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Weak boson fusion
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Processes in which electroweak bosons fuse into electroweak final states are of great interest for studying electroweak 
symmetry breaking.
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We need to provide precise description of such processes in the SM. This requires understanding QCD and 
electroweak corrections. 

Factorizable QCD effects Non-factorizable QCD effects

There are other contributions to Higgs production in WBF that do not fit into this template; we will discuss them later. 

!3

QCD corrections to weak boson fusion

QCD corrections to such processes can be split into factorizable and non-factorizable corrections.
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<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

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

Z,W
<latexit sha1_base64="A7wv9rGICBET5e6XBAR6GsSei5c=">AAAB6nicbVDLSgNBEOz1GeMr6lEPg0HwIGHXix6DXjwmaB6YLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8cC1EbG6w2HC/Yj2lAgFo2il2/uzRqdQdEvuBGSReDNSLB99VL8BoNIpfLa7MUsjrpBJakzLcxP0M6pRMMlH+XZqeELZgPZ4y1JFI278bHLqiJxYpUvCWNtSSCbq74mMRsYMo8B2RhT7Zt4bi/95rRTDSz8TKkmRKzZdFKaSYEzGf5Ou0JyhHFpCmRb2VsL6VFOGNp28DcGbf3mR1M9LnlvyqjaNK5giB4dwDKfgwQWU4QYqUAMGPXiEZ3hxpPPkvDpv09YlZzZzAH/gvP8A2MCPtg==</latexit><latexit sha1_base64="dkW+vXK1LLATPNIyRT2JX5xyJNg=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBQsKujZZBG8sEzQOTJcxOZpMhM7PLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++VklpZXVtey67mNza3tnfzuXk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH899usPVGkWyTsziKkvcFeykBFsrHR7f1Zv5wtu0Z0ALRJvRgqlw1Hl+/FoVG7nP1udiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpqUSC6r9dHLqEJ1YpYPCSNmSBk3U3xMpFloPRGA7BTY9Pe+Nxf+8ZmLCSz9lMk4MlWS6KEw4MhEa/406TFFi+MASTBSztyLSwwoTY9PJ2RC8+ZcXSe286LlFr2LTuIIpsnAAx3AKHlxACW6gDFUg0IUneIFXhzvPzpvzPm3NOLOZffgD5+MHtwWRHA==</latexit><latexit sha1_base64="dkW+vXK1LLATPNIyRT2JX5xyJNg=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBQsKujZZBG8sEzQOTJcxOZpMhM7PLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++VklpZXVtey67mNza3tnfzuXk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH899usPVGkWyTsziKkvcFeykBFsrHR7f1Zv5wtu0Z0ALRJvRgqlw1Hl+/FoVG7nP1udiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpqUSC6r9dHLqEJ1YpYPCSNmSBk3U3xMpFloPRGA7BTY9Pe+Nxf+8ZmLCSz9lMk4MlWS6KEw4MhEa/406TFFi+MASTBSztyLSwwoTY9PJ2RC8+ZcXSe286LlFr2LTuIIpsnAAx3AKHlxACW6gDFUg0IUneIFXhzvPzpvzPm3NOLOZffgD5+MHtwWRHA==</latexit><latexit sha1_base64="rvwM5jz+no1VFdpvu8G8X66ZOOQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8uI5gOTI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOl+8eLdr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq96dW6lf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIxo1x</latexit>

Z,W
<latexit sha1_base64="A7wv9rGICBET5e6XBAR6GsSei5c=">AAAB6nicbVDLSgNBEOz1GeMr6lEPg0HwIGHXix6DXjwmaB6YLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8cC1EbG6w2HC/Yj2lAgFo2il2/uzRqdQdEvuBGSReDNSLB99VL8BoNIpfLa7MUsjrpBJakzLcxP0M6pRMMlH+XZqeELZgPZ4y1JFI278bHLqiJxYpUvCWNtSSCbq74mMRsYMo8B2RhT7Zt4bi/95rRTDSz8TKkmRKzZdFKaSYEzGf5Ou0JyhHFpCmRb2VsL6VFOGNp28DcGbf3mR1M9LnlvyqjaNK5giB4dwDKfgwQWU4QYqUAMGPXiEZ3hxpPPkvDpv09YlZzZzAH/gvP8A2MCPtg==</latexit><latexit sha1_base64="dkW+vXK1LLATPNIyRT2JX5xyJNg=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBQsKujZZBG8sEzQOTJcxOZpMhM7PLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++VklpZXVtey67mNza3tnfzuXk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH899usPVGkWyTsziKkvcFeykBFsrHR7f1Zv5wtu0Z0ALRJvRgqlw1Hl+/FoVG7nP1udiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpqUSC6r9dHLqEJ1YpYPCSNmSBk3U3xMpFloPRGA7BTY9Pe+Nxf+8ZmLCSz9lMk4MlWS6KEw4MhEa/406TFFi+MASTBSztyLSwwoTY9PJ2RC8+ZcXSe286LlFr2LTuIIpsnAAx3AKHlxACW6gDFUg0IUneIFXhzvPzpvzPm3NOLOZffgD5+MHtwWRHA==</latexit><latexit sha1_base64="dkW+vXK1LLATPNIyRT2JX5xyJNg=">AAAB6nicbVC7SgNBFL0bXzG+opaKDAbBQsKujZZBG8sEzQOTJcxOZpMhM7PLzKwQlpSWNhaK2PoR+Q47v8GfcPIoNPHAhcM593LvPUHMmTau++VklpZXVtey67mNza3tnfzuXk1HiSK0SiIeqUaANeVM0qphhtNGrCgWAaf1oH899usPVGkWyTsziKkvcFeykBFsrHR7f1Zv5wtu0Z0ALRJvRgqlw1Hl+/FoVG7nP1udiCSCSkM41rrpubHxU6wMI5wOc61E0xiTPu7SpqUSC6r9dHLqEJ1YpYPCSNmSBk3U3xMpFloPRGA7BTY9Pe+Nxf+8ZmLCSz9lMk4MlWS6KEw4MhEa/406TFFi+MASTBSztyLSwwoTY9PJ2RC8+ZcXSe286LlFr2LTuIIpsnAAx3AKHlxACW6gDFUg0IUneIFXhzvPzpvzPm3NOLOZffgD5+MHtwWRHA==</latexit><latexit sha1_base64="rvwM5jz+no1VFdpvu8G8X66ZOOQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgIeHOJpZBG8uI5gOTI+xt5pIle3vH7p4QjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOl+8eLdr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq96dW6lf53EU4QRO4Rw8qEEdbqEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPIxo1x</latexit>
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Factorizable corrections to WBF are very well studied.  One of the reasons is that factorizable contributions  can be 
related to DIS coefficient functions.
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!4

Factorizable QCD corrections to weak boson fusion
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If the DIS structure functions are known up to a certain order in the perturbative expansion in QCD, the WBF cross section can 
be immediately computed through the same perturbative order.  In practice, this has been done  through N3LO in perturbative 
QCD. van Neerven, Zijlstra; Moch, Vermaseren, Vogt

