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THE LHC

THE LHC - AN INCREDIBLE SUCCESS
▸ Running since 2009 

▸ Experimental performance excellent  
and exceeding expectations!

▸ We are still at the  
beginning of LHC physics! 

▸ 300 fb^-1 until end of 2023 

▸ 3000 fb^-1 in HL - LHC
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Period
Integrated 
Luminosity 

 [fb-1]
Run 1 29.2
Run 2: 2015 4.2
Run 2: 2016 39.7
Run 2: 2017 50.2
Run 2: 2018 66.0

Total Run1 + Run 2 189.3

Today: up to 139 fb^-1



LHC PHYSICS

THE LHC - AN INCREDIBLE SUCCESS
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The quest p.H.
▸ 4th of July 2012: The Higgs Age begins!

✴ Explore a never before observed interaction: Yukawa! 

✴ Gain insight in the mechanism of electro-weak symmetry breaking 

✴ Investigate the 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>

?
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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>

?



�5

Inclusive Production Cross Section 
of the Higgs Boson

WHAT IS PRECISION? - THE HIGGS

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>

Physics at 10 % level

mh = 125.35± 0.15GeV
<latexit sha1_base64="4EjoSbB/XcVAVGla6Ci/YeCe7So=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIWkWnQjFF3osoJ9QBvCZDpph85MwsxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUadf9tgpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXk/81gORisbiXo8S4nPUFzSiGGkjBfYBDwaXXqXqnFa7CYeu41XhDWkGdtl13CngIvFyUgY56oH91e3FOOVEaMyQUh3PTbSfIakpZmRc6qaKJAgPUZ90DBWIE+Vn0/vH8NgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Uh1d+BkVSaqJwLNFUcqgjuEkDNijkmDNRoYgLKm5FeIBkghrE1nJhODNv7xImhXHM7HdnZVrV3kcRXAIjsAJ8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w/WhpNl</latexit><latexit sha1_base64="4EjoSbB/XcVAVGla6Ci/YeCe7So=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIWkWnQjFF3osoJ9QBvCZDpph85MwsxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUadf9tgpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXk/81gORisbiXo8S4nPUFzSiGGkjBfYBDwaXXqXqnFa7CYeu41XhDWkGdtl13CngIvFyUgY56oH91e3FOOVEaMyQUh3PTbSfIakpZmRc6qaKJAgPUZ90DBWIE+Vn0/vH8NgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Uh1d+BkVSaqJwLNFUcqgjuEkDNijkmDNRoYgLKm5FeIBkghrE1nJhODNv7xImhXHM7HdnZVrV3kcRXAIjsAJ8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w/WhpNl</latexit><latexit sha1_base64="4EjoSbB/XcVAVGla6Ci/YeCe7So=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIWkWnQjFF3osoJ9QBvCZDpph85MwsxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUadf9tgpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXk/81gORisbiXo8S4nPUFzSiGGkjBfYBDwaXXqXqnFa7CYeu41XhDWkGdtl13CngIvFyUgY56oH91e3FOOVEaMyQUh3PTbSfIakpZmRc6qaKJAgPUZ90DBWIE+Vn0/vH8NgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Uh1d+BkVSaqJwLNFUcqgjuEkDNijkmDNRoYgLKm5FeIBkghrE1nJhODNv7xImhXHM7HdnZVrV3kcRXAIjsAJ8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w/WhpNl</latexit><latexit sha1_base64="4EjoSbB/XcVAVGla6Ci/YeCe7So=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIWkWnQjFF3osoJ9QBvCZDpph85MwsxEKLELf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGFUadf9tgpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHSJFGBWkoalmpJ1IgnjISCscXk/81gORisbiXo8S4nPUFzSiGGkjBfYBDwaXXqXqnFa7CYeu41XhDWkGdtl13CngIvFyUgY56oH91e3FOOVEaMyQUh3PTbSfIakpZmRc6qaKJAgPUZ90DBWIE+Vn0/vH8NgoPRjF0pTQcKr+nsgQV2rEQ9PJkR6oeW8i/ud1Uh1d+BkVSaqJwLNFUcqgjuEkDNijkmDNRoYgLKm5FeIBkghrE1nJhODNv7xImhXHM7HdnZVrV3kcRXAIjsAJ8MA5qIFbUAcNgMEjeAav4M16sl6sd+tj1lqw8pl98AfW5w/WhpNl</latexit>



FUTURE OF HIGGS BOSON PHYSICS �6

▸ Luminosity at 1% 

▸ Couplings better then 5% 

▸ Differential cross sections get precise

AT 3000 FB^-1
Inclusive Production Cross Section 
of the Higgs Boson

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>



FUTURE OF HIGGS BOSON PHYSICS �7

AT 3000 FB^-1
Inclusive Production Cross Section 
of the Higgs Boson

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>



FUTURE OF HIGGS BOSON PHYSICS �8

AT 3000 FB^-1
Inclusive Production Cross Section 
of the Higgs Boson

Theory uncertainties:
OPTIMISTIC scenario!!!

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>



�9LHC PROCESSES 



�10FROM 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 

�11

� ⇠

Z
dxdyf(x)f(y)�̂ +O

✓
⇤

Q

◆FACTORISATION

▸ Intrinsic limitation = level of target precision?

THE WAY TO PRECISION LHC PREDICTIONS



� ⇠

Z
dxdyf(x)f(y)�̂ +O

✓
⇤

Q

◆

▸ 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
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�12THE 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>



NNLO OVER TIME �13

NNLO

Slide inspired by G. Salam

Created by L. Cieri



N3LO OVER TIME �14

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, [BM,18]

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

Higgs (Y approx.) [Dulat, BM,Pelloni,18]
HH (VBF) [Dreyer, Karlberg,18]

bbH [Dulat, BM, Duhr,19]

N3LO

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



HOW MANY HIGGS BOSONS 
ARE PRODUCED  
BY THE LHC?

�15



▸ Perturbative partonic cross sections  

▸ Integrate out the top quark

�16

mt ! 1

Gluon Fusion ~90% of all Higgs bosons

HOW MANY HIGGS BOSONS ARE PRODUCED BY THE LHC?

LO NLO NNLO N3LO

�̂ = �̂(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>



�17COMPUTING CROSS SECTIONS

THE CROSS SECTION CALCULATION MACHINE



�18COMPUTING CROSS SECTIONS

1. Diagrams and Integrals 
2. Approximating Integrals  
3. Computing Integrals



�19COMPUTING CROSS SECTIONS

1. Diagrams and Integrals 
2. Approximating Integrals  
3. Computing Integrals



�20DIAGRAMS AND INTEGRALS

�(0)
<latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit>

LO

1 Diagram
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+

LO

NLO

1 Diagram

~10 Diagrams
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+
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1 Diagram

~10 Diagrams
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(2)
<latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit>

~1000 Diagrams

NNLO



�23DIAGRAMS AND INTEGRALS

�(0)
<latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit><latexit sha1_base64="GC/QYzOrio4wKvkSM8CXAQ+zPvE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QxLLZbtqlu5uwuxFK6N/w4kERr/4Zb/4bt2kO2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjo5TRWibxDxWvRBrypmkbcMMp71EUSxCTrvh5Hbud5+o0iyWD2aa0EDgkWQRI9hYyfc1Gwn8mNXd89mgWnMbbg60SryC1KBAa1D98ocxSQWVhnCsdd9zExNkWBlGOJ1V/FTTBJMJHtG+pRILqoMsv3mGzqwyRFGsbEmDcvX3RIaF1lMR2k6BzVgve3PxP6+fmug6yJhMUkMlWSyKUo5MjOYBoCFTlBg+tQQTxeytiIyxwsTYmCo2BG/55VXSuWh4bsO7v6w1b4o4ynACp1AHD66gCXfQgjYQSOAZXuHNSZ0X5935WLSWnGLmGP7A+fwBV3qRNg==</latexit>

+↵1
S�

(1)
<latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit>

+
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1 Diagram

~10 Diagrams
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(2)
<latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit>

~1000 Diagrams
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(3)
<latexit sha1_base64="20gN4hFXRVqoGwDeuJYeeURjres=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQIkKYMYIeg148RjQLZCZDTacnadKz0N0jhCFe/BUvHhTx6l9482/sLAdNfFDweK+Kqnp+wplUlvVt5JaWV1bX8uuFjc2t7R1zd68h41QQWicxj0XLB0k5i2hdMcVpKxEUQp/Tpj+4HvvNByoki6N7NUyoG0IvYgEjoLTkmQenDvCkD95dp4IdyXohdLJS5WTkmUWrbE2AF4k9I0U0Q80zv5xuTNKQRopwkLJtW4lyMxCKEU5HBSeVNAEygB5taxpBSKWbTT4Y4WOtdHEQC12RwhP190QGoZTD0NedIai+nPfG4n9eO1XBpZuxKEkVjch0UZByrGI8jgN3maBE8aEmQATTt2LSBwFE6dAKOgR7/uVF0jgr21bZvj0vVq9mceTRITpCJWSjC1RFN6iG6oigR/SMXtGb8WS8GO/Gx7Q1Z8xm9tEfGJ8/z4+V0g==</latexit><latexit sha1_base64="20gN4hFXRVqoGwDeuJYeeURjres=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQIkKYMYIeg148RjQLZCZDTacnadKz0N0jhCFe/BUvHhTx6l9482/sLAdNfFDweK+Kqnp+wplUlvVt5JaWV1bX8uuFjc2t7R1zd68h41QQWicxj0XLB0k5i2hdMcVpKxEUQp/Tpj+4HvvNByoki6N7NUyoG0IvYgEjoLTkmQenDvCkD95dp4IdyXohdLJS5WTkmUWrbE2AF4k9I0U0Q80zv5xuTNKQRopwkLJtW4lyMxCKEU5HBSeVNAEygB5taxpBSKWbTT4Y4WOtdHEQC12RwhP190QGoZTD0NedIai+nPfG4n9eO1XBpZuxKEkVjch0UZByrGI8jgN3maBE8aEmQATTt2LSBwFE6dAKOgR7/uVF0jgr21bZvj0vVq9mceTRITpCJWSjC1RFN6iG6oigR/SMXtGb8WS8GO/Gx7Q1Z8xm9tEfGJ8/z4+V0g==</latexit><latexit sha1_base64="20gN4hFXRVqoGwDeuJYeeURjres=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQIkKYMYIeg148RjQLZCZDTacnadKz0N0jhCFe/BUvHhTx6l9482/sLAdNfFDweK+Kqnp+wplUlvVt5JaWV1bX8uuFjc2t7R1zd68h41QQWicxj0XLB0k5i2hdMcVpKxEUQp/Tpj+4HvvNByoki6N7NUyoG0IvYgEjoLTkmQenDvCkD95dp4IdyXohdLJS5WTkmUWrbE2AF4k9I0U0Q80zv5xuTNKQRopwkLJtW4lyMxCKEU5HBSeVNAEygB5taxpBSKWbTT4Y4WOtdHEQC12RwhP190QGoZTD0NedIai+nPfG4n9eO1XBpZuxKEkVjch0UZByrGI8jgN3maBE8aEmQATTt2LSBwFE6dAKOgR7/uVF0jgr21bZvj0vVq9mceTRITpCJWSjC1RFN6iG6oigR/SMXtGb8WS8GO/Gx7Q1Z8xm9tEfGJ8/z4+V0g==</latexit><latexit sha1_base64="20gN4hFXRVqoGwDeuJYeeURjres=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQIkKYMYIeg148RjQLZCZDTacnadKz0N0jhCFe/BUvHhTx6l9482/sLAdNfFDweK+Kqnp+wplUlvVt5JaWV1bX8uuFjc2t7R1zd68h41QQWicxj0XLB0k5i2hdMcVpKxEUQp/Tpj+4HvvNByoki6N7NUyoG0IvYgEjoLTkmQenDvCkD95dp4IdyXohdLJS5WTkmUWrbE2AF4k9I0U0Q80zv5xuTNKQRopwkLJtW4lyMxCKEU5HBSeVNAEygB5taxpBSKWbTT4Y4WOtdHEQC12RwhP190QGoZTD0NedIai+nPfG4n9eO1XBpZuxKEkVjch0UZByrGI8jgN3maBE8aEmQATTt2LSBwFE6dAKOgR7/uVF0jgr21bZvj0vVq9mceTRITpCJWSjC1RFN6iG6oigR/SMXtGb8WS8GO/Gx7Q1Z8xm9tEfGJ8/z4+V0g==</latexit>

N3LO

VVV RVV

RRR

RV^2 RRV100 000 diagrams
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Order Integrals After Relations
0 1 1
1 ~100 2
2 ~50000 27
3 517531178 1027

Feynman diagrams lead to Feynman integrals
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Order Integrals After Relations
0 1 1
1 ~100 2
2 ~50000 27
3 517531178 1027

▸ Luckily they are related!

c1I1 + c2I2 + · · · = 0
<latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit>

DIAGRAMS AND INTEGRALS

Feynman diagrams lead to Feynman integrals



�26

Order Integrals After Relations
0 1 1
1 ~100 2
2 ~50000 27
3 517531178 1027

▸ Luckily they are related!

c1I1 + c2I2 + · · · = 0
<latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit>