Boltoni, Maltoni, Moch, Zaro;
Karlberg, Dreyer
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Factorizable QCD corrections to weak boson fusion
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q1
<latexit sha1_base64="+h0BdTCYa85T+WIFkxR9LzcUNek=">AAAB6nicbVC7TsNAEFyHVwivACUUJyIkqsimgTKChjIR5CElVnS+nJNTzmdzt0aKrHwCDQUI0fIRfAcdHZ/C5VFAwkgrjWZ2tbsTJFIYdN0vJ7eyura+kd8sbG3v7O4V9w8aJk4143UWy1i3Amq4FIrXUaDkrURzGgWSN4Ph9cRvPnBtRKzucJRwP6J9JULBKFrp9r7rdYslt+xOQZaJNyelyvFH7RsAqt3iZ6cXszTiCpmkxrQ9N0E/oxoFk3xc6KSGJ5QNaZ+3LVU04sbPpqeOyalVeiSMtS2FZKr+nshoZMwoCmxnRHFgFr2J+J/XTjG89DOhkhS5YrNFYSoJxmTyN+kJzRnKkSWUaWFvJWxANWVo0ynYELzFl5dJ47zsuWWvZtO4ghnycAQncAYeXEAFbqAKdWDQh0d4hhdHOk/Oq/M2a80585lD+APn/QcPwI/a</latexit><latexit sha1_base64="D7Ak9yHx+EHAFonSyjaj4ihGDdI=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jFB84BkCbOTTjJkdnadmRXCkqNHLx4U8epH5Du8+Q3+hJPHQRMLGoqqbrq7glhwbVz3y1laXlldW89sZDe3tnd2c3v7VR0limGFRSJS9YBqFFxixXAjsB4rpGEgsBb0r8d+7QGV5pG8M4MY/ZB2Je9wRo2Vbu9bXiuXdwvuBGSReDOSLx6Nyt+Px6NSK/fZbEcsCVEaJqjWDc+NjZ9SZTgTOMw2E40xZX3axYalkoao/XRy6pCcWqVNOpGyJQ2ZqL8nUhpqPQgD2xlS09Pz3lj8z2skpnPpp1zGiUHJpos6iSAmIuO/SZsrZEYMLKFMcXsrYT2qKDM2nawNwZt/eZFUzwueW/DKNo0rmCIDh3ACZ+DBBRThBkpQAQZdeIIXeHWE8+y8Oe/T1iVnNnMAf+B8/ADt9pFA</latexit><latexit sha1_base64="D7Ak9yHx+EHAFonSyjaj4ihGDdI=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crte9Bj04jFB84BkCbOTTjJkdnadmRXCkqNHLx4U8epH5Du8+Q3+hJPHQRMLGoqqbrq7glhwbVz3y1laXlldW89sZDe3tnd2c3v7VR0limGFRSJS9YBqFFxixXAjsB4rpGEgsBb0r8d+7QGV5pG8M4MY/ZB2Je9wRo2Vbu9bXiuXdwvuBGSReDOSLx6Nyt+Px6NSK/fZbEcsCVEaJqjWDc+NjZ9SZTgTOMw2E40xZX3axYalkoao/XRy6pCcWqVNOpGyJQ2ZqL8nUhpqPQgD2xlS09Pz3lj8z2skpnPpp1zGiUHJpos6iSAmIuO/SZsrZEYMLKFMcXsrYT2qKDM2nawNwZt/eZFUzwueW/DKNo0rmCIDh3ACZ+DBBRThBkpQAQZdeIIXeHWE8+y8Oe/T1iVnNnMAf+B8/ADt9pFA</latexit><latexit sha1_base64="imo3cekYwzp28gYBJ+sCXOEYNHY=">AAAB6nicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hGjBRJoyHaZwobttu5uTUjDT/DiQWO8+ou8+W9coAcFXzLJy3szmZkXpoJr47rfTmltfWNzq7xd2dnd2z+oHh61dJIphj5LRKI6IdUouETfcCOwkyqkcSiwHY5vZn77CZXmiXwwkxSDmA4ljzijxkr3j32vX625dXcOskq8gtSgQLNf/eoNEpbFKA0TVOuu56YmyKkynAmcVnqZxpSyMR1i11JJY9RBPj91Ss6sMiBRomxJQ+bq74mcxlpP4tB2xtSM9LI3E//zupmJroKcyzQzKNliUZQJYhIy+5sMuEJmxMQSyhS3txI2oooyY9Op2BC85ZdXSeui7rl1786tNa6LOMpwAqdwDh5cQgNuoQk+MBjCM7zCmyOcF+fd+Vi0lpxi5hj+wPn8Af+3jZU=</latexit>

q2
<latexit sha1_base64="vCQ1u5nb87990ZJNwjVQzVUp7EY=">AAAB6nicbVC7TsNAEFzzDOEVoITiRIREFdlpoIygoUwEeUiJFZ0v6+SU89ncnZEiK59AQwFCtHwE30FHx6dweRSQMNJKo5ld7e4EieDauO6Xs7K6tr6xmdvKb+/s7u0XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheT/zmAyrNY3lnRgn6Ee1LHnJGjZVu77vlbqHoltwpyDLx5qRYOfmofQNAtVv47PRilkYoDRNU67bnJsbPqDKcCRznO6nGhLIh7WPbUkkj1H42PXVMzqzSI2GsbElDpurviYxGWo+iwHZG1Az0ojcR//PaqQkv/YzLJDUo2WxRmApiYjL5m/S4QmbEyBLKFLe3EjagijJj08nbELzFl5dJo1zy3JJXs2lcwQw5OIZTOAcPLqACN1CFOjDowyM8w4sjnCfn1Xmbta4485kj+APn/QcRRI/b</latexit><latexit sha1_base64="D4JcdqQLlTzRpgx9XA9XjmpnkJg=">AAAB6nicbVC7SgNBFL0TXzG+opaKDAbBKuym0TJoY5mgeUCyhNnJbDJkdnadmRXCktLSxkIRWz8i32HnN/gTTh6FJh64cDjnXu69x48F18ZxvlBmZXVtfSO7mdva3tndy+8f1HWUKMpqNBKRavpEM8ElqxluBGvGipHQF6zhD64nfuOBKc0jeWeGMfNC0pM84JQYK93ed0qdfMEpOlPgZeLOSaF8PK5+P56MK538Z7sb0SRk0lBBtG65Tmy8lCjDqWCjXDvRLCZ0QHqsZakkIdNeOj11hM+s0sVBpGxJg6fq74mUhFoPQ992hsT09aI3Ef/zWokJLr2UyzgxTNLZoiAR2ER48jfucsWoEUNLCFXc3oppnyhCjU0nZ0NwF19eJvVS0XWKbtWmcQUzZOEITuEcXLiAMtxABWpAoQdP8AKvSKBn9IbeZ60ZNJ85hD9AHz/vepFB</latexit><latexit sha1_base64="D4JcdqQLlTzRpgx9XA9XjmpnkJg=">AAAB6nicbVC7SgNBFL0TXzG+opaKDAbBKuym0TJoY5mgeUCyhNnJbDJkdnadmRXCktLSxkIRWz8i32HnN/gTTh6FJh64cDjnXu69x48F18ZxvlBmZXVtfSO7mdva3tndy+8f1HWUKMpqNBKRavpEM8ElqxluBGvGipHQF6zhD64nfuOBKc0jeWeGMfNC0pM84JQYK93ed0qdfMEpOlPgZeLOSaF8PK5+P56MK538Z7sb0SRk0lBBtG65Tmy8lCjDqWCjXDvRLCZ0QHqsZakkIdNeOj11hM+s0sVBpGxJg6fq74mUhFoPQ992hsT09aI3Ef/zWokJLr2UyzgxTNLZoiAR2ER48jfucsWoEUNLCFXc3oppnyhCjU0nZ0NwF19eJvVS0XWKbtWmcQUzZOEITuEcXLiAMtxABWpAoQdP8AKvSKBn9IbeZ60ZNJ85hD9AHz/vepFB</latexit><latexit sha1_base64="m5RAGxqqikVZ3d1NHy37VajjDzE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0WhJtLDHKRwIXsrfswYa9vWN3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSKQw6LrfTmFjc2t7p7hb2ts/ODwqH5+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj27nffuLaiFg94jThfkSHSoSCUbTSw6Rf65crbtVdgKwTLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjks1IvNTyhbEyHvGupohE3frY4dUYurDIgYaxtKSQL9fdERiNjplFgOyOKI7PqzcX/vG6K4bWfCZWkyBVbLgpTSTAm87/JQGjOUE4toUwLeythI6opQ5tOyYbgrb68Tlq1qudWvXu3Ur/J4yjCGZzDJXhwBXW4gwY0gcEQnuEV3hzpvDjvzseyteDkM6fwB87nDwFKjZY=</latexit>