DIAGRAMS AND INTEGRALS

Feynman diagrams lead to Feynman integrals

Based on [Anastasiou, Dixon, Melnikov, Petriello,… , 2000+]

▸ Reverse unitarity, IBPs, Laporta, …

[Anastasiou, Duhr, Dulat,Herzog,BM,16]
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c1I1 + c2I2 + · · · = 0
<latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit><latexit sha1_base64="ta4LbzgmD+TedInvCm4RKmNp2lc=">AAACA3icbVBNS8NAFHypX7V+Rb3pZbEIQqEkRdCLUPSitwq2FdoQNttNu3SzCbsboYSCF/+KFw+KePVPePPfuG1z0NaBB8PMG3bfBAlnSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTSWiTxDyW9wFWlDNBm5ppTu8TSXEUcNoOhlcTv/1ApWKxuNOjhHoR7gsWMoK1kXz7gPguujFTIX7NkBqqdHuxVujC8e2yU3WmQIvEzUkZcjR8+8tESRpRoQnHSnVcJ9FehqVmhNNxqZsqmmAyxH3aMVTgiCovm94wRsdG6aEwlmaERlP1dyLDkVKjKDCbEdYDNe9NxP+8TqrDcy9jIkk1FWT2UJhypGM0KQT1mKRE85EhmEhm/orIAEtMtKmtZEpw509eJK1a1XWq7u1puX6Z11GEQziCE3DhDOpwDQ1oAoFHeIZXeLOerBfr3fqYrRasPLMPf2B9/gBWRJTC</latexit>

DIAGRAMS AND INTEGRALS

Checking for zeros:

t� t+ t� t+ t� t+ t� t · · ·+ t� t+ t = 0?
<latexit sha1_base64="K0peklkulcaO0T3oUxhLHBI2vfM=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJYZEXQjFt24rGAf0A4lk2ba0MyD5I5Qhu7c+CtuXCji1l9w59+YPha1euDCyTn3JrnHT6TQ6DjfVm5hcWl5Jb9aWFvf2Nyyt3dqOk4V41UWy1g1fKq5FBGvokDJG4niNPQlr/v9m5Fff+BKizi6x0HCvZB2IxEIRtFIbXsfT/B4plqdGPXkcOmQq7ZddErOGOQvcaekCFNU2vaXuYGlIY+QSap103US9DKqUDDJh4VWqnlCWZ92edPQiIZce9l4jyE5NEqHBLEyFSEZq7MTGQ21HoS+6Qwp9vS8NxL/85opBhdeJqIkRR6xyUNBKgnGZBQK6QjFGcqBIZQpYf5KWI8qytBEVzAhuPMr/yW105LrlNy7s2L5ehpHHvbgAI7AhXMowy1UoAoMHuEZXuHNerJerHfrY9Kas6Yzu/AL1ucP82CXbQ==</latexit><latexit sha1_base64="K0peklkulcaO0T3oUxhLHBI2vfM=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJYZEXQjFt24rGAf0A4lk2ba0MyD5I5Qhu7c+CtuXCji1l9w59+YPha1euDCyTn3JrnHT6TQ6DjfVm5hcWl5Jb9aWFvf2Nyyt3dqOk4V41UWy1g1fKq5FBGvokDJG4niNPQlr/v9m5Fff+BKizi6x0HCvZB2IxEIRtFIbXsfT/B4plqdGPXkcOmQq7ZddErOGOQvcaekCFNU2vaXuYGlIY+QSap103US9DKqUDDJh4VWqnlCWZ92edPQiIZce9l4jyE5NEqHBLEyFSEZq7MTGQ21HoS+6Qwp9vS8NxL/85opBhdeJqIkRR6xyUNBKgnGZBQK6QjFGcqBIZQpYf5KWI8qytBEVzAhuPMr/yW105LrlNy7s2L5ehpHHvbgAI7AhXMowy1UoAoMHuEZXuHNerJerHfrY9Kas6Yzu/AL1ucP82CXbQ==</latexit><latexit sha1_base64="K0peklkulcaO0T3oUxhLHBI2vfM=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJYZEXQjFt24rGAf0A4lk2ba0MyD5I5Qhu7c+CtuXCji1l9w59+YPha1euDCyTn3JrnHT6TQ6DjfVm5hcWl5Jb9aWFvf2Nyyt3dqOk4V41UWy1g1fKq5FBGvokDJG4niNPQlr/v9m5Fff+BKizi6x0HCvZB2IxEIRtFIbXsfT/B4plqdGPXkcOmQq7ZddErOGOQvcaekCFNU2vaXuYGlIY+QSap103US9DKqUDDJh4VWqnlCWZ92edPQiIZce9l4jyE5NEqHBLEyFSEZq7MTGQ21HoS+6Qwp9vS8NxL/85opBhdeJqIkRR6xyUNBKgnGZBQK6QjFGcqBIZQpYf5KWI8qytBEVzAhuPMr/yW105LrlNy7s2L5ehpHHvbgAI7AhXMowy1UoAoMHuEZXuHNerJerHfrY9Kas6Yzu/AL1ucP82CXbQ==</latexit><latexit sha1_base64="K0peklkulcaO0T3oUxhLHBI2vfM=">AAACB3icbVDLSgMxFL1TX7W+Rl0KEiyCIJYZEXQjFt24rGAf0A4lk2ba0MyD5I5Qhu7c+CtuXCji1l9w59+YPha1euDCyTn3JrnHT6TQ6DjfVm5hcWl5Jb9aWFvf2Nyyt3dqOk4V41UWy1g1fKq5FBGvokDJG4niNPQlr/v9m5Fff+BKizi6x0HCvZB2IxEIRtFIbXsfT/B4plqdGPXkcOmQq7ZddErOGOQvcaekCFNU2vaXuYGlIY+QSap103US9DKqUDDJh4VWqnlCWZ92edPQiIZce9l4jyE5NEqHBLEyFSEZq7MTGQ21HoS+6Qwp9vS8NxL/85opBhdeJqIkRR6xyUNBKgnGZBQK6QjFGcqBIZQpYf5KWI8qytBEVzAhuPMr/yW105LrlNy7s2L5ehpHHvbgAI7AhXMowy1UoAoMHuEZXuHNerJerHfrY9Kas6Yzu/AL1ucP82CXbQ==</latexit>

▸ Analytically: slow 
▸ Numerically: faster 
▸ Machine-sized numerically: fast!

t = 13
<latexit sha1_base64="IyBoXt7ZLpFzpIcjvwm0qqA05MM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoBch6MVjBGMCyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfONnsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBNtcug7O+9WaX/dzoGUSFKQGBZr96ldvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzPJbp+jEKQMUK+1KWpSrvycyLIyZiMh1CmxHZtGbif953dTGV2HGZJJaKsl8UZxyZBWaPY4GTFNi+cQRTDRztyIywhoT6+KpuBCCxZeXyeNZPfDrwf1FrXFTxFGGIziGUwjgEhpwB01oAYERPMMrvHnCe/HevY95a8krZg7hD7zPH0UEjbc=</latexit><latexit sha1_base64="IyBoXt7ZLpFzpIcjvwm0qqA05MM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoBch6MVjBGMCyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfONnsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBNtcug7O+9WaX/dzoGUSFKQGBZr96ldvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzPJbp+jEKQMUK+1KWpSrvycyLIyZiMh1CmxHZtGbif953dTGV2HGZJJaKsl8UZxyZBWaPY4GTFNi+cQRTDRztyIywhoT6+KpuBCCxZeXyeNZPfDrwf1FrXFTxFGGIziGUwjgEhpwB01oAYERPMMrvHnCe/HevY95a8krZg7hD7zPH0UEjbc=</latexit><latexit sha1_base64="IyBoXt7ZLpFzpIcjvwm0qqA05MM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoBch6MVjBGMCyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfONnsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBNtcug7O+9WaX/dzoGUSFKQGBZr96ldvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzPJbp+jEKQMUK+1KWpSrvycyLIyZiMh1CmxHZtGbif953dTGV2HGZJJaKsl8UZxyZBWaPY4GTFNi+cQRTDRztyIywhoT6+KpuBCCxZeXyeNZPfDrwf1FrXFTxFGGIziGUwjgEhpwB01oAYERPMMrvHnCe/HevY95a8krZg7hD7zPH0UEjbc=</latexit><latexit sha1_base64="IyBoXt7ZLpFzpIcjvwm0qqA05MM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoBch6MVjBGMCyRJmJ7PJkHksM7NCWPILXjwo4tUf8ubfONnsQRMLGoqqbrq7ooQzY33/2yutrK6tb5Q3K1vbO7t71f2DR6NSTWiLKK50J8KGciZpyzLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBNtcug7O+9WaX/dzoGUSFKQGBZr96ldvoEgqqLSEY2O6gZ/YMMPaMsLptNJLDU0wGeMh7ToqsaAmzPJbp+jEKQMUK+1KWpSrvycyLIyZiMh1CmxHZtGbif953dTGV2HGZJJaKsl8UZxyZBWaPY4GTFNi+cQRTDRztyIywhoT6+KpuBCCxZeXyeNZPfDrwf1FrXFTxFGGIziGUwjgEhpwB01oAYERPMMrvHnCe/HevY95a8krZg7hD7zPH0UEjbc=</latexit>

Finite field arithmetics: t = 27%13 = 1
<latexit sha1_base64="Gi7qiUjm94CGazNGgVEmnNSSsak=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRkLiiWzRBC8kRC8eMREkgQ3pli40dLtr2yUhG36HFw8a49Uf481/Y4E9KPiSSV7em8nMPD8WXBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRFHWopGIVMcnmgkuWctwI1gnVoyEvmCP/vh27j9OmNI8kg9mGjMvJEPJA06JsZJn6tUa6pURvkR13C+W3Iq7AFonOCMlyNDsF796g4gmIZOGCqJ1F7ux8VKiDKeCzQq9RLOY0DEZsq6lkoRMe+ni6BkqW2WAgkjZkgYt1N8TKQm1noa+7QyJGelVby7+53UTE1x7KZdxYpiky0VBIpCJ0DwBNOCKUSOmlhCquL0V0RFRhBqbU8GGgFdfXiftagW7FXx/VWrcZHHk4QzO4QIw1KABd9CEFlB4gmd4hTdn4rw4787HsjXnZDOn8AfO5w89aY/J</latexit><latexit sha1_base64="Gi7qiUjm94CGazNGgVEmnNSSsak=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRkLiiWzRBC8kRC8eMREkgQ3pli40dLtr2yUhG36HFw8a49Uf481/Y4E9KPiSSV7em8nMPD8WXBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRFHWopGIVMcnmgkuWctwI1gnVoyEvmCP/vh27j9OmNI8kg9mGjMvJEPJA06JsZJn6tUa6pURvkR13C+W3Iq7AFonOCMlyNDsF796g4gmIZOGCqJ1F7ux8VKiDKeCzQq9RLOY0DEZsq6lkoRMe+ni6BkqW2WAgkjZkgYt1N8TKQm1noa+7QyJGelVby7+53UTE1x7KZdxYpiky0VBIpCJ0DwBNOCKUSOmlhCquL0V0RFRhBqbU8GGgFdfXiftagW7FXx/VWrcZHHk4QzO4QIw1KABd9CEFlB4gmd4hTdn4rw4787HsjXnZDOn8AfO5w89aY/J</latexit><latexit sha1_base64="Gi7qiUjm94CGazNGgVEmnNSSsak=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRkLiiWzRBC8kRC8eMREkgQ3pli40dLtr2yUhG36HFw8a49Uf481/Y4E9KPiSSV7em8nMPD8WXBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRFHWopGIVMcnmgkuWctwI1gnVoyEvmCP/vh27j9OmNI8kg9mGjMvJEPJA06JsZJn6tUa6pURvkR13C+W3Iq7AFonOCMlyNDsF796g4gmIZOGCqJ1F7ux8VKiDKeCzQq9RLOY0DEZsq6lkoRMe+ni6BkqW2WAgkjZkgYt1N8TKQm1noa+7QyJGelVby7+53UTE1x7KZdxYpiky0VBIpCJ0DwBNOCKUSOmlhCquL0V0RFRhBqbU8GGgFdfXiftagW7FXx/VWrcZHHk4QzO4QIw1KABd9CEFlB4gmd4hTdn4rw4787HsjXnZDOn8AfO5w89aY/J</latexit><latexit sha1_base64="Gi7qiUjm94CGazNGgVEmnNSSsak=">AAAB9HicbVBNTwIxEJ3FL8Qv1KOXRkLiiWzRBC8kRC8eMREkgQ3pli40dLtr2yUhG36HFw8a49Uf481/Y4E9KPiSSV7em8nMPD8WXBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRFHWopGIVMcnmgkuWctwI1gnVoyEvmCP/vh27j9OmNI8kg9mGjMvJEPJA06JsZJn6tUa6pURvkR13C+W3Iq7AFonOCMlyNDsF796g4gmIZOGCqJ1F7ux8VKiDKeCzQq9RLOY0DEZsq6lkoRMe+ni6BkqW2WAgkjZkgYt1N8TKQm1noa+7QyJGelVby7+53UTE1x7KZdxYpiky0VBIpCJ0DwBNOCKUSOmlhCquL0V0RFRhBqbU8GGgFdfXiftagW7FXx/VWrcZHHk4QzO4QIw1KABd9CEFlB4gmd4hTdn4rw4787HsjXnZDOn8AfO5w89aY/J</latexit>