Wµ⌫(q
2
1 , q1 · p1)

<latexit sha1_base64="hDhe0MmoZB73Tf5KaWhiY9pJ8ug=">AAACCHicbVC7TsMwFL0pr1JeAUYGLApSkVCVdIGxgoWxSPQhNSVyXLe16jjBdpCqqCMLv8LCwENsiE9g40PYcR8DFI50r47OuVf2PUHMmdKO82ll5uYXFpeyy7mV1bX1DXtzq6aiRBJaJRGPZCPAinImaFUzzWkjlhSHAaf1oH828us3VCoWiUs9iGkrxF3BOoxgbSTf3q37qRcmnkiGhWvfvSodmY480o40in330LfzTtEZA/0l7pTky/tfz28AUPHtD68dkSSkQhOOlWq6TqxbKZaaEU6HOS9RNMakj7u0aajAIVWtdHzIEB0YpY06kTQlNBqrPzdSHCo1CAMzGWLdU7PeSPzPaya6c9JKmYgTTQWZPNRJONIRGqWC2kxSovnAEEwkM39FpIclJtpklzMhuLMn/yW1UtF1iu6FSeMUJsjCDuxBAVw4hjKcQwWqQOAW7uERnqw768F6sV4noxlrurMNv2C9fwNc1Zss</latexit><latexit sha1_base64="hl4Ust4+6g0jbu0bIbdftSZfrIA=">AAACCHicbVC7TsMwFHXKq7Q8AowMWBSkIqEq6QJjBQtjkehDakrkOE5r1XGC7VSqoo4s/AoLAw+xwh+w8SEw4z4GaDnSvTo6517Z93gxo1JZ1qeRWVhcWl7Jrubya+sbm+bWdl1GicCkhiMWiaaHJGGUk5qiipFmLAgKPUYaXu985Df6REga8Ss1iEk7RB1OA4qR0pJr7jXc1AkThyfD4o1rX5ePdYcO9iMFY9c+cs2CVbLGgPPEnpJC5eDr+b2f/6665ofjRzgJCVeYISlbthWrdoqEopiRYc5JJIkR7qEOaWnKUUhkOx0fMoSHWvFhEAldXMGx+nsjRaGUg9DTkyFSXTnrjcT/vFaigtN2SnmcKMLx5KEgYVBFcJQK9KkgWLGBJggLqv8KcRcJhJXOLqdDsGdPnif1csm2SvalTuMMTJAFu2AfFIENTkAFXIAqqAEMbsE9eARPxp3xYLwYr5PRjDHd2QF/YLz9AFV1nKY=</latexit><latexit sha1_base64="hl4Ust4+6g0jbu0bIbdftSZfrIA=">AAACCHicbVC7TsMwFHXKq7Q8AowMWBSkIqEq6QJjBQtjkehDakrkOE5r1XGC7VSqoo4s/AoLAw+xwh+w8SEw4z4GaDnSvTo6517Z93gxo1JZ1qeRWVhcWl7Jrubya+sbm+bWdl1GicCkhiMWiaaHJGGUk5qiipFmLAgKPUYaXu985Df6REga8Ss1iEk7RB1OA4qR0pJr7jXc1AkThyfD4o1rX5ePdYcO9iMFY9c+cs2CVbLGgPPEnpJC5eDr+b2f/6665ofjRzgJCVeYISlbthWrdoqEopiRYc5JJIkR7qEOaWnKUUhkOx0fMoSHWvFhEAldXMGx+nsjRaGUg9DTkyFSXTnrjcT/vFaigtN2SnmcKMLx5KEgYVBFcJQK9KkgWLGBJggLqv8KcRcJhJXOLqdDsGdPnif1csm2SvalTuMMTJAFu2AfFIENTkAFXIAqqAEMbsE9eARPxp3xYLwYr5PRjDHd2QF/YLz9AFV1nKY=</latexit><latexit sha1_base64="Y7J2d+HhBYFj23oFDwfZ5vbqrR4=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqpSKiKu8BYwcJYJPqQmhA5jtNadZxgO0hV1JGFX2FhACFWPoGNv8FtM0DhSPfq6Jx7Zd8TpJwp7ThfVmlpeWV1rbxe2djc2t6xd/c6KskkoW2S8ET2AqwoZ4K2NdOc9lJJcRxw2g1Gl1O/e0+lYom40eOUejEeCBYxgrWRfPuw6+dunLkim9TufHTbODUduiRMNEx9dOLbVafuzAD/ElSQKijQ8u1PN0xIFlOhCcdK9ZGTai/HUjPC6aTiZoqmmIzwgPYNFTimystnh0zgsVFCGCXSlNBwpv7cyHGs1DgOzGSM9VAtelPxP6+f6ejcy5lIM00FmT8UZRzqBE5TgSGTlGg+NgQTycxfIRliiYk22VVMCGjx5L+k06gjp46unWrzooijDA7AEagBBM5AE1yBFmgDAh7AE3gBr9aj9Wy9We/z0ZJV7OyDX7A+vgGSZZhd</latexit>

Wµ⌫(q
2
2 , q2 · p2)

<latexit sha1_base64="rQhUgazRuYD8C3RzfHjq+VzVAlk=">AAACCHicbVC7TsMwFL0pr1JeBUYGLApSkVCVZIGxgoWxSPQhNSVyXLe16jjBdpCqqCMLv8LCwENsiE9g40PYcR8DFI50r47OuVf2PUHMmdK2/Wll5uYXFpeyy7mV1bX1jfzmVk1FiSS0SiIeyUaAFeVM0KpmmtNGLCkOA07rQf9s5NdvqFQsEpd6ENNWiLuCdRjB2kh+frfup16YeCIZFq9998o9Mh15pB1pFPvuoZ8v2CV7DPSXOFNSKO9/Pb8BQMXPf3jtiCQhFZpwrFTTsWPdSrHUjHA6zHmJojEmfdylTUMFDqlqpeNDhujAKG3UiaQpodFY/bmR4lCpQRiYyRDrnpr1RuJ/XjPRnZNWykScaCrI5KFOwpGO0CgV1GaSEs0HhmAimfkrIj0sMdEmu5wJwZk9+S+puSXHLjkXJo1TmCALO7AHRXDgGMpwDhWoAoFbuIdHeLLurAfrxXqdjGas6c42/IL1/g1hfpsv</latexit><latexit sha1_base64="U40Dz5CIOim5JjEr2u4GKfTTCP4=">AAACCHicbVC7TsMwFHXKq7Q8AowMWBSkIqEqyQJjBQtjkehDakrkOG5r1XGC7VSqoo4s/AoLAw+xwh+w8SEw4z4GaDnSvTo6517Z9/gxo1JZ1qeRWVhcWl7Jrubya+sbm+bWdk1GicCkiiMWiYaPJGGUk6qiipFGLAgKfUbqfu985Nf7REga8Ss1iEkrRB1O2xQjpSXP3Kt7qRsmLk+GxRvPuXaOdYcuDiIFY8858syCVbLGgPPEnpJC+eDr+b2f/6545ocbRDgJCVeYISmbthWrVoqEopiRYc5NJIkR7qEOaWrKUUhkKx0fMoSHWglgOxK6uIJj9fdGikIpB6GvJ0OkunLWG4n/ec1EtU9bKeVxogjHk4faCYMqgqNUYEAFwYoNNEFYUP1XiLtIIKx0djkdgj178jypOSXbKtmXOo0zMEEW7IJ9UAQ2OAFlcAEqoAowuAX34BE8GXfGg/FivE5GM8Z0Zwf8gfH2A1oenKk=</latexit><latexit sha1_base64="U40Dz5CIOim5JjEr2u4GKfTTCP4=">AAACCHicbVC7TsMwFHXKq7Q8AowMWBSkIqEqyQJjBQtjkehDakrkOG5r1XGC7VSqoo4s/AoLAw+xwh+w8SEw4z4GaDnSvTo6517Z9/gxo1JZ1qeRWVhcWl7Jrubya+sbm+bWdk1GicCkiiMWiYaPJGGUk6qiipFGLAgKfUbqfu985Nf7REga8Ss1iEkrRB1O2xQjpSXP3Kt7qRsmLk+GxRvPuXaOdYcuDiIFY8858syCVbLGgPPEnpJC+eDr+b2f/6545ocbRDgJCVeYISmbthWrVoqEopiRYc5NJIkR7qEOaWrKUUhkKx0fMoSHWglgOxK6uIJj9fdGikIpB6GvJ0OkunLWG4n/ec1EtU9bKeVxogjHk4faCYMqgqNUYEAFwYoNNEFYUP1XiLtIIKx0djkdgj178jypOSXbKtmXOo0zMEEW7IJ9UAQ2OAFlcAEqoAowuAX34BE8GXfGg/FivE5GM8Z0Zwf8gfH2A1oenKk=</latexit><latexit sha1_base64="ibFg9z/PTOYcGGda8Lcbrmoo8v4=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgpQkG10W3bisYB/QxDCZTNqhk0mch1BCl278FTcuFHHrJ7jzb5w+Flo9cC+Hc+5l5p4oZ1Qqx/mySkvLK6tr5fXKxubW9o69u9eWmRaYtHDGMtGNkCSMctJSVDHSzQVBacRIJxpeTvzOPRGSZvxGjXISpKjPaUIxUkYK7cNOWPip9rke1+5C79Y7NR36OM4UzEPvJLSrTt2ZAv4l7pxUwRzN0P704wzrlHCFGZKy5zq5CgokFMWMjCu+liRHeIj6pGcoRymRQTE9ZAyPjRLDJBOmuIJT9edGgVIpR2lkJlOkBnLRm4j/eT2tkvOgoDzXinA8eyjRDKoMTlKBMRUEKzYyBGFBzV8hHiCBsDLZVUwI7uLJf0nbq7tO3b12qo2LeRxlcACOQA244Aw0wBVoghbA4AE8gRfwaj1az9ab9T4bLVnznX3wC9bHN5cOmGA=</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>
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Within the structure functions approach, very moderate QCD corrections to Higgs production in WBF were found:           
O(-3%)  at NLO, O(-1% ) at NNLO,  O(-0.1) % at N3LO.  

However it is unclear if these results  are relevant for weak boson fusion process as defined and studied at the LHC.  

Indeed, the structure function approach involves integration over partons in the  final state and does not allow us to impose 
constraints on  QCD radiation. This is not ideal since WBF cuts are quite severe ( the WBF cross section after cuts is only 
about 20 percent of the cross section without the WBF cuts) and involve forward tagging jets.   

 For this reason, it is important to perform  a fully differential computation (even within the factorization approximation!) that 
accounts for  WBF cuts on the tagging jets. 

.

p
j1,2
? > 25 GeV, |yj1,2 | < 4.5,

�yj1,j2 = 4.5, mj1,j2 > 600 GeV,

yj1yj2 < 0, �R > 0.4

Typical WBF cuts
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A fully differential NNLO QCD computation within the factorization approximation has been performed using two different 
methods: projection-to-Born and antenna subtraction.     

It was observed that the QCD corrections to the total cross section with WBF cuts are larger, by almost a factor of 3, than  the 
QCD corrections computed in the structure function approximation.   

Corrections to kinematic distributions can be even larger; they are also phase-space dependent. 
.

Cacciari, Dreyer, Karlberg, Salam, Zanderighi

Cruz-Martinez, Glover,  Gehrmann, Huss
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Erratum: Fully Differential Vector-Boson-Fusion Higgs Production
at Next-to-Next-to-Leading Order

[Phys. Rev. Lett. 115, 082002 (2015)]
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(Received 22 February 2018; published 27 March 2018)
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The NLO 3-jet calculation [1] and its POWHEG implementation [2] has been found to have a bug in its virtual terms.
Resolving this bug reduces the impact of the NNLO corrections and they are now of order 4% for the total cross section
(with VBF cuts) and up to 4%–7% in differential distributions. Updated results for the total cross section and differential
distributions are to be found in Table I and Fig. 1, respectively.