Reconstructing polynomials:

c(t) =?
<latexit sha1_base64="madxaAaQf6FDaN7DXxqNEpRKvL8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL2IQS8eI5gHJCHMTmaTMbM7y0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aBiVaMbrTEmlWz41XIqI11Gg5K1Ycxr6kjf90e3Ubz5xbYSKHnAc825IB5EIBKNopQYr4+nVda9YcivuDGSZeBkpQYZar/jV6SuWhDxCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWRjTkppvOrp2QE6v0SaC0rQjJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTUUUJ8gjNl8UJJKgItPXSV9ozlCOLaFMC3srYUOqKUMbUMGG4C2+vEwaZxXPrXj356XqTRZHHo7gGMrgwQVU4Q5qUAcGj/AMr/DmKOfFeXc+5q05J5s5hD9wPn8AahiOWg==</latexit><latexit sha1_base64="madxaAaQf6FDaN7DXxqNEpRKvL8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL2IQS8eI5gHJCHMTmaTMbM7y0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aBiVaMbrTEmlWz41XIqI11Gg5K1Ycxr6kjf90e3Ubz5xbYSKHnAc825IB5EIBKNopQYr4+nVda9YcivuDGSZeBkpQYZar/jV6SuWhDxCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWRjTkppvOrp2QE6v0SaC0rQjJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTUUUJ8gjNl8UJJKgItPXSV9ozlCOLaFMC3srYUOqKUMbUMGG4C2+vEwaZxXPrXj356XqTRZHHo7gGMrgwQVU4Q5qUAcGj/AMr/DmKOfFeXc+5q05J5s5hD9wPn8AahiOWg==</latexit><latexit sha1_base64="madxaAaQf6FDaN7DXxqNEpRKvL8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL2IQS8eI5gHJCHMTmaTMbM7y0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aBiVaMbrTEmlWz41XIqI11Gg5K1Ycxr6kjf90e3Ubz5xbYSKHnAc825IB5EIBKNopQYr4+nVda9YcivuDGSZeBkpQYZar/jV6SuWhDxCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWRjTkppvOrp2QE6v0SaC0rQjJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTUUUJ8gjNl8UJJKgItPXSV9ozlCOLaFMC3srYUOqKUMbUMGG4C2+vEwaZxXPrXj356XqTRZHHo7gGMrgwQVU4Q5qUAcGj/AMr/DmKOfFeXc+5q05J5s5hD9wPn8AahiOWg==</latexit><latexit sha1_base64="madxaAaQf6FDaN7DXxqNEpRKvL8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBL2IQS8eI5gHJCHMTmaTMbM7y0yvEJb8gxcPinj1f7z5N06SPWhiQUNR1U13lx9LYdB1v53cyura+kZ+s7C1vbO7V9w/aBiVaMbrTEmlWz41XIqI11Gg5K1Ycxr6kjf90e3Ubz5xbYSKHnAc825IB5EIBKNopQYr4+nVda9YcivuDGSZeBkpQYZar/jV6SuWhDxCJqkxbc+NsZtSjYJJPil0EsNjykZ0wNuWRjTkppvOrp2QE6v0SaC0rQjJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTUUUJ8gjNl8UJJKgItPXSV9ozlCOLaFMC3srYUOqKUMbUMGG4C2+vEwaZxXPrXj356XqTRZHHo7gGMrgwQVU4Q5qUAcGj/AMr/DmKOfFeXc+5q05J5s5hD9wPn8AahiOWg==</latexit>

c(t) = t
<latexit sha1_base64="2ZyuNdVtqsyTvDkpRwnQaybjRhc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANpTNdtOu3WzC7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqckqeHaNvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2bXTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jrpC80ZyrEllGlhbyVsSDVlaAMq2hC8xZeXSfO86rlV7/6iXLvJ4yjAMZxABTy4hBrcQR0awOARnuEV3pzYeXHenY9564qTzxzBHzifP7psjo8=</latexit><latexit sha1_base64="2ZyuNdVtqsyTvDkpRwnQaybjRhc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANpTNdtOu3WzC7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqckqeHaNvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2bXTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jrpC80ZyrEllGlhbyVsSDVlaAMq2hC8xZeXSfO86rlV7/6iXLvJ4yjAMZxABTy4hBrcQR0awOARnuEV3pzYeXHenY9564qTzxzBHzifP7psjo8=</latexit><latexit sha1_base64="2ZyuNdVtqsyTvDkpRwnQaybjRhc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANpTNdtOu3WzC7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqckqeHaNvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2bXTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jrpC80ZyrEllGlhbyVsSDVlaAMq2hC8xZeXSfO86rlV7/6iXLvJ4yjAMZxABTy4hBrcQR0awOARnuEV3pzYeXHenY9564qTzxzBHzifP7psjo8=</latexit><latexit sha1_base64="2ZyuNdVtqsyTvDkpRwnQaybjRhc=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANpTNdtOu3WzC7kQoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnCccD+iAyVCwShaqckqeHaNvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2bXTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jrpC80ZyrEllGlhbyVsSDVlaAMq2hC8xZeXSfO86rlV7/6iXLvJ4yjAMZxABTy4hBrcQR0awOARnuEV3pzYeXHenY9564qTzxzBHzifP7psjo8=</latexit>

c(13) = 13
<latexit sha1_base64="39FtaZKBiD+nNKCCvpRwVUdsamA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsrGCnoRil48VrAf0C4lm2bb0Gx2m2SFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhu5reemNI8ko9mEjMvJAPJA06JsVKblnH1/AZXe8WSW3HnQKsEZ6QEGeq94le3H9EkZNJQQbTuYDc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO0VnVumjIFK2pEFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBNdeymWcGCbpYlGQCGQiNHse9bli1IiJJYQqbm9FdEgUocZGVLAh4OWXV0nzooLdCn64LNVuszjycAKnUAYMV1CDe6hDAygIeIZXeHPGzovz7nwsWnNONnMMf+B8/gDV3I6D</latexit><latexit sha1_base64="39FtaZKBiD+nNKCCvpRwVUdsamA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsrGCnoRil48VrAf0C4lm2bb0Gx2m2SFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhu5reemNI8ko9mEjMvJAPJA06JsVKblnH1/AZXe8WSW3HnQKsEZ6QEGeq94le3H9EkZNJQQbTuYDc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO0VnVumjIFK2pEFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBNdeymWcGCbpYlGQCGQiNHse9bli1IiJJYQqbm9FdEgUocZGVLAh4OWXV0nzooLdCn64LNVuszjycAKnUAYMV1CDe6hDAygIeIZXeHPGzovz7nwsWnNONnMMf+B8/gDV3I6D</latexit><latexit sha1_base64="39FtaZKBiD+nNKCCvpRwVUdsamA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsrGCnoRil48VrAf0C4lm2bb0Gx2m2SFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhu5reemNI8ko9mEjMvJAPJA06JsVKblnH1/AZXe8WSW3HnQKsEZ6QEGeq94le3H9EkZNJQQbTuYDc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO0VnVumjIFK2pEFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBNdeymWcGCbpYlGQCGQiNHse9bli1IiJJYQqbm9FdEgUocZGVLAh4OWXV0nzooLdCn64LNVuszjycAKnUAYMV1CDe6hDAygIeIZXeHPGzovz7nwsWnNONnMMf+B8/gDV3I6D</latexit><latexit sha1_base64="39FtaZKBiD+nNKCCvpRwVUdsamA=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsrGCnoRil48VrAf0C4lm2bb0Gx2m2SFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDau++3k1tY3Nrfy24Wd3b39g+LhUVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhu5reemNI8ko9mEjMvJAPJA06JsVKblnH1/AZXe8WSW3HnQKsEZ6QEGeq94le3H9EkZNJQQbTuYDc2XkqU4VSwaaGbaBYTOiID1rFUkpBpL53fO0VnVumjIFK2pEFz9fdESkKtJ6FvO0NihnrZm4n/eZ3EBNdeymWcGCbpYlGQCGQiNHse9bli1IiJJYQqbm9FdEgUocZGVLAh4OWXV0nzooLdCn64LNVuszjycAKnUAYMV1CDe6hDAygIeIZXeHPGzovz7nwsWnNONnMMf+B8/gDV3I6D</latexit>

c(t) =
<latexit sha1_base64="JW/IVTOiR7Pj60BPh8ZBv0FVfHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ks+qeH7TK1fcmjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi5rk17+GyUr/N4yjCCZxCFTy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+AOQ8jhE=</latexit><latexit sha1_base64="JW/IVTOiR7Pj60BPh8ZBv0FVfHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ks+qeH7TK1fcmjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi5rk17+GyUr/N4yjCCZxCFTy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+AOQ8jhE=</latexit><latexit sha1_base64="JW/IVTOiR7Pj60BPh8ZBv0FVfHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ks+qeH7TK1fcmjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi5rk17+GyUr/N4yjCCZxCFTy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+AOQ8jhE=</latexit><latexit sha1_base64="JW/IVTOiR7Pj60BPh8ZBv0FVfHU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigl6EohePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0ks+qeH7TK1fcmjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSfOi5rk17+GyUr/N4yjCCZxCFTy4gjrcQwN8YCDgGV7hzVHOi/PufCxaC04+cwx/4Hz+AOQ8jhE=</latexit>

Based on [Manteuffel,Schabinger]
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�30COMPUTING CROSS SECTIONS

1. Diagrams and Integrals 
2. Approximating Integrals  
3. Computing Integrals



�31

They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

�̂(3) = �̂(3,�1) +O(z̄0).
<latexit sha1_base64="nhmiU8X+XcgBJU+PUuarnLF5K88=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQENcyooCBC0Is3I5gFMkmo6XSSJj0L3T1CHOZjvPgrXjy44MGL32JPkoNJfFDweK+KqnpOwJlUpvltzM0vLC4tp1bSq2vrG5uZre2K9ENBaJn43Bc1ByTlzKNlxRSntUBQcB1Oq07/OvGrD1RI5nv3ahDQhgtdj3UYAaWlVubC7oGyJeu60IxyJ/n4clI4PLLy8YHtguoR4NFtnLMdEPixaeYLrUzWLJhD4FlijUkWjVFqZT7stk9Cl3qKcJCybpmBakQgFCOcxmk7lDQA0ocurWvqgUtlIxo+GeN9rbRxxxe6PIWH6t+JCFwpB66jO5Nr5bSXiP959VB1zhsR84JQUY+MFnVCjpWPk8RwmwlKFB9oAkQwfSsmPRBAlM41rUOwpl+eJZXjgmUWrLvTbPFqHEcK7aI9lEMWOkNFdINKqIwIekIv6A29G8/Gq/FpfI1a54zxzA6agPHzC2oZo2A=</latexit><latexit sha1_base64="nhmiU8X+XcgBJU+PUuarnLF5K88=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQENcyooCBC0Is3I5gFMkmo6XSSJj0L3T1CHOZjvPgrXjy44MGL32JPkoNJfFDweK+KqnpOwJlUpvltzM0vLC4tp1bSq2vrG5uZre2K9ENBaJn43Bc1ByTlzKNlxRSntUBQcB1Oq07/OvGrD1RI5nv3ahDQhgtdj3UYAaWlVubC7oGyJeu60IxyJ/n4clI4PLLy8YHtguoR4NFtnLMdEPixaeYLrUzWLJhD4FlijUkWjVFqZT7stk9Cl3qKcJCybpmBakQgFCOcxmk7lDQA0ocurWvqgUtlIxo+GeN9rbRxxxe6PIWH6t+JCFwpB66jO5Nr5bSXiP959VB1zhsR84JQUY+MFnVCjpWPk8RwmwlKFB9oAkQwfSsmPRBAlM41rUOwpl+eJZXjgmUWrLvTbPFqHEcK7aI9lEMWOkNFdINKqIwIekIv6A29G8/Gq/FpfI1a54zxzA6agPHzC2oZo2A=</latexit><latexit sha1_base64="nhmiU8X+XcgBJU+PUuarnLF5K88=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQENcyooCBC0Is3I5gFMkmo6XSSJj0L3T1CHOZjvPgrXjy44MGL32JPkoNJfFDweK+KqnpOwJlUpvltzM0vLC4tp1bSq2vrG5uZre2K9ENBaJn43Bc1ByTlzKNlxRSntUBQcB1Oq07/OvGrD1RI5nv3ahDQhgtdj3UYAaWlVubC7oGyJeu60IxyJ/n4clI4PLLy8YHtguoR4NFtnLMdEPixaeYLrUzWLJhD4FlijUkWjVFqZT7stk9Cl3qKcJCybpmBakQgFCOcxmk7lDQA0ocurWvqgUtlIxo+GeN9rbRxxxe6PIWH6t+JCFwpB66jO5Nr5bSXiP959VB1zhsR84JQUY+MFnVCjpWPk8RwmwlKFB9oAkQwfSsmPRBAlM41rUOwpl+eJZXjgmUWrLvTbPFqHEcK7aI9lEMWOkNFdINKqIwIekIv6A29G8/Gq/FpfI1a54zxzA6agPHzC2oZo2A=</latexit><latexit sha1_base64="nhmiU8X+XcgBJU+PUuarnLF5K88=">AAACJHicbVDJSgNBEO1xjXGLevTSGIQENcyooCBC0Is3I5gFMkmo6XSSJj0L3T1CHOZjvPgrXjy44MGL32JPkoNJfFDweK+KqnpOwJlUpvltzM0vLC4tp1bSq2vrG5uZre2K9ENBaJn43Bc1ByTlzKNlxRSntUBQcB1Oq07/OvGrD1RI5nv3ahDQhgtdj3UYAaWlVubC7oGyJeu60IxyJ/n4clI4PLLy8YHtguoR4NFtnLMdEPixaeYLrUzWLJhD4FlijUkWjVFqZT7stk9Cl3qKcJCybpmBakQgFCOcxmk7lDQA0ocurWvqgUtlIxo+GeN9rbRxxxe6PIWH6t+JCFwpB66jO5Nr5bSXiP959VB1zhsR84JQUY+MFnVCjpWPk8RwmwlKFB9oAkQwfSsmPRBAlM41rUOwpl+eJZXjgmUWrLvTbPFqHEcK7aI9lEMWOkNFdINKqIwIekIv6A29G8/Gq/FpfI1a54zxzA6agPHzC2oZo2A=</latexit>