FIG. 1. From left to right, differential cross sections for the transverse momentum distributions for the two leading jets, pt;j1 and pt;j2 ,
for the Higgs boson, pt;H , and the distribution for the rapidity separation between the two leading jets, Δyj1;j2 .

TABLE I. Cross sections at LO, NLO, and NNLO for VBF Higgs production, fully inclusively and with VBF cuts. The quoted
uncertainties correspond to scale dependence, while statistical errors at NNLO are about 0.1% with VBF cuts and much smaller without.

σðno cutsÞ [pb] σðVBF cutsÞ [pb]

LO 4.032þ0.057
−0.069 0.957þ0.066

−0.059

NLO 3.929þ0.024
−0.023 0.876þ0.008

−0.018

NNLO 3.888þ0.016
−0.012 0.844þ0.008

−0.008
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Fiducial NNLO QCD cross sections

p
j1,2
? > 25 GeV, |yj1,2 | < 4.5,

�yj1,j2 = 4.5, mj1,j2 > 600 GeV,

yj1yj2 < 0, �R > 0.4
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As we already mentioned, thanks to the connection between Higgs production in WBF and DIS, it is possible to estimate N3LO 
corrections to inclusive WBF cross section since N3LO DIS coefficient functions are known. 

.
Moreover, although we do not quite know how to subtract real-emission singularities at N3LO QCD, the projection-to-Born 
method allows us to construct the fully differential N3LO cross section once the NNLO QCD corrections to single-jet production 
in DIS or WBF  are known.  Such calculation has been done and this implies that N3LO fully differential prediction for WBF is 
within reach. 

Karlberg, Dreyer
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Towards N3LO QCD predictions for WBF

Gehrmann et al. 

An opportunity to make such  high-order predictions  for the WBF process is exciting and  useful — it will enable the  reduction 
of the  theory uncertainty in the description of Higgs production in WBF to below  a percent.  However, it also forces us to think 
about other effects that are neglected currently.
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 Kirill Melnikov                                                                                                              Non-factorizable corrections in weak boson fusion processes

These effects are: 

1) non-factorizable gluon exchanges between incoming quark lines;  

2) t/u channel interferences (identical quarks); they contribute O(5%) at the inclusive level and O(0.5%) once the WBF cuts 
are applied;  

3) HV(jj) final state contribution to WBF final states; they are negligible  after WBF cuts;  

4) contribution of the “single-quark line  processes” to WBF; less than a permille after the VBF cuts; 

.
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Effects beyond the factorization (DIS) approximation 

The majority of these effects can be (and has been)  studied at lower-orders of perturbation theory and the above estimates 
are based on that;  this cannot be done for non-factorizable corrections  as we explain below. The non-factorizable 
contribution is, in a way, a very unique unknown. 



 Kirill Melnikov                                                                                                              Non-factorizable corrections in weak boson fusion processes

It may appear  that non-factorizable corrections contribute at next-to-leading order since the diagram below is definitely not 
zero. 
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Non-factorizable contributions

g
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However, the cross section calculation. requires interference of the one-loop diagram  with the tree level amplitude..
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Non-factorizable contributions
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Non-factorizable contributions

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

H
<latexit sha1_base64="F0ndkRFiHMACnNvAGHXwZHm71hQ=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMGbVImYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+HtJG8+oNI8lndmlKAf0b7kIWfUWKtW6RaKbsmdiiyDN4fi9Wf+6hEAqt3CV6cXszRCaZigWrc9NzF+RpXhTOA430k1JpQNaR/bFiWNUPvZdNAxObVOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk146WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5u8PYK3uPIyNM5Lnlvyam6xfAMz5eAYTuAMPLiAMlSgCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPC4COlQ==</latexit><latexit sha1_base64="FAlAosIQa5DYsJs20oqD86uLjs4=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoE3KBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGN5O8eY9SsVjc6lGCfkT6goWMEm2sWqVbKLoldypnGbw5FK8+7Mvk/cuudgufnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnxDg9J4yleUI7U/d3R0YipUZRYCojogdqMZuY/2XtVIcXfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXHkZGmclzy15NbdYvoaZ8nAEx3AKHpxDGSpQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD/QCQCQ==</latexit><latexit sha1_base64="FAlAosIQa5DYsJs20oqD86uLjs4=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoE3KBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGN5O8eY9SsVjc6lGCfkT6goWMEm2sWqVbKLoldypnGbw5FK8+7Mvk/cuudgufnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnxDg9J4yleUI7U/d3R0YipUZRYCojogdqMZuY/2XtVIcXfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXHkZGmclzy15NbdYvoaZ8nAEx3AKHpxDGSpQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD/QCQCQ==</latexit><latexit sha1_base64="tDL0KQj7rKPwqwJH9dydiNL0U6A=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJtKCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0fuF3n1BpHssHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHNz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/VabqV+l8dRhAu4hGvw4Bbq0IAmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+cOYzI</latexit>