▸ New methods to expand real diagrams 

▸ New methods to expand virtual diagrams 

▸ Universal limit

[Anastasiou, Dulat, Duhr, BM,13]

[Anastasiou, Dulat, Duhr, Herzog, BM,13,15]

[Anastasiou, Dulat, Duhr, Furlan, Gehrmann, Herzog,BM,14]
[Li,Manteuffel,Schabinger,Zhu]



�̂(3) = �̂(3,�1) + z̄0�̂(3,0) +O(z̄1).
<latexit sha1_base64="lnAW4oChFC5f7jHtMXB6r73L6cY="></latexit><latexit sha1_base64="lnAW4oChFC5f7jHtMXB6r73L6cY="></latexit><latexit sha1_base64="lnAW4oChFC5f7jHtMXB6r73L6cY="></latexit><latexit sha1_base64="lnAW4oChFC5f7jHtMXB6r73L6cY="></latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

▸ Systematic expansion of Feynman diagrams 
at the integrand level

[Anastasiou, Dulat, Duhr, Furlan, Gehrmann, Herzog, BM,14]



�34

They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

+z̄3�̂(3,3) + z̄4�̂(3,4) + z̄5�̂(3,5) + z̄6�̂(3,6) + z̄7�̂(3,7) + z̄8�̂(3,8) + z̄9�̂(3,9) + z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

+z̄3�̂(3,3) + z̄4�̂(3,4) + z̄5�̂(3,5) + z̄6�̂(3,6) + z̄7�̂(3,7) + z̄8�̂(3,8) + z̄9�̂(3,9) + z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit>

+z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

+z̄3�̂(3,3) + z̄4�̂(3,4) + z̄5�̂(3,5) + z̄6�̂(3,6) + z̄7�̂(3,7) + z̄8�̂(3,8) + z̄9�̂(3,9) + z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit>

+z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit>

+z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

+z̄3�̂(3,3) + z̄4�̂(3,4) + z̄5�̂(3,5) + z̄6�̂(3,6) + z̄7�̂(3,7) + z̄8�̂(3,8) + z̄9�̂(3,9) + z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit>

+z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit>

+z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit>

+z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30) +O(z̄31)
<latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>
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They are difficult! - Can we approximate them?

APPROXIMATING INTEGRALS

1027 integrals to compute at N3LO

Expand around the 
production threshold

p1

p2

H

z̄ = 1� m2
h

s
<latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit><latexit sha1_base64="38e3jRVRkUJef5gtxw3Hb4gllNw=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpIUQTdC0Y3LCvYBTQyT6aQdOjMJMxOhhuDGX3HjQhG3foU7/8Zpm4W2HrhwOOde7r0nTBhV2nG+rYXFpeWV1dJaeX1jc2vb3tltqTiVmDRxzGLZCZEijArS1FQz0kkkQTxkpB0Or8Z++55IRWNxq0cJ8TnqCxpRjLSRAnvfC5GED/DCPfEiiXDGg8FdLc9UHtgVp+pMAOeJW5AKKNAI7C+vF+OUE6ExQ0p1XSfRfoakppiRvOyliiQID1GfdA0ViBPlZ5MXcnhklB6MYmlKaDhRf09kiCs14qHp5EgP1Kw3Fv/zuqmOzv2MiiTVRODpoihlUMdwnAfsUUmwZiNDEJbU3ArxAJkktEmtbEJwZ1+eJ61a1XWq7s1ppX5ZxFECB+AQHAMXnIE6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8ATHzlqo=</latexit>

+z̄3�̂(3,3) + z̄4�̂(3,4) + z̄5�̂(3,5) + z̄6�̂(3,6) + z̄7�̂(3,7) + z̄8�̂(3,8) + z̄9�̂(3,9) + z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit><latexit sha1_base64="qm5Y/iUxN4zej4irWxoPQ8CLlW0="></latexit>

+z̄10�̂(3,10) + z̄11�̂(3,11) + z̄12�̂(3,12) + z̄13�̂(3,13) + z̄14�̂(3,14) + z̄15�̂(3,15) + z̄16�̂(3,16) + z̄17�̂(3,17) + z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit><latexit sha1_base64="qcePS4fvCmlWx/HL+KS5/ruqzNo="></latexit>

+z̄18�̂(3,18) + z̄19�̂(3,19) + z̄20�̂(3,20) + z̄21�̂(3,21) + z̄22�̂(3,22) + z̄23�̂(3,23) + z̄24�̂(3,24) + z̄25�̂(3,25) + z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30)
<latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit><latexit sha1_base64="TckeGUM0odvtn6GDaV2mmPRIOX8="></latexit>

+z̄26�̂(3,26) + z̄27�̂(3,27) + z̄28�̂(3,28) + z̄29�̂(3,29) + z̄30�̂(3,30) +O(z̄31)
<latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit><latexit sha1_base64="hYUPsXIMesPaeETa8j7xwF96pHk="></latexit>

�̂(3) = �̂(3,�1) + z̄0�̂(3,0) + z̄1�̂(3,1) + z̄2�̂(3,2)
<latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit><latexit sha1_base64="QggTGBp9kwXrQ9KMItHl7WGXVic=">AAACX3icbZHbSwJBFMZnt4umVls9RS9DEiiV7FpQL4HUS48GeQFX5ew46uDshZlZwZb9J3sLeuk/ab1AunZg4OP7ncOZ+cYJOJPKNL80fWd3bz+TPcjlC4dHx8bJaVP6oSC0QXzui7YDknLm0YZiitN2ICi4DqctZ/Iy560pFZL53ruaBbTrwshjQ0ZAJVbfmNpjULZkIxd6UemuHD9tGje3Vjm+th0Q+KNnppj5h6wUWpuqplC1HOf6RtGsmIvC28JaiSJaVb1vfNoDn4Qu9RThIGXHMgPVjUAoRjiNc3YoaQBkAiPaSaQHLpXdaJFPjK8SZ4CHvkiOp/DCXZ+IwJVy5jpJpwtqLNNsbv7HOqEaPnYj5gWhoh5ZLhqGHCsfz8PGAyYoUXyWCCCCJXfFZAwCiEq+ZB6ClX7ytmhWK5ZZsd7ui7XnVRxZdIEuUQlZ6AHV0CuqowYi6FvTtbxW0H70jH6kG8tWXVvNnKGN0s9/Act+skU=</latexit>

▸ Combine with differential equations
[Dulat, BM,14]
[Anastasiou, Duhr, Dulat, Furlan,  
Gehrmann, Herzog, Lazopoulos, BM,16]



�40COMPUTING CROSS SECTIONS

1. Diagrams and Integrals 
2. Approximating Integrals  
3. Computing Integrals



COMPUTING INTEGRALS �41

▸ How to relate them? 
▸ How to evaluate them? 
▸ How to expand them around different points? 
▸ ….

1750Elliptic Integral: ~ period of the planet

 (z) =

Z z dtp
(1� t2)(1� at2)

<latexit sha1_base64="KrUYRIKr7ZArfaU5eZ0dM1cl90Q=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCu7DMFEE3QtGNywr2Ap22ZNKMBjOZMTkjtMM8hxtfxY0LRdyJG9/GtJ2FtwMhH/9/Dsn5/VhwDY7zac3NLywuLRdWiqtr6xub9tZ2S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLZ/czbx23dMaR7JSxjFrBeSK8kDTgkYaWC7Xqx5eVw58biE/hh7gSI0HUKWevpWQVp2D6Bfq5iL4Alk2cAuOVVnWvgvuDmUUF6Ngf3uDSOahEwCFUTrruvE0EuJAk4Fy4peollM6A25Yl2DkoRM99LpahneN8oQB5EyRwKeqt8nUhJqPQp90xkSuNa/vYn4n9dNIDjupVzGCTBJZw8FicAQ4UlOeMgVoyBGBghV3PwV02tiwgGTZtGE4P5e+S+0alXXqboXh6X6aR5HAe2iPVRGLjpCdXSOGqiJKLpHj+gZvVgP1pP1ar3NWuesfGYH/Sjr4wsxaJ+p</latexit><latexit sha1_base64="KrUYRIKr7ZArfaU5eZ0dM1cl90Q=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCu7DMFEE3QtGNywr2Ap22ZNKMBjOZMTkjtMM8hxtfxY0LRdyJG9/GtJ2FtwMhH/9/Dsn5/VhwDY7zac3NLywuLRdWiqtr6xub9tZ2S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLZ/czbx23dMaR7JSxjFrBeSK8kDTgkYaWC7Xqx5eVw58biE/hh7gSI0HUKWevpWQVp2D6Bfq5iL4Alk2cAuOVVnWvgvuDmUUF6Ngf3uDSOahEwCFUTrruvE0EuJAk4Fy4peollM6A25Yl2DkoRM99LpahneN8oQB5EyRwKeqt8nUhJqPQp90xkSuNa/vYn4n9dNIDjupVzGCTBJZw8FicAQ4UlOeMgVoyBGBghV3PwV02tiwgGTZtGE4P5e+S+0alXXqboXh6X6aR5HAe2iPVRGLjpCdXSOGqiJKLpHj+gZvVgP1pP1ar3NWuesfGYH/Sjr4wsxaJ+p</latexit><latexit sha1_base64="KrUYRIKr7ZArfaU5eZ0dM1cl90Q=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCu7DMFEE3QtGNywr2Ap22ZNKMBjOZMTkjtMM8hxtfxY0LRdyJG9/GtJ2FtwMhH/9/Dsn5/VhwDY7zac3NLywuLRdWiqtr6xub9tZ2S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLZ/czbx23dMaR7JSxjFrBeSK8kDTgkYaWC7Xqx5eVw58biE/hh7gSI0HUKWevpWQVp2D6Bfq5iL4Alk2cAuOVVnWvgvuDmUUF6Ngf3uDSOahEwCFUTrruvE0EuJAk4Fy4peollM6A25Yl2DkoRM99LpahneN8oQB5EyRwKeqt8nUhJqPQp90xkSuNa/vYn4n9dNIDjupVzGCTBJZw8FicAQ4UlOeMgVoyBGBghV3PwV02tiwgGTZtGE4P5e+S+0alXXqboXh6X6aR5HAe2iPVRGLjpCdXSOGqiJKLpHj+gZvVgP1pP1ar3NWuesfGYH/Sjr4wsxaJ+p</latexit><latexit sha1_base64="KrUYRIKr7ZArfaU5eZ0dM1cl90Q=">AAACGnicbZDLSgMxFIYzXmu9jbp0EyxCu7DMFEE3QtGNywr2Ap22ZNKMBjOZMTkjtMM8hxtfxY0LRdyJG9/GtJ2FtwMhH/9/Dsn5/VhwDY7zac3NLywuLRdWiqtr6xub9tZ2S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLZ/czbx23dMaR7JSxjFrBeSK8kDTgkYaWC7Xqx5eVw58biE/hh7gSI0HUKWevpWQVp2D6Bfq5iL4Alk2cAuOVVnWvgvuDmUUF6Ngf3uDSOahEwCFUTrruvE0EuJAk4Fy4peollM6A25Yl2DkoRM99LpahneN8oQB5EyRwKeqt8nUhJqPQp90xkSuNa/vYn4n9dNIDjupVzGCTBJZw8FicAQ4UlOeMgVoyBGBghV3PwV02tiwgGTZtGE4P5e+S+0alXXqboXh6X6aR5HAe2iPVRGLjpCdXSOGqiJKLpHj+gZvVgP1pP1ar3NWuesfGYH/Sjr4wsxaJ+p</latexit>

I(a, b, . . . , c, z) =

Z z dtn
tn � c

· · ·
Z t2 dt1

t1 � b
 (t1)

<latexit sha1_base64="jqDeO3d5sVpZJyv+NJ5903u3/Co="></latexit><latexit sha1_base64="jqDeO3d5sVpZJyv+NJ5903u3/Co="></latexit><latexit sha1_base64="jqDeO3d5sVpZJyv+NJ5903u3/Co="></latexit><latexit sha1_base64="jqDeO3d5sVpZJyv+NJ5903u3/Co="></latexit>

Iterated Elliptic Integral:

Complication: A new class of functions at N3LO



COMPUTING INTEGRALS �42

▸ How to relate them?Iterated Elliptic Integral:

c1I1 + c2I2 + c3I3 = 0?
<latexit sha1_base64="JePktgLjULFaQEFu++v36VFjTAU=">AAACBHicbZDLSgMxFIbPeK31Nuqym2ARBKFMWkE3YtGN7irYC7TDkEnTNjRzIckIZejCja/ixoUibn0Id76NaTsLbT0Q8vH/55Cc348FV9pxvq2l5ZXVtfXcRn5za3tn197bb6gokZTVaSQi2fKJYoKHrK65FqwVS0YCX7CmP7ye+M0HJhWPwns9ipkbkH7Ie5wSbSTPLlAPo1sPn1CvbO4yMlAxULlwLj276JScaaFFwBkUIauaZ391uhFNAhZqKohSbezE2k2J1JwKNs53EsViQoekz9oGQxIw5abTJcboyChd1IukOaFGU/X3REoCpUaBbzoDogdq3puI/3ntRPfO3ZSHcaJZSGcP9RKBdIQmiaAul4xqMTJAqOTmr4gOiCRUm9zyJgQ8v/IiNMol7JTw3WmxepXFkYMCHMIxYDiDKtxADepA4RGe4RXerCfrxXq3PmatS1Y2cwB/yvr8AUbolKU=</latexit><latexit sha1_base64="JePktgLjULFaQEFu++v36VFjTAU=">AAACBHicbZDLSgMxFIbPeK31Nuqym2ARBKFMWkE3YtGN7irYC7TDkEnTNjRzIckIZejCja/ixoUibn0Id76NaTsLbT0Q8vH/55Cc348FV9pxvq2l5ZXVtfXcRn5za3tn197bb6gokZTVaSQi2fKJYoKHrK65FqwVS0YCX7CmP7ye+M0HJhWPwns9ipkbkH7Ie5wSbSTPLlAPo1sPn1CvbO4yMlAxULlwLj276JScaaFFwBkUIauaZ391uhFNAhZqKohSbezE2k2J1JwKNs53EsViQoekz9oGQxIw5abTJcboyChd1IukOaFGU/X3REoCpUaBbzoDogdq3puI/3ntRPfO3ZSHcaJZSGcP9RKBdIQmiaAul4xqMTJAqOTmr4gOiCRUm9zyJgQ8v/IiNMol7JTw3WmxepXFkYMCHMIxYDiDKtxADepA4RGe4RXerCfrxXq3PmatS1Y2cwB/yvr8AUbolKU=</latexit><latexit sha1_base64="JePktgLjULFaQEFu++v36VFjTAU=">AAACBHicbZDLSgMxFIbPeK31Nuqym2ARBKFMWkE3YtGN7irYC7TDkEnTNjRzIckIZejCja/ixoUibn0Id76NaTsLbT0Q8vH/55Cc348FV9pxvq2l5ZXVtfXcRn5za3tn197bb6gokZTVaSQi2fKJYoKHrK65FqwVS0YCX7CmP7ye+M0HJhWPwns9ipkbkH7Ie5wSbSTPLlAPo1sPn1CvbO4yMlAxULlwLj276JScaaFFwBkUIauaZ391uhFNAhZqKohSbezE2k2J1JwKNs53EsViQoekz9oGQxIw5abTJcboyChd1IukOaFGU/X3REoCpUaBbzoDogdq3puI/3ntRPfO3ZSHcaJZSGcP9RKBdIQmiaAul4xqMTJAqOTmr4gOiCRUm9zyJgQ8v/IiNMol7JTw3WmxepXFkYMCHMIxYDiDKtxADepA4RGe4RXerCfrxXq3PmatS1Y2cwB/yvr8AUbolKU=</latexit><latexit sha1_base64="JePktgLjULFaQEFu++v36VFjTAU=">AAACBHicbZDLSgMxFIbPeK31Nuqym2ARBKFMWkE3YtGN7irYC7TDkEnTNjRzIckIZejCja/ixoUibn0Id76NaTsLbT0Q8vH/55Cc348FV9pxvq2l5ZXVtfXcRn5za3tn197bb6gokZTVaSQi2fKJYoKHrK65FqwVS0YCX7CmP7ye+M0HJhWPwns9ipkbkH7Ie5wSbSTPLlAPo1sPn1CvbO4yMlAxULlwLj276JScaaFFwBkUIauaZ391uhFNAhZqKohSbezE2k2J1JwKNs53EsViQoekz9oGQxIw5abTJcboyChd1IukOaFGU/X3REoCpUaBbzoDogdq3puI/3ntRPfO3ZSHcaJZSGcP9RKBdIQmiaAul4xqMTJAqOTmr4gOiCRUm9zyJgQ8v/IiNMol7JTw3WmxepXFkYMCHMIxYDiDKtxADepA4RGe4RXerCfrxXq3PmatS1Y2cwB/yvr8AUbolKU=</latexit>

▸ We know already how to expand around z̄ = 0
<latexit sha1_base64="EDeIpbpCUkHfMBRANRHXD8birJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTJdtMu3Wzi7kaooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Ubz0ypXks7804YX6EA8lDTtFYqd0NUJGnK7dXrrhVdwayTLycVCBHvVf+6vZjmkZMGipQ647nJsbPUBlOBZuUuqlmCdIRDljHUokR0342u3dCTqzSJ2GsbElDZurviQwjrcdRYDsjNEO96E3F/7xOasJLP+MySQ2TdL4oTAUxMZk+T/pcMWrE2BKkittbCR2iQmpsRCUbgrf48jJpnlU9t+rdnVdq13kcRTiCYzgFDy6gBrdQhwZQEPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDK3iPYg==</latexit><latexit sha1_base64="EDeIpbpCUkHfMBRANRHXD8birJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTJdtMu3Wzi7kaooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Ubz0ypXks7804YX6EA8lDTtFYqd0NUJGnK7dXrrhVdwayTLycVCBHvVf+6vZjmkZMGipQ647nJsbPUBlOBZuUuqlmCdIRDljHUokR0342u3dCTqzSJ2GsbElDZurviQwjrcdRYDsjNEO96E3F/7xOasJLP+MySQ2TdL4oTAUxMZk+T/pcMWrE2BKkittbCR2iQmpsRCUbgrf48jJpnlU9t+rdnVdq13kcRTiCYzgFDy6gBrdQhwZQEPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDK3iPYg==</latexit><latexit sha1_base64="EDeIpbpCUkHfMBRANRHXD8birJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTJdtMu3Wzi7kaooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Ubz0ypXks7804YX6EA8lDTtFYqd0NUJGnK7dXrrhVdwayTLycVCBHvVf+6vZjmkZMGipQ647nJsbPUBlOBZuUuqlmCdIRDljHUokR0342u3dCTqzSJ2GsbElDZurviQwjrcdRYDsjNEO96E3F/7xOasJLP+MySQ2TdL4oTAUxMZk+T/pcMWrE2BKkittbCR2iQmpsRCUbgrf48jJpnlU9t+rdnVdq13kcRTiCYzgFDy6gBrdQhwZQEPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDK3iPYg==</latexit><latexit sha1_base64="EDeIpbpCUkHfMBRANRHXD8birJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTJdtMu3Wzi7kaooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0c3Ubz0ypXks7804YX6EA8lDTtFYqd0NUJGnK7dXrrhVdwayTLycVCBHvVf+6vZjmkZMGipQ647nJsbPUBlOBZuUuqlmCdIRDljHUokR0342u3dCTqzSJ2GsbElDZurviQwjrcdRYDsjNEO96E3F/7xOasJLP+MySQ2TdL4oTAUxMZk+T/pcMWrE2BKkittbCR2iQmpsRCUbgrf48jJpnlU9t+rdnVdq13kcRTiCYzgFDy6gBrdQhwZQEPAMr/DmPDgvzrvzMW8tOPnMIfyB8/kDK3iPYg==</latexit>

Ii = ai0 + z̄ai1 + z̄2ai2 + . . .
<latexit sha1_base64="38RUi3mjAa9Yy0cu5HbARBCUxNU=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJoUQTdC0Y3uKtgHtDFMppN26GQSZiZCDfkMN/6KGxeKuO3Ov3GSZqGtFwbOPece7tzjRYxKZVnfRmlpeWV1rbxe2djc2t4xd/faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHG15neeSRC0pDfq0lEnAANOfUpRkpTrnl669JL5CbUSk/6HhLwCWadncKifajnRF3Lg1BJ16xaNSsvuAjsAlRBUU3XnGofjgPCFWZIyp5tRcpJkFAUM5JW+rEkEcJjNCQ9DTkKiHSS/LAUHmlmAP1Q6McVzNnfjgQFUk4CT08GSI3kvJaR/2m9WPkXTkJ5FCvC8WyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nRIdjzJy+Cdr1mWzX77qzauCriKIMDcAiOgQ3OQQPcgCZoAQyewSt4Bx/Gi/FmfBpfs9GSUXj2wZ8ypj83+p6i</latexit><latexit sha1_base64="38RUi3mjAa9Yy0cu5HbARBCUxNU=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJoUQTdC0Y3uKtgHtDFMppN26GQSZiZCDfkMN/6KGxeKuO3Ov3GSZqGtFwbOPece7tzjRYxKZVnfRmlpeWV1rbxe2djc2t4xd/faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHG15neeSRC0pDfq0lEnAANOfUpRkpTrnl669JL5CbUSk/6HhLwCWadncKifajnRF3Lg1BJ16xaNSsvuAjsAlRBUU3XnGofjgPCFWZIyp5tRcpJkFAUM5JW+rEkEcJjNCQ9DTkKiHSS/LAUHmlmAP1Q6McVzNnfjgQFUk4CT08GSI3kvJaR/2m9WPkXTkJ5FCvC8WyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nRIdjzJy+Cdr1mWzX77qzauCriKIMDcAiOgQ3OQQPcgCZoAQyewSt4Bx/Gi/FmfBpfs9GSUXj2wZ8ypj83+p6i</latexit><latexit sha1_base64="38RUi3mjAa9Yy0cu5HbARBCUxNU=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJoUQTdC0Y3uKtgHtDFMppN26GQSZiZCDfkMN/6KGxeKuO3Ov3GSZqGtFwbOPece7tzjRYxKZVnfRmlpeWV1rbxe2djc2t4xd/faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHG15neeSRC0pDfq0lEnAANOfUpRkpTrnl669JL5CbUSk/6HhLwCWadncKifajnRF3Lg1BJ16xaNSsvuAjsAlRBUU3XnGofjgPCFWZIyp5tRcpJkFAUM5JW+rEkEcJjNCQ9DTkKiHSS/LAUHmlmAP1Q6McVzNnfjgQFUk4CT08GSI3kvJaR/2m9WPkXTkJ5FCvC8WyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nRIdjzJy+Cdr1mWzX77qzauCriKIMDcAiOgQ3OQQPcgCZoAQyewSt4Bx/Gi/FmfBpfs9GSUXj2wZ8ypj83+p6i</latexit><latexit sha1_base64="38RUi3mjAa9Yy0cu5HbARBCUxNU=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJoUQTdC0Y3uKtgHtDFMppN26GQSZiZCDfkMN/6KGxeKuO3Ov3GSZqGtFwbOPece7tzjRYxKZVnfRmlpeWV1rbxe2djc2t4xd/faMowFJi0cslB0PSQJo5y0FFWMdCNBUOAx0vHG15neeSRC0pDfq0lEnAANOfUpRkpTrnl669JL5CbUSk/6HhLwCWadncKifajnRF3Lg1BJ16xaNSsvuAjsAlRBUU3XnGofjgPCFWZIyp5tRcpJkFAUM5JW+rEkEcJjNCQ9DTkKiHSS/LAUHmlmAP1Q6McVzNnfjgQFUk4CT08GSI3kvJaR/2m9WPkXTkJ5FCvC8WyRHzOoQpilBAdUEKzYRAOEBdV/hXiEBMJKZ1nRIdjzJy+Cdr1mWzX77qzauCriKIMDcAiOgQ3OQQPcgCZoAQyewSt4Bx/Gi/FmfBpfs9GSUXj2wZ8ypj83+p6i</latexit>

▸ Equations:

▸ Find a solution for any power in    ?z̄<latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit><latexit sha1_base64="gVMSkDeRClWfdDwX4vzIT8/608I=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNlJbzJmdmaZmRViyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsObqd98RG24kvd2lGKY0L7kMWfUOqnRiagmT91S2a/4M5BlEuSkDDlq3dJXp6dYlqC0TFBj2oGf2nBMteVM4KTYyQymlA1pH9uOSpqgCcezayfk1Ck9EivtSloyU39PjGlizCiJXGdC7cAselPxP6+d2fgqHHOZZhYlmy+KM0GsItPXSY9rZFaMHKFMc3crYQOqKbMuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0YPMAzvMKbp7wX7937mLeuePnMEfyB9/kDN8SO4Q==</latexit>

I1 = � 1

c1
(c2I2 + c3I3)