Tr [T a] = 0
<latexit sha1_base64="XHU9wgdroi7XWMHL5CoQpD3RxxA=">AAACC3icbVC7SgNREJ31bXxFLQUZIoJV2LXRRhFsLBUSDWTXcPfmbnLx7oN7Z4WwpLfxA+z8AhsLRWz9ATv/xptHodEDA4dzZpiZE2ZKGnLdL2dqemZ2bn5hsbS0vLK6Vl7fuDRprrmo81SluhEyI5RMRJ0kKdHItGBxqMRVeHM68K9uhTYyTWrUy0QQs04iI8kZWalVrhS+jrGm++grERE2sXbNEH0tO13CAI/QbZV33Ko7BP4l3pjsnGw/PDwCwHmr/Om3U57HIiGumDFNz80oKJgmyZXol/zciIzxG9YRTUsTFgsTFMNf+rhrlTZGqbaVEA7VnxMFi43pxaHtjBl1zaQ3EP/zmjlFh0EhkywnkfDRoihXSCkOgsG21IKT6lnCuJb2VuRdphknG1/JhuBNvvyXXO5XPbfqXdg0jmGEBdiCCuyBBwdwAmdwDnXgcAdP8AKvzr3z7Lw576PWKWc8swm/4Hx8A4nbmvk=</latexit><latexit sha1_base64="XhH4pRgMCCuL2rYnbryKICpdsok=">AAACC3icbVDJSgNBEO1xjXGLehSkSBA8hRkvelECXjxGyAaZMfR0epImPQvdNUIYcvfiB+hHePGgiFd/wJt/Y2c5aOKDgsd7VVTV8xMpNNr2t7W0vLK6tp7byG9ube/sFvb2GzpOFeN1FstYtXyquRQRr6NAyVuJ4jT0JW/6g6ux37zjSos4quEw4V5Ie5EIBKNopE6hmLkqhJoagSt5gNCG2i0FcJXo9RE8uAC7UyjZZXsCWCTOjJQqR49jPFU7hS+3G7M05BEySbVuO3aCXkYVCib5KO+mmieUDWiPtw2NaMi1l01+GcGxUboQxMpUhDBRf09kNNR6GPqmM6TY1/PeWPzPa6cYnHuZiJIUecSmi4JUAsYwDga6QnGGcmgIZUqYW4H1qaIMTXx5E4Iz//IiaZyWHbvs3Jg0LskUOXJIiuSEOOSMVMg1qZI6YeSePJNX8mY9WC/Wu/UxbV2yZjMH5A+szx/nGJy+</latexit><latexit sha1_base64="XhH4pRgMCCuL2rYnbryKICpdsok=">AAACC3icbVDJSgNBEO1xjXGLehSkSBA8hRkvelECXjxGyAaZMfR0epImPQvdNUIYcvfiB+hHePGgiFd/wJt/Y2c5aOKDgsd7VVTV8xMpNNr2t7W0vLK6tp7byG9ube/sFvb2GzpOFeN1FstYtXyquRQRr6NAyVuJ4jT0JW/6g6ux37zjSos4quEw4V5Ie5EIBKNopE6hmLkqhJoagSt5gNCG2i0FcJXo9RE8uAC7UyjZZXsCWCTOjJQqR49jPFU7hS+3G7M05BEySbVuO3aCXkYVCib5KO+mmieUDWiPtw2NaMi1l01+GcGxUboQxMpUhDBRf09kNNR6GPqmM6TY1/PeWPzPa6cYnHuZiJIUecSmi4JUAsYwDga6QnGGcmgIZUqYW4H1qaIMTXx5E4Iz//IiaZyWHbvs3Jg0LskUOXJIiuSEOOSMVMg1qZI6YeSePJNX8mY9WC/Wu/UxbV2yZjMH5A+szx/nGJy+</latexit><latexit sha1_base64="wWAGekHaj+CBmuoffb3FUrkmiOo=">AAACC3icbVC7SgNBFJ2Nrxhfq5Y2lwTBKuzaaKMEbCwj5AXZNcxOZpMhsw9m7gphSW/jr9hYKGLrD9j5N04ehSYeuHA4517uvSdIpdDoON9WYW19Y3OruF3a2d3bP7APj1o6yRTjTZbIRHUCqrkUMW+iQMk7qeI0CiRvB6Obqd9+4EqLJG7gOOV+RAexCAWjaKSeXc49FUFDTcCTPEToQuOeAnhKDIYIPlyB07MrTtWZAVaJuyAVskC9Z395/YRlEY+RSap113VS9HOqUDDJJyUv0zylbEQHvGtoTCOu/Xz2ywROjdKHMFGmYoSZ+nsip5HW4ygwnRHFoV72puJ/XjfD8NLPRZxmyGM2XxRmEjCBaTDQF4ozlGNDKFPC3ApsSBVlaOIrmRDc5ZdXSeu86jpV986p1K4XcRTJCSmTM+KSC1Ijt6ROmoSRR/JMXsmb9WS9WO/Wx7y1YC1mjskfWJ8/lgmYyQ==</latexit>

…and this interference vanishes because of the color conservation. Although we illustrate this for virtual corrections, it is clear 
that this is the feature  of real-emission diagrams as well. 

MLO ⇠ �c3c1 �c4c2
<latexit sha1_base64="u/XrCszwlSQA+E1T9hKR5Pt5l+o="></latexit><latexit sha1_base64="H/xEyTpYUrsxQiz6l0uPml69jIo="></latexit><latexit sha1_base64="H/xEyTpYUrsxQiz6l0uPml69jIo="></latexit><latexit sha1_base64="bHbWJdO/1frPyRB5WayPqNfUh7c=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JUQaGbohsXihXsBZoQJpNJO3QmCTMToYQ8jBtfxY0LL7hw47M4bbOorT8M/HznHM6c308Ylcqyvo2l5ZXVtfXSRnlza3tn19zbb8s4FZi0cMxi0fWRJIxGpKWoYqSbCIK4z0jHH16N651HIiSNowc1SojLUT+iIcVIaeSZ9czBiMHb3MscweHNXQ4dSTl0AsIU8jLsnULs2ZrWZ9iZZrXcMytW1ZoILhq7MBVQqOmZH04Q45STSGGGpOzZVqLcDAlFMSN52UklSRAeoj7paRshTqSbTY7M4bEmAQxjoV+k4ITOTmSISznivu7kSA3kfG0M/6v1UhVeuBmNklSRCE8XhSmDKobjxGBABcGKjbRBWFD9V4gHSCCsdK5lHYI9f/KiadeqtlW1761K47KIowQOwRE4ATY4Bw1wDZqgBTB4Ai/gDbwbz8ar8Wl8TVuXjGLmAPyR8fMLkXujew==</latexit>MNLO ⇠ T a
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<latexit sha1_base64="k1xQBHMn2ZrB3oKwlbYLIzL4C74="></latexit><latexit sha1_base64="reTOKCkh9TRdNOdfsJOmQsPJmg8="></latexit><latexit sha1_base64="reTOKCkh9TRdNOdfsJOmQsPJmg8="></latexit><latexit sha1_base64="/0crMjFJSn6L+62ahyDGbkJcebw=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXJWkChXcFN248FKhN2himEwn7dCZJMxMhBLyKG58FTcuFNGdPo3Ti6CtPwz8fOcczpzfjxmVyrI+jdzC4tLySn61sLa+sbllbu80ZZQITBo4YpFo+0gSRkPSUFQx0o4FQdxnpOUPzkf11j0RkkZhXQ1j4nLUC2lAMVIaeWYldTBi8CrzUkdweH15k0FHUg5h/Q55KfaOIPZszU5/wLEG5cwzi1bJGgvOG3tqimCqmmd+ON0IJ5yECjMkZce2YuWmSCiKGckKTiJJjPAA9UhH2xBxIt10fGAGDzTpwiAS+oUKjunviRRxKYfc150cqb6crY3gf7VOooITN6VhnCgS4smiIGFQRXCUFuxSQbBiQ20QFlT/FeI+EggrnWlBh2DPnjxvmuWSbZXsW6tYPZvGkQd7YB8cAhtUQBVcgBpoAAwewBN4Aa/Go/FsvBnvk9acMZ3ZBX9kfH0DPImhGw==</latexit>