<latexit sha1_base64="yowVg2Nv03R7875axqAHaE87uNM=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmKZtIJuhKIbu6tgL9AOQybNtKGZC0lGKMO8gBtfxY0LRdy6d+fbmLaz0NYfDnz85xyS87sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu6ObSb/9QIVkYXCvxhG1fTwImMcIVtpyzKO6g67Oep7AJEFpQhyUlohTgXVdp8SpaqieOGbRKltTwUVAGRRBpoZjfvX6IYl9GijCsZRdZEXKTrBQjHCaFnqxpBEmIzygXY0B9qm0k+k1KTzWTh96odAVKDh1f28k2Jdy7Lt60sdqKOd7E/O/XjdW3qWdsCCKFQ3I7CEv5lCFcBIN7DNBieJjDZgIpv8KyRDrZJQOsKBDQPMnL0KrUkZWGd2dF2vXWRx5cAAOQQkgcAFq4BY0QBMQ8AiewSt4M56MF+Pd+JiN5oxsZx/8kfH5A965mNw=</latexit><latexit sha1_base64="yowVg2Nv03R7875axqAHaE87uNM=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmKZtIJuhKIbu6tgL9AOQybNtKGZC0lGKMO8gBtfxY0LRdy6d+fbmLaz0NYfDnz85xyS87sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu6ObSb/9QIVkYXCvxhG1fTwImMcIVtpyzKO6g67Oep7AJEFpQhyUlohTgXVdp8SpaqieOGbRKltTwUVAGRRBpoZjfvX6IYl9GijCsZRdZEXKTrBQjHCaFnqxpBEmIzygXY0B9qm0k+k1KTzWTh96odAVKDh1f28k2Jdy7Lt60sdqKOd7E/O/XjdW3qWdsCCKFQ3I7CEv5lCFcBIN7DNBieJjDZgIpv8KyRDrZJQOsKBDQPMnL0KrUkZWGd2dF2vXWRx5cAAOQQkgcAFq4BY0QBMQ8AiewSt4M56MF+Pd+JiN5oxsZx/8kfH5A965mNw=</latexit><latexit sha1_base64="yowVg2Nv03R7875axqAHaE87uNM=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmKZtIJuhKIbu6tgL9AOQybNtKGZC0lGKMO8gBtfxY0LRdy6d+fbmLaz0NYfDnz85xyS87sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu6ObSb/9QIVkYXCvxhG1fTwImMcIVtpyzKO6g67Oep7AJEFpQhyUlohTgXVdp8SpaqieOGbRKltTwUVAGRRBpoZjfvX6IYl9GijCsZRdZEXKTrBQjHCaFnqxpBEmIzygXY0B9qm0k+k1KTzWTh96odAVKDh1f28k2Jdy7Lt60sdqKOd7E/O/XjdW3qWdsCCKFQ3I7CEv5lCFcBIN7DNBieJjDZgIpv8KyRDrZJQOsKBDQPMnL0KrUkZWGd2dF2vXWRx5cAAOQQkgcAFq4BY0QBMQ8AiewSt4M56MF+Pd+JiN5oxsZx/8kfH5A965mNw=</latexit><latexit sha1_base64="yowVg2Nv03R7875axqAHaE87uNM=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVKmKZtIJuhKIbu6tgL9AOQybNtKGZC0lGKMO8gBtfxY0LRdy6d+fbmLaz0NYfDnz85xyS87sRZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvZYMY0Fok4Q8FB0XS8pZQJuKKU47kaDYdzltu6ObSb/9QIVkYXCvxhG1fTwImMcIVtpyzKO6g67Oep7AJEFpQhyUlohTgXVdp8SpaqieOGbRKltTwUVAGRRBpoZjfvX6IYl9GijCsZRdZEXKTrBQjHCaFnqxpBEmIzygXY0B9qm0k+k1KTzWTh96odAVKDh1f28k2Jdy7Lt60sdqKOd7E/O/XjdW3qWdsCCKFQ3I7CEv5lCFcBIN7DNBieJjDZgIpv8KyRDrZJQOsKBDQPMnL0KrUkZWGd2dF2vXWRx5cAAOQQkgcAFq4BY0QBMQ8AiewSt4M56MF+Pd+JiN5oxsZx/8kfH5A965mNw=</latexit>

▸ ~10000 relations with up to 77 integrals per relation.

(a10c1 + a20c2 + a30c3) + z̄(a11c1 + a21c2 + a31c3) + · · · = 0?
<latexit sha1_base64="Pp4GcE0/909lj69VTY4QiYJa9xI="></latexit><latexit sha1_base64="Pp4GcE0/909lj69VTY4QiYJa9xI="></latexit><latexit sha1_base64="Pp4GcE0/909lj69VTY4QiYJa9xI="></latexit><latexit sha1_base64="Pp4GcE0/909lj69VTY4QiYJa9xI="></latexit>



COMPUTING INTEGRALS �43

Iterated Elliptic Integral:

▸ How to relate them? 
▸ How to evaluate them? 
▸ How to expand them around different points? 
▸ ….

First analytic partonic LHC cross section at N3LO
[BM,18]



HOW MANY HIGGS BOSONS 
ARE PRODUCED  
BY THE LHC?

�44
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� = �(0)
<latexit sha1_base64="XMzADIuGuNoJPyAaoczZ6hiLuTY=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWomzIjgm6EohuXFewD2rFk0kwbmmSGJCOUof6KGxeKuPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3ZWVtfWNzYLW8Xtnd29fffgsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqZ+q1HqjSL5b0ZJzQQeCBZxAg2Vuq5pa5mA4Gv5u0hq3ink55b9qreDGiZ+DkpQ456z/3q9mOSCioN4Vjrju8lJsiwMoxwOil2U00TTEZ4QDuWSiyoDrLZ8RN0YpU+imJlSxo0U39vZFhoPRahnRTYDPWiNxX/8zqpiS6DjMkkNVSS+UNRypGJ0TQJ1GeKEsPHlmCimL0VkSFWmBibV9GG4C9+eZk0z6q+V/Xvzsu16zyOAhzBMVTAhwuowS3UoQEExvAMr/DmPDkvzrvzMR9dcfKdEvyB8/kDBSCUVw==</latexit><latexit sha1_base64="XMzADIuGuNoJPyAaoczZ6hiLuTY=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWomzIjgm6EohuXFewD2rFk0kwbmmSGJCOUof6KGxeKuPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3ZWVtfWNzYLW8Xtnd29fffgsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqZ+q1HqjSL5b0ZJzQQeCBZxAg2Vuq5pa5mA4Gv5u0hq3ink55b9qreDGiZ+DkpQ456z/3q9mOSCioN4Vjrju8lJsiwMoxwOil2U00TTEZ4QDuWSiyoDrLZ8RN0YpU+imJlSxo0U39vZFhoPRahnRTYDPWiNxX/8zqpiS6DjMkkNVSS+UNRypGJ0TQJ1GeKEsPHlmCimL0VkSFWmBibV9GG4C9+eZk0z6q+V/Xvzsu16zyOAhzBMVTAhwuowS3UoQEExvAMr/DmPDkvzrvzMR9dcfKdEvyB8/kDBSCUVw==</latexit><latexit sha1_base64="XMzADIuGuNoJPyAaoczZ6hiLuTY=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWomzIjgm6EohuXFewD2rFk0kwbmmSGJCOUof6KGxeKuPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3ZWVtfWNzYLW8Xtnd29fffgsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqZ+q1HqjSL5b0ZJzQQeCBZxAg2Vuq5pa5mA4Gv5u0hq3ink55b9qreDGiZ+DkpQ456z/3q9mOSCioN4Vjrju8lJsiwMoxwOil2U00TTEZ4QDuWSiyoDrLZ8RN0YpU+imJlSxo0U39vZFhoPRahnRTYDPWiNxX/8zqpiS6DjMkkNVSS+UNRypGJ0TQJ1GeKEsPHlmCimL0VkSFWmBibV9GG4C9+eZk0z6q+V/Xvzsu16zyOAhzBMVTAhwuowS3UoQEExvAMr/DmPDkvzrvzMR9dcfKdEvyB8/kDBSCUVw==</latexit><latexit sha1_base64="XMzADIuGuNoJPyAaoczZ6hiLuTY=">AAAB/HicbVDLSgMxFL3js9bXaJdugkWomzIjgm6EohuXFewD2rFk0kwbmmSGJCOUof6KGxeKuPVD3Pk3pu0stPXA5R7OuZfcnDDhTBvP+3ZWVtfWNzYLW8Xtnd29fffgsKnjVBHaIDGPVTvEmnImacMww2k7URSLkNNWOLqZ+q1HqjSL5b0ZJzQQeCBZxAg2Vuq5pa5mA4Gv5u0hq3ink55b9qreDGiZ+DkpQ456z/3q9mOSCioN4Vjrju8lJsiwMoxwOil2U00TTEZ4QDuWSiyoDrLZ8RN0YpU+imJlSxo0U39vZFhoPRahnRTYDPWiNxX/8zqpiS6DjMkkNVSS+UNRypGJ0TQJ1GeKEsPHlmCimL0VkSFWmBibV9GG4C9+eZk0z6q+V/Xvzsu16zyOAhzBMVTAhwuowS3UoQEExvAMr/DmPDkvzrvzMR9dcfKdEvyB8/kDBSCUVw==</latexit>
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(1)
<latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit><latexit sha1_base64="xOT2ClaZU0Mu9oS2ZiMog5ngyeI=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJRNBl0Y3LivYBTRpuppN26OTBzEQooW78FTcuFHHrX7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKCwtr6yuFddLG5tb2zvm7l5TxqkgtEFiHou2D5JyFtGGYorTdiIohD6nLX94PfFbD1RIFkf3apRQN4R+xAJGQGnJMw9OHeDJALy7ro0dyfohdLOKfTL2zLJVtabAi8TOSRnlqHvml9OLSRrSSBEOUnZsK1FuBkIxwum45KSSJkCG0KcdTSMIqXSz6QdjfKyVHg5ioStSeKr+nsgglHIU+rozBDWQ895E/M/rpCq4dDMWJamiEZktClKOVYwnceAeE5QoPtIEiGD6VkwGIIAoHVpJh2DPv7xImmdV26rat+fl2lUeRxEdoiNUQTa6QDV0g+qogQh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwByWGVzg==</latexit>
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<latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit><latexit sha1_base64="Vz1SBE6+tk/Y4W+OlNhoJCDqXA0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARKkJJiqDLohuXFe0DmjTcTCft0MmDmYlQQt34K25cKOLWv3Dn3zhts9DqgQuHc+7l3nv8hDOpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqkgtEliHouOD5JyFtGmYorTTiIohD6nbX90NfXb91RIFkd3apxQN4RBxAJGQGnJMw9OHeDJELzbXg07kg1C6GWV2snEM8tW1ZoB/yV2TsooR8MzP51+TNKQRopwkLJrW4lyMxCKEU4nJSeVNAEyggHtahpBSKWbzT6Y4GOt9HEQC12RwjP150QGoZTj0NedIaihXPSm4n9eN1XBhZuxKEkVjch8UZByrGI8jQP3maBE8bEmQATTt2IyBAFE6dBKOgR78eW/pFWr2lbVvjkr1y/zOIroEB2hCrLROaqja9RATUTQA3pCL+jVeDSejTfjfd5aMPKZffQLxsc3zHiV0A==</latexit>
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▸ Large corrections at low orders 

▸ N3LO seems to stabilise the predictions



▸ Electro-weak corrections. 

▸ Neglected quark mass effects. 

▸ Coupling to bottom, charm quarks. 

▸ Estimate uncertainties. 
 

▸ …

PREDICTIONS FOR THE LHC

0 20 40 60 80 100

0

2

4

6

8

10

12

Collider Energy / TeV

�
i/�

to
ta
l×
1
0
0
%

�(scale)

�(PDF-TH)

�(EW)
�(t,b,c)

�(1/mt)

�(PDF+�s)

Sources of Uncertainty

Much more than QCD corrections

Truncation of perturbative series
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▸ Electro-weak corrections. 

▸ Neglected quark mass effects. 

▸ Coupling to bottom, charm quarks. 

▸ Estimate uncertainties. 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Pessimistic scenario
Optimistic scenario

HL-LHC



THE HIGGS BOSON CROSS SECTION �48



HIGHER ORDER 
COMPUTATION 

�49

For other processes



�50BBH PRODUCTION

Fusion of two bottom quarks to produce a 
Higgs boson

▸ Test of the bottom quark Yukawa coupling 

▸ Bottom quarks treated as part of the proton

H
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<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>



�51BBH PRODUCTION

Fusion of two bottom quarks to produce a 
Higgs boson
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Centre of mass energy [TeV]



�52DRELL-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



�53DRELL-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>
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▸ Currently only photon exchange. 

▸ Interesting perturbative development!

[Duhr,Dulat,BM]
Preliminary

Virtuality of the lepton pair [GeV]



HIGHER ORDER 
COMPUTATION 
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For realistic final states



DIFFERENTIAL CROSS SECTIONS

▸ Inclusive cross sections are 
idealised observables. 

▸ Finite detector volumes and 
resolution. 

▸ Exploring kinematic regimes 
can enhance a signal we are 
interested in.

�55
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NNLO:

Inclusive Higgs ~ CPU seconds

▸ Current understanding of the infrared structure is one limiting 
factor.

DIFFERENTIAL CROSS SECTIONS



�57

NNLO:

Inclusive Higgs ~ CPU seconds

Differential Higgs (pT, Y, etc.) ~ 10-100 CPU hours

▸ Current understanding of the infrared structure is one limiting 
factor.

DIFFERENTIAL CROSS SECTIONS



�58

NNLO:

Inclusive Higgs ~ CPU seconds

Differential Higgs (pT, Y, etc.) ~ 10-100 CPU hours

Differential Higgs+Jet (pT-H) ~ 10^5- 10^6 CPU hours

▸ Current understanding of the infrared structure is one limiting 
factor.

DIFFERENTIAL CROSS SECTIONS

~1 CPU century



▸ IR Divergences:
Z

d4phd
4pg

<latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit>

⇠
Z

dEg

Eg

d cos�1g

1� cos�1g
F (Eg, cos(�1g))

<latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit>

DIFFERENTIAL CROSS SECTIONS



▸ IR Divergences:
Z

d4phd
4pg

<latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit><latexit sha1_base64="lF2JV73zryhB2JVKbfhZ6BG2/6Y=">AAAB/HicbVC7TsMwFL0pr1Je4bGxWFRITFWCKgFbBQtjkSit1IbIcZzWquNEtoNUoopfYWEAxMqHsPE3uG0GaDmS5aNz7pWPT5ByprTjfFulpeWV1bXyemVjc2t7x97du1NJJgltkYQnshNgRTkTtKWZ5rSTSorjgNN2MLya+O0HKhVLxK0epdSLcV+wiBGsjeTbBz0mNArv6yj1B8Xd9+2qU3OmQIvELUgVCjR9+6sXJiSLqdCEY6W6rpNqL8dSM8LpuNLLFE0xGeI+7RoqcEyVl0/Tj9GxUUIUJdIck2Wq/t7IcazUKA7MZIz1QM17E/E/r5vp6NzLmUgzTQWZPRRlHOkETapAIZOUaD4yBBPJTFZEBlhiok1hFVOCO//lRdI6rV3U3Jt6tXFZtFGGQziCE3DhDBpwDU1oAYFHeIZXeLOerBfr3fqYjZasYmcf/sD6/AHo8ZPH</latexit>

⇠
Z

dEg

Eg

d cos�1g

1� cos�1g
F (Eg, cos(�1g))

<latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit><latexit sha1_base64="oLHWaLy1Crg1py8eT8rQI+12iWg="></latexit>

DIFFERENTIAL CROSS SECTIONS

Z 1

0
dEgE

�1�✏
g =

1

�✏
<latexit sha1_base64="l4/HDTaCqEUz3EiKytkuAjn5k6s=">AAACHXicbVBNS8NAEN34WetX1KOXxSJ4aUlEUQ9CUQSPFYwtNGnYbDft0s0m7G6EEvJLvPhXvHhQ8eBF/Ddu24Da+mDg8d4MM/OChFGpLOvLmJtfWFxaLq2UV9fWNzbNre07GacCEwfHLBatAEnCKCeOooqRViIIigJGmsHgcuQ374mQNOa3apgQL0I9TkOKkdKSbx5Dl3LlWx0bdq/8HtTVyap21SWJpCzmOTx3Q4FwZufZj+ibFatmjQFniV2QCijQ8M0PtxvjNCJcYYakbNtWorwMCUUxI3nZTSVJEB6gHmlrylFEpJeN38vhvla6MIyFLq7gWP09kaFIymEU6M4Iqb6c9kbif147VeGpl1GepIpwPFkUpgyqGI6ygl0qCFZsqAnCgupbIe4jnYbSiZZ1CPb0y7PEOayd1eybo0r9okijBHbBHjgANjgBdXANGsABGDyAJ/ACXo1H49l4M94nrXNGMbMD/sD4/AbfWKFg</latexit><latexit sha1_base64="l4/HDTaCqEUz3EiKytkuAjn5k6s=">AAACHXicbVBNS8NAEN34WetX1KOXxSJ4aUlEUQ9CUQSPFYwtNGnYbDft0s0m7G6EEvJLvPhXvHhQ8eBF/Ddu24Da+mDg8d4MM/OChFGpLOvLmJtfWFxaLq2UV9fWNzbNre07GacCEwfHLBatAEnCKCeOooqRViIIigJGmsHgcuQ374mQNOa3apgQL0I9TkOKkdKSbx5Dl3LlWx0bdq/8HtTVyap21SWJpCzmOTx3Q4FwZufZj+ibFatmjQFniV2QCijQ8M0PtxvjNCJcYYakbNtWorwMCUUxI3nZTSVJEB6gHmlrylFEpJeN38vhvla6MIyFLq7gWP09kaFIymEU6M4Iqb6c9kbif147VeGpl1GepIpwPFkUpgyqGI6ygl0qCFZsqAnCgupbIe4jnYbSiZZ1CPb0y7PEOayd1eybo0r9okijBHbBHjgANjgBdXANGsABGDyAJ/ACXo1H49l4M94nrXNGMbMD/sD4/AbfWKFg</latexit><latexit sha1_base64="l4/HDTaCqEUz3EiKytkuAjn5k6s=">AAACHXicbVBNS8NAEN34WetX1KOXxSJ4aUlEUQ9CUQSPFYwtNGnYbDft0s0m7G6EEvJLvPhXvHhQ8eBF/Ddu24Da+mDg8d4MM/OChFGpLOvLmJtfWFxaLq2UV9fWNzbNre07GacCEwfHLBatAEnCKCeOooqRViIIigJGmsHgcuQ374mQNOa3apgQL0I9TkOKkdKSbx5Dl3LlWx0bdq/8HtTVyap21SWJpCzmOTx3Q4FwZufZj+ibFatmjQFniV2QCijQ8M0PtxvjNCJcYYakbNtWorwMCUUxI3nZTSVJEB6gHmlrylFEpJeN38vhvla6MIyFLq7gWP09kaFIymEU6M4Iqb6c9kbif147VeGpl1GepIpwPFkUpgyqGI6ygl0qCFZsqAnCgupbIe4jnYbSiZZ1CPb0y7PEOayd1eybo0r9okijBHbBHjgANjgBdXANGsABGDyAJ/ACXo1H49l4M94nrXNGMbMD/sD4/AbfWKFg</latexit><latexit sha1_base64="l4/HDTaCqEUz3EiKytkuAjn5k6s=">AAACHXicbVBNS8NAEN34WetX1KOXxSJ4aUlEUQ9CUQSPFYwtNGnYbDft0s0m7G6EEvJLvPhXvHhQ8eBF/Ddu24Da+mDg8d4MM/OChFGpLOvLmJtfWFxaLq2UV9fWNzbNre07GacCEwfHLBatAEnCKCeOooqRViIIigJGmsHgcuQ374mQNOa3apgQL0I9TkOKkdKSbx5Dl3LlWx0bdq/8HtTVyap21SWJpCzmOTx3Q4FwZufZj+ibFatmjQFniV2QCijQ8M0PtxvjNCJcYYakbNtWorwMCUUxI3nZTSVJEB6gHmlrylFEpJeN38vhvla6MIyFLq7gWP09kaFIymEU6M4Iqb6c9kbif147VeGpl1GepIpwPFkUpgyqGI6ygl0qCFZsqAnCgupbIe4jnYbSiZZ1CPb0y7PEOayd1eybo0r9okijBHbBHjgANjgBdXANGsABGDyAJ/ACXo1H49l4M94nrXNGMbMD/sD4/AbfWKFg</latexit>

▸ Dimensional Regularisation:
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<latexit sha1_base64="S48CdIa6e3xJtOn27gu6mW+oSqs=">AAACKnicbVDLSgMxFM34tr6qLt0Ei6CbMiOCuhBEEVwqWCt0ypBJ77TBTGZI7ojj0P9x46+40IUWt36IaTsLXwfCPZxzb5J7wlQKg647cCYmp6ZnZufmKwuLS8sr1dW1a5NkmkODJzLRNyEzIIWCBgqUcJNqYHEooRneng795h1oIxJ1hXkK7Zh1lYgEZ2iloHqSBr0jX0KE234IXaEKpjXL+wXvn1Hfp2lwPy75uDz4oDplj69Ft4c7QbXm1t0R6F/ilaRGSlwE1Re/k/AsBoVcMmNanpti216KgkvoV/zMQMr4LetCy1LFYjDtYrRrn25ZpUOjRNujkI7U7xMFi43J49B2xgx75rc3FP/zWhlGB+1CqDRDUHz8UJRJigkdBkc7QgNHmVvCuBb2r5T3mGYcbbwVG4L3e+W/pLFbP6x7l3u145MyjTmyQTbJNvHIPjkm5+SCNAgnj+SZvJF358l5dQbOx7h1wiln1skPOJ9fJrqn2w==</latexit><latexit sha1_base64="S48CdIa6e3xJtOn27gu6mW+oSqs=">AAACKnicbVDLSgMxFM34tr6qLt0Ei6CbMiOCuhBEEVwqWCt0ypBJ77TBTGZI7ojj0P9x46+40IUWt36IaTsLXwfCPZxzb5J7wlQKg647cCYmp6ZnZufmKwuLS8sr1dW1a5NkmkODJzLRNyEzIIWCBgqUcJNqYHEooRneng795h1oIxJ1hXkK7Zh1lYgEZ2iloHqSBr0jX0KE234IXaEKpjXL+wXvn1Hfp2lwPy75uDz4oDplj69Ft4c7QbXm1t0R6F/ilaRGSlwE1Re/k/AsBoVcMmNanpti216KgkvoV/zMQMr4LetCy1LFYjDtYrRrn25ZpUOjRNujkI7U7xMFi43J49B2xgx75rc3FP/zWhlGB+1CqDRDUHz8UJRJigkdBkc7QgNHmVvCuBb2r5T3mGYcbbwVG4L3e+W/pLFbP6x7l3u145MyjTmyQTbJNvHIPjkm5+SCNAgnj+SZvJF358l5dQbOx7h1wiln1skPOJ9fJrqn2w==</latexit><latexit sha1_base64="S48CdIa6e3xJtOn27gu6mW+oSqs=">AAACKnicbVDLSgMxFM34tr6qLt0Ei6CbMiOCuhBEEVwqWCt0ypBJ77TBTGZI7ojj0P9x46+40IUWt36IaTsLXwfCPZxzb5J7wlQKg647cCYmp6ZnZufmKwuLS8sr1dW1a5NkmkODJzLRNyEzIIWCBgqUcJNqYHEooRneng795h1oIxJ1hXkK7Zh1lYgEZ2iloHqSBr0jX0KE234IXaEKpjXL+wXvn1Hfp2lwPy75uDz4oDplj69Ft4c7QbXm1t0R6F/ilaRGSlwE1Re/k/AsBoVcMmNanpti216KgkvoV/zMQMr4LetCy1LFYjDtYrRrn25ZpUOjRNujkI7U7xMFi43J49B2xgx75rc3FP/zWhlGB+1CqDRDUHz8UJRJigkdBkc7QgNHmVvCuBb2r5T3mGYcbbwVG4L3e+W/pLFbP6x7l3u145MyjTmyQTbJNvHIPjkm5+SCNAgnj+SZvJF358l5dQbOx7h1wiln1skPOJ9fJrqn2w==</latexit><latexit sha1_base64="S48CdIa6e3xJtOn27gu6mW+oSqs=">AAACKnicbVDLSgMxFM34tr6qLt0Ei6CbMiOCuhBEEVwqWCt0ypBJ77TBTGZI7ojj0P9x46+40IUWt36IaTsLXwfCPZxzb5J7wlQKg647cCYmp6ZnZufmKwuLS8sr1dW1a5NkmkODJzLRNyEzIIWCBgqUcJNqYHEooRneng795h1oIxJ1hXkK7Zh1lYgEZ2iloHqSBr0jX0KE234IXaEKpjXL+wXvn1Hfp2lwPy75uDz4oDplj69Ft4c7QbXm1t0R6F/ilaRGSlwE1Re/k/AsBoVcMmNanpti216KgkvoV/zMQMr4LetCy1LFYjDtYrRrn25ZpUOjRNujkI7U7xMFi43J49B2xgx75rc3FP/zWhlGB+1CqDRDUHz8UJRJigkdBkc7QgNHmVvCuBb2r5T3mGYcbbwVG4L3e+W/pLFbP6x7l3u145MyjTmyQTbJNvHIPjkm5+SCNAgnj+SZvJF358l5dQbOx7h1wiln1skPOJ9fJrqn2w==</latexit>
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<latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit><latexit sha1_base64="KjzrWSmJR5tCNeStSUtwxrYHtc0="></latexit>

▸ Let’s analytically  
integrate over radiation

▸ Formulae depend on:

[Dulat,BM,Pelloni, 17]
[Dulat,Lionetti,BM,Pelloni,Specchia, 17]



�62DIFFERENTIAL CROSS SECTIONS

Rapidity of the Higgs boson:
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<latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit>

Build on N3LO technology



SO WE USE OUR CROSS SECTION MACHINE AND COMPUTE! �63
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[Dulat,BM,Pelloni,18]
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Evaluates in minutes!
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HIGGS BOSON RAPIDITY - RATIO

▸ Flat correction throughout entire rapidity range. 

▸ Significant reduction in scale uncertainty.

�66

[Dulat,BM,Pelloni]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS

Typical treatment of singularities in fixed order perturbation theory: 
Example:

Fully Differential Cross Sections

�67

+Integrated Counter Term

� ⇠
Z q2

0
dp2?