MNLOM⇤
LO

⇠ T a
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c4c2�c2c4 ⇠ Tr[T a] Tr[T a] = 0.
<latexit sha1_base64="Gph3ZxURlQPr69rtvgNcd5jMbYs="></latexit><latexit sha1_base64="MLwCUkVHfQcr9UMb2QDa3L1e46A="></latexit><latexit sha1_base64="MLwCUkVHfQcr9UMb2QDa3L1e46A="></latexit><latexit sha1_base64="8pIBSWDkl+Xeo5ecaTMBmtizDHc="></latexit>

c1
<latexit sha1_base64="VK6NnnkBfRo+jGYtB1z8Z9feC78=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7m1gGbSwTNB+QHHFvs5cs2ds7dueEcOQn2FgoYusvsrPxt7j5KDTxwcDjvRlm5gWJFAZd98vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRq3scJ9yP6ECJUDCKVrpjPa9XLLlldwaySrwFKVVP6t8PAFDrFT+7/ZilEVfIJDWm47kJ+hnVKJjkk0I3NTyhbEQHvGOpohE3fjY7dULOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PsTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOwYbgLb+8SpqXZc8te3WbxjXMkYdTOIML8KACVbiFGjSAwQCe4AVeHek8O2/O+7w15yxmjuEPnI8feQqPbA==</latexit><latexit sha1_base64="YmXWGu3vORBVJM7rgtKxPj0pJ8E=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy1DbCwTNImQHGFvs5cs2ds7dueEcOQn2FgoYmvrv/AX2Nn4W9x8FJr4YODx3gwz84JECoOu++XkVlbX1jfym4Wt7Z3dveL+QdPEqWa8wWIZ67uAGi6F4g0UKPldojmNAslbwfBq4rfuuTYiVrc4Srgf0b4SoWAUrXTDul63WHLL7hRkmXhzUqoc1b/Fe/Wj1i1+dnoxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseuqYnFqlR8JY21JIpurviYxGxoyiwHZGFAdm0ZuI/3ntFMNLPxMqSZErNlsUppJgTCZ/k57QnKEcWUKZFvZWwgZUU4Y2nYINwVt8eZk0z8ueW/bqNo0qzJCHYziBM/DgAipwDTVoAIM+PMATPDvSeXRenNdZa86ZzxzCHzhvP8pLkSg=</latexit><latexit sha1_base64="YmXWGu3vORBVJM7rgtKxPj0pJ8E=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7Gy1DbCwTNImQHGFvs5cs2ds7dueEcOQn2FgoYmvrv/AX2Nn4W9x8FJr4YODx3gwz84JECoOu++XkVlbX1jfym4Wt7Z3dveL+QdPEqWa8wWIZ67uAGi6F4g0UKPldojmNAslbwfBq4rfuuTYiVrc4Srgf0b4SoWAUrXTDul63WHLL7hRkmXhzUqoc1b/Fe/Wj1i1+dnoxSyOukElqTNtzE/QzqlEwyceFTmp4QtmQ9nnbUkUjbvxseuqYnFqlR8JY21JIpurviYxGxoyiwHZGFAdm0ZuI/3ntFMNLPxMqSZErNlsUppJgTCZ/k57QnKEcWUKZFvZWwgZUU4Y2nYINwVt8eZk0z8ueW/bqNo0qzJCHYziBM/DgAipwDTVoAIM+PMATPDvSeXRenNdZa86ZzxzCHzhvP8pLkSg=</latexit><latexit sha1_base64="vNGQbFKC/fH45JZjugOwmzv8HF8=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C1zsGFv77K7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfd877fr9Zonc5BVolfkBoUaParX71BwrMYleWSGdP1aWqDnGkruMRppZcZTBkfsyF2HVUsRhPk81On5MwpAxIl2pWyZK7+nshZbMwkDl1nzOzILHsz8T+vm9noKsiFSjOLii8WRZkkNiGzv8lAaORWThxhXAt3K+Ejphm3Lp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOm9eO/ex6K15BUzx/AH3ucP6mONhw==</latexit>

c2
<latexit sha1_base64="tEKQdSq+QKVprBtmLvOzi1B82Og=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIW7NFoGbSwTNB+QHHFvs5cs2ds7dueEcOQn2FgoYusvsrPxt7j5KDTxwcDjvRlm5gWJFAZd98vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRq3scJ9yP6ECJUDCKVrpjvUqvWHLL7gxklXgLUqqe1L8fAKDWK352+zFLI66QSWpMx3MT9DOqUTDJJ4VuanhC2YgOeMdSRSNu/Gx26oScW6VPwljbUkhm6u+JjEbGjKPAdkYUh2bZm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadgg3BW355lTQrZc8te3WbxjXMkYdTOIML8OASqnALNWgAgwE8wQu8OtJ5dt6c93lrzlnMHMMfOB8/eo6PbQ==</latexit><latexit sha1_base64="p3KXmywtxbbEWQjMcBelJTT9QEI=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA9IljA7uUmGzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4JYcG1c98vJrK1vbG5lt3M7u3v7B/nDo4aOEsWwziIRqVZANQousW64EdiKFdIwENgMRtdTv3mPSvNI3plxjH5IB5L3OaPGSresW+rmC27RnYGsEm9BCuWT2jd/r3xUu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezUyfk3Co90o+ULWnITP09kdJQ63EY2M6QmqFe9qbif147Mf0rP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6eRsCN7yy6ukUSp6btGr2TQqMEcWTuEMLsCDSyjDDVShDgwG8ABP8OwI59F5cV7nrRlnMXMMf+C8/QDLz5Ep</latexit><latexit sha1_base64="p3KXmywtxbbEWQjMcBelJTT9QEI=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMJuGi1DbCwTNA9IljA7uUmGzM4uM7NCWPIJNhaK2Nr6F36BnY3f4uRRaOKBC4dz7uXee4JYcG1c98vJrK1vbG5lt3M7u3v7B/nDo4aOEsWwziIRqVZANQousW64EdiKFdIwENgMRtdTv3mPSvNI3plxjH5IB5L3OaPGSresW+rmC27RnYGsEm9BCuWT2jd/r3xUu/nPTi9iSYjSMEG1bntubPyUKsOZwEmuk2iMKRvRAbYtlTRE7aezUyfk3Co90o+ULWnITP09kdJQ63EY2M6QmqFe9qbif147Mf0rP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6eRsCN7yy6ukUSp6btGr2TQqMEcWTuEMLsCDSyjDDVShDgwG8ABP8OwI59F5cV7nrRlnMXMMf+C8/QDLz5Ep</latexit><latexit sha1_base64="Dpy/t0JB3Z/WJaJM6t9ZjaY9ozY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0l60WPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLG5tb2Tnm3srd/cHjkHp+0dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji5nfudJ1SaJ/LRTFMMYjqSPOKMGis9sEF94Fa9mrcAWSd+QapQoDlwv/rDhGUxSsME1brne6kJcqoMZwJnlX6mMaVsQkfYs1TSGHWQL06dkQurDEmUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8Xmai6yDnMs0MSrZcFGWCmITM/yZDrpAZMbWEMsXtrYSNqaLM2HQqNgR/9eV10q7XfK/m33vVxk0RRxnO4BwuwYcraMAdNKEFDEbwDK/w5gjnxXl3PpatJaeYOYU/cD5/AOvnjYg=</latexit>