1

(p2?)
1+✏

(M(p2?)� M̃(0))
<latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit><latexit sha1_base64="IAd8yVk4rDwHBHyBvkYvJkVtNUo="></latexit>

Divergence

Matrix Element

Local Counter Term



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS
Fully Differential Cross Sections

�68

+Integrated Counter Term

Divergence Local Counter Term

Measurement Function

Integrate over n-partons

�J ⇠
Z

d�n(M(�n,�Born)J(�n,�Born)� M̃(�n,�Born)J(0,�Born))
<latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit>

IRC - Safety: J(�n,�Born) ! J(0,�Born)
<latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit><latexit sha1_base64="OSRJQI2yaILcETb1irG0AJDbtD8=">AAACKHicbVDLSgMxFM34rPVVdekmWIQKUmZE0J2lbqSrCvYBnVIyadqGZpIhuaOWoZ/jxl9xI6JIt36J6WOhbQ+EHM45l+SeIBLcgOuOnJXVtfWNzdRWentnd28/c3BYNSrWlFWoEkrXA2KY4JJVgINg9UgzEgaC1YL+7divPTJtuJIPMIhYMyRdyTucErBSK3NTyvlRj7fk+eRKfGDPkBSVlsPhma95twdEa/WESzl3WaSVybp5dwK8SLwZyaIZyq3Mh99WNA6ZBCqIMQ3PjaCZEA2cCjZM+7FhEaF90mUNSyUJmWkmk0WH+NQqbdxR2h4JeKL+nUhIaMwgDGwyJNAz895YXOY1YuhcNxMuoxiYpNOHOrHAoPC4NdzmmlEQA0sI1dz+FdMe0YSC7TZtS/DmV14k1Yu85+a9+8tsoTirI4WO0QnKIQ9doQK6Q2VUQRS9oDf0ib6cV+fd+XZG0+iKM5s5Qv/g/PwCM4WnSg==</latexit>

in singular limits

Typical treatment of singularities in fixed order perturbation theory: 
More general example:



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

�69

+Integrated Counter Term

�J ⇠
Z

d�n(M(�n,�Born)J(�n,�Born)� M̃(�n,�Born)J(0,�Born))
<latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit><latexit sha1_base64="gEtEmP0nZX9oYm3DSNLh6UegsTU="></latexit>

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

�70

�J ⇠
Z

d�nM(�n,�Born)
h
J(�n,�Born)� J(0,�Born)

i

<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term
M̃(�n,�Born) = M(�n,�Born)

<latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit>

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

�71

�J ⇠
Z

d�nM(�n,�Born)
h
J(�n,�Born)� J(0,�Born)

i

<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term
M̃(�n,�Born) = M(�n,�Born)

<latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit><latexit sha1_base64="6CEyc7E8UmO77Lxr1lqz/xx0W2w=">AAACLHicfVBNSwMxEM36WetX1aOXYBEUpOyKoBehtBcvQgXbCt1Ssum0DWazSzIrlqU/yIt/RRAPFvHq7zD9OGgrPhjm8d4MybwglsKg6w6dhcWl5ZXVzFp2fWNzazu3s1szUaI5VHkkI30XMANSKKiiQAl3sQYWBhLqwX155NcfQBsRqVvsx9AMWVeJjuAMrdTKlX0Usg30+siPe6KlTsYt9REeMS1FWg0Gx/Tyf7uVy7sFdww6T7wpyZMpKq3cq9+OeBKCQi6ZMQ3PjbGZMo2CSxhk/cRAzPg960LDUsVCMM10fOyAHlqlTTuRtqWQjtWfGykLjemHgZ0MGfbMrDcS//IaCXYumqlQcYKg+OShTiIpRnSUHG0LDRxl3xLGtbB/pbzHNONo883aELzZk+dJ7bTguQXv5ixfLE3jyJB9ckCOiEfOSZFckQqpEk6eyAt5J0Pn2XlzPpzPyeiCM93ZI7/gfH0DDOSoGA==</latexit>

•Fully local subtraction 

•No large numerical discrepancy between local CT and matrix element possible 

•Successfully used in DIS - like processes (VBF H / HH @ N3LO, differential DIS) 

•Need to know Integrated Counter Term exactly. Hard!! 

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]



DIFFERENTIAL CROSS SECTIONS

SUBTRACTION ALGORITHMS - PROJECTION TO BORN

The perfect subtraction algorithm!

Fully Differential Cross Sections

�72

�J ⇠
Z

d�nM(�n,�Born)
h
J(�n,�Born)� J(0,�Born)

i

<latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit><latexit sha1_base64="ZPqJVAbG1Abe2P0tNknO+sW2CkU="></latexit>

+Integrated Counter Term

[Cacciari,Dreyer,Karlberg,Salam,Zanderighi]

d�

dzdY
<latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit><latexit sha1_base64="lrywTdZUfu47QmTRy93Whz/A2pQ=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRPJVEBD0WvXisYFulCWWz2bRLd5OwuxFqCPhXvHhQxKu/w5v/xm2bg7Y+GHi8N8PMvCDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7AinIW07ZmmtO7VFIsAk67wehq4ncfqFQsiW/1OKW+wIOYRYxgbaS+feBFEpM89BQbCFzk4SMK74u+XXcazhRokbglqUOJVt/+8sKEZILGmnCsVM91Uu3nWGpGOC1qXqZoiskID2jP0BgLqvx8en6Bjo0SoiiRpmKNpurviRwLpcYiMJ0C66Ga9ybif14v09GFn7M4zTSNyWxRlHGkEzTJAoVMUqL52BBMJDO3IjLEJg9tEquZENz5lxdJ57ThOg335qzevCzjqMIhHMEJuHAOTbiGFrSBQA7P8Apv1pP1Yr1bH7PWilXO7MMfWJ8/sgiV8Q==</latexit>

�Born = {z, Y }
<latexit sha1_base64="HcqU2xL1nMI+7yys7pHnmrL+RrU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCBymJCHoRSr14rGA/pAlhs922SzebsDsRawh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5QcyZAtv+NgoLi0vLK8XV0tr6xuaWub3TVFEiCW2QiEeyHWBFORO0AQw4bceS4jDgtBUML8d+645KxSJxA6OYeiHuC9ZjBIOWfHPPjQfMT12g95DWIimy7MJNH45v3cw3y3bFnsCaJ05OyihH3Te/3G5EkpAKIBwr1XHsGLwUS2CE06zkJorGmAxxn3Y0FTikyksnP2TWoVa6Vi+SugRYE/X3RIpDpUZhoDtDDAM1643F/7xOAr1zL2UiToAKMl3US7gFkTUOxOoySQnwkSaYSKZvtcgAS0xAx1bSITizL8+T5knFsSvO9Wm5WsvjKKJ9dICOkIPOUBVdoTpqIIIe0TN6RW/Gk/FivBsf09aCkc/soj8wPn8AxgyYOQ==</latexit><latexit sha1_base64="HcqU2xL1nMI+7yys7pHnmrL+RrU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCBymJCHoRSr14rGA/pAlhs922SzebsDsRawh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5QcyZAtv+NgoLi0vLK8XV0tr6xuaWub3TVFEiCW2QiEeyHWBFORO0AQw4bceS4jDgtBUML8d+645KxSJxA6OYeiHuC9ZjBIOWfHPPjQfMT12g95DWIimy7MJNH45v3cw3y3bFnsCaJ05OyihH3Te/3G5EkpAKIBwr1XHsGLwUS2CE06zkJorGmAxxn3Y0FTikyksnP2TWoVa6Vi+SugRYE/X3RIpDpUZhoDtDDAM1643F/7xOAr1zL2UiToAKMl3US7gFkTUOxOoySQnwkSaYSKZvtcgAS0xAx1bSITizL8+T5knFsSvO9Wm5WsvjKKJ9dICOkIPOUBVdoTpqIIIe0TN6RW/Gk/FivBsf09aCkc/soj8wPn8AxgyYOQ==</latexit><latexit sha1_base64="HcqU2xL1nMI+7yys7pHnmrL+RrU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCBymJCHoRSr14rGA/pAlhs922SzebsDsRawh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5QcyZAtv+NgoLi0vLK8XV0tr6xuaWub3TVFEiCW2QiEeyHWBFORO0AQw4bceS4jDgtBUML8d+645KxSJxA6OYeiHuC9ZjBIOWfHPPjQfMT12g95DWIimy7MJNH45v3cw3y3bFnsCaJ05OyihH3Te/3G5EkpAKIBwr1XHsGLwUS2CE06zkJorGmAxxn3Y0FTikyksnP2TWoVa6Vi+SugRYE/X3RIpDpUZhoDtDDAM1643F/7xOAr1zL2UiToAKMl3US7gFkTUOxOoySQnwkSaYSKZvtcgAS0xAx1bSITizL8+T5knFsSvO9Wm5WsvjKKJ9dICOkIPOUBVdoTpqIIIe0TN6RW/Gk/FivBsf09aCkc/soj8wPn8AxgyYOQ==</latexit><latexit sha1_base64="HcqU2xL1nMI+7yys7pHnmrL+RrU=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCBymJCHoRSr14rGA/pAlhs922SzebsDsRawh48a948aCIV/+EN/+N2zYHbX0w8Hhvhpl5QcyZAtv+NgoLi0vLK8XV0tr6xuaWub3TVFEiCW2QiEeyHWBFORO0AQw4bceS4jDgtBUML8d+645KxSJxA6OYeiHuC9ZjBIOWfHPPjQfMT12g95DWIimy7MJNH45v3cw3y3bFnsCaJ05OyihH3Te/3G5EkpAKIBwr1XHsGLwUS2CE06zkJorGmAxxn3Y0FTikyksnP2TWoVa6Vi+SugRYE/X3RIpDpUZhoDtDDAM1643F/7xOAr1zL2UiToAKMl3US7gFkTUOxOoySQnwkSaYSKZvtcgAS0xAx1bSITizL8+T5knFsSvO9Wm5WsvjKKJ9dICOkIPOUBVdoTpqIIIe0TN6RW/Gk/FivBsf09aCkc/soj8wPn8AxgyYOQ==</latexit>

For Higgs Boson Production: 

Integrated Counter Term



HIGGS BOSON CROSS SECTIONS �73

CURRENTLY TESTING AT NNLO
▸ Projection-To-Born

YH
<latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit>

H + J
<latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

▸ Define a fiducial volume 

P P ! H +X ! �� +X
<latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit><latexit sha1_base64="wqt24lh/vQxmnTUXKDw10zYXrHE=">AAACF3icbVDLSgMxFM34rPU16tJNsAhCZZgRQZdFN12OYNuBzlDupGkbmswMSUYppX/hxl9x40IRt7rzb0wfi9p6IOHknHu5uSfOOFPadX+sldW19Y3NwlZxe2d3b98+OKyrNJeE1kjKUxnEoChnCa1ppjkNMklBxJw24v7t2G88UKlYmtzrQUYjAd2EdRgBbaSW7fjhuR9K1u1pkDJ9xNVyMP8MuyAETG9cDlp2yXXcCfAy8WakhGbwW/Z32E5JLmiiCQelmp6b6WgIUjPC6agY5opmQPrQpU1DExBURcPJXiN8apQ27qTSnETjiTrfMQSh1EDEplKA7qlFbyz+5zVz3bmOhizJck0TMh3UyTnWKR6HhNtMUqL5wBAgkpm/YtIDCUSbKIsmBG9x5WVSv3A81/HuLkuVm1kcBXSMTtAZ8tAVqqAq8lENEfSEXtAbereerVfrw/qclq5Ys54j9AfW1y9AM59V</latexit>

+Photon Isolation



H ! ��
<latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit><latexit sha1_base64="hKrAONVBvuoXuimZxfu+ZKYxzWc=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFN11WsA9oQrmZTtKhM0mYmSglFDf+ihsXirj1K9z5N07bLLT1wL0czrmXmXuClDOlHefbKq2srq1vlDcrW9s7u3v2/kFbJZkktEUSnshuAIpyFtOWZprTbiopiIDTTjC6mfqdeyoVS+I7PU6pLyCKWcgIaCP17aOGJ1k01CBl8oC9CISAee/bVafmzICXiVuQKirQ7Ntf3iAhmaCxJhyU6rlOqv0cpGaE00nFyxRNgYwgoj1DYxBU+fnshAk+NcoAh4k0FWs8U39v5CCUGovATArQQ7XoTcX/vF6mwys/Z3GaaRqT+UNhxrFO8DQPPGCSEs3HhgCRzPwVkyFIINqkVjEhuIsnL5P2ec11au7tRbV+XcRRRsfoBJ0hF12iOmqgJmohgh7RM3pFb9aT9WK9Wx/z0ZJV7ByiP7A+fwBuqJdw</latexit>

▸ Leading Photon Y 

▸ Extension to N3LO in 
progress 

▸ Combination with other 
uncertainties required! 
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In collaboration with [Chen,Dulat,Gehrmann, Glover,Huss,Pelloni]

HIGGS BOSON DIFFERENTIAL CROSS SECTIONS



OUTLOOK �75

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.

Precision calculations

▸ N3LO  
is the precision frontier

▸ Improve understanding of QFT
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▸ 2600000 Higgs bosons  
produced by the LHC 

THANK YOU!

▸ Highest precision predictions
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