c3
<latexit sha1_base64="6KWPq8ms8/sreR0hkpxXBHB7W8A=">AAAB6nicbVA9SwNBEJ2LXzF+RQUbm8UgWIU7LbQM2lgmaD4gOeLeZi5Zsrd37O4J4chPsLFQxNZfZGfjb3HzUWjig4HHezPMzAsSwbVx3S8nt7K6tr6R3yxsbe/s7hX3Dxo6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5M/OYjKs1jeW9GCfoR7UseckaNle5Y96JbLLlldwqyTLw5KVWOat8PAFDtFj87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n01PHZNTq/RIGCtb0pCp+nsio5HWoyiwnRE1A73oTcT/vHZqwis/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0CjYEb/HlZdI4L3tu2avZNK5hhjwcwwmcgQeXUIFbqEIdGPThCV7g1RHOs/PmvM9ac8585hD+wPn4AXwSj24=</latexit><latexit sha1_base64="ffjOzRmI3s22wkKZaB6HhjUqZDs=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqG2FgmaB6QLGF2cpMMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wSx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Z56KTL7hFdwqyTLw5KZSOqt/8vfxR6eQ/292IJSFKwwTVuuW5sfFTqgxnAse5dqIxpmxI+9iyVNIQtZ9OTx2TU6t0SS9StqQhU/X3REpDrUdhYDtDagZ60ZuI/3mtxPSu/JTLODEo2WxRLxHERGTyN+lyhcyIkSWUKW5vJWxAFWXGppOzIXiLLy+T+nnRc4te1aZRhhmycAwncAYeXEIJbqACNWDQhwd4gmdHOI/Oi/M6a80485lD+APn7QfNU5Eq</latexit><latexit sha1_base64="ffjOzRmI3s22wkKZaB6HhjUqZDs=">AAAB6nicbVC7SgNBFL0bXzG+ooKNzWAQrMKuFlqG2FgmaB6QLGF2cpMMmZ1dZmaFsOQTbCwUsbX1L/wCOxu/xcmj0MQDFw7n3Mu99wSx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Z56KTL7hFdwqyTLw5KZSOqt/8vfxR6eQ/292IJSFKwwTVuuW5sfFTqgxnAse5dqIxpmxI+9iyVNIQtZ9OTx2TU6t0SS9StqQhU/X3REpDrUdhYDtDagZ60ZuI/3mtxPSu/JTLODEo2WxRLxHERGTyN+lyhcyIkSWUKW5vJWxAFWXGppOzIXiLLy+T+nnRc4te1aZRhhmycAwncAYeXEIJbqACNWDQhwd4gmdHOI/Oi/M6a80485lD+APn7QfNU5Eq</latexit><latexit sha1_base64="sfWwBSjRObNcUrzzfmIIfK85GfE=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0n0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t3/gHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSA+tf9t2qV/PmIKvEL0gVCjT67ldvkLAs5gqZpMZ0fS/FIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BD85ZdXSeui5ns1/96r1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5A+1rjYk=</latexit>

c4
<latexit sha1_base64="cowP8bU6k15WBc9EMtaiz0B2p0c=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7Iugx6MVjguYByRJnJ73JkNnZZWZWCEs+wYsHRbz6Rd68+C1OHgdNLGgoqrrp7goSwbVx3S8nt7K6tr6R3yxsbe/s7hX3Dxo6ThXDOotFrFoB1Si4xLrhRmArUUijQGAzGN5M/OYjKs1jeW9GCfoR7UseckaNle5Y96JbLLlldwqyTLw5KVWOat8PAFDtFj87vZilEUrDBNW67bmJ8TOqDGcCx4VOqjGhbEj72LZU0gi1n01PHZNTq/RIGCtb0pCp+nsio5HWoyiwnRE1A73oTcT/vHZqwis/4zJJDUo2WxSmgpiYTP4mPa6QGTGyhDLF7a2EDaiizNh0CjYEb/HlZdI4L3tu2avZNK5hhjwcwwmcgQeXUIFbqEIdGPThCV7g1RHOs/PmvM9ac8585hD+wPn4AX2Wj28=</latexit><latexit sha1_base64="uYV3I7GajK4vuXUAEKYOXMgNSrU=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7IugxxIvHBM0DkiXMTjrJkNnZZWZWCEs+wYsHRbx69S/8Am9e/BYnj4MmFjQUVd10dwWx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Z56KTL7hFdwqyTLw5KZSOqt/8vfxR6eQ/292IJSFKwwTVuuW5sfFTqgxnAse5dqIxpmxI+9iyVNIQtZ9OTx2TU6t0SS9StqQhU/X3REpDrUdhYDtDagZ60ZuI/3mtxPSu/JTLODEo2WxRLxHERGTyN+lyhcyIkSWUKW5vJWxAFWXGppOzIXiLLy+T+nnRc4te1aZRhhmycAwncAYeXEIJbqACNWDQhwd4gmdHOI/Oi/M6a80485lD+APn7QfO15Er</latexit><latexit sha1_base64="uYV3I7GajK4vuXUAEKYOXMgNSrU=">AAAB6nicbVDLSgNBEOyNrxhfUcGLl8EgeAq7IugxxIvHBM0DkiXMTjrJkNnZZWZWCEs+wYsHRbx69S/8Am9e/BYnj4MmFjQUVd10dwWx4Nq47peTWVldW9/Ibua2tnd29/L7B3UdJYphjUUiUs2AahRcYs1wI7AZK6RhILARDK8nfuMeleaRvDOjGP2Q9iXvcUaNlW5Z56KTL7hFdwqyTLw5KZSOqt/8vfxR6eQ/292IJSFKwwTVuuW5sfFTqgxnAse5dqIxpmxI+9iyVNIQtZ9OTx2TU6t0SS9StqQhU/X3REpDrUdhYDtDagZ60ZuI/3mtxPSu/JTLODEo2WxRLxHERGTyN+lyhcyIkSWUKW5vJWxAFWXGppOzIXiLLy+T+nnRc4te1aZRhhmycAwncAYeXEIJbqACNWDQhwd4gmdHOI/Oi/M6a80485lD+APn7QfO15Er</latexit><latexit sha1_base64="VxNewgMswYCYk6xZstRDGXtIdiI=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpgfUv+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af+9V6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8Ae7vjYo=</latexit>
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At two loops, the situation changes.  If  the two gluons exchanged between quark lines are in a color-singlet state, the non-
factorizable contribution is non-vanishing.  However, it is color-suppressed relative to factorizable contributions. 
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These estimates suggest that  non-factorizable contributions should be significantly below  1%.  Moreover, it was also argued  
that these contributions must be further suppressed  because they are kinematically disfavoured. As we will see, the 
suppression issue is quite subtle. 
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Non-factorizable contributions
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It is important to scrutinise these claims and to estimate the non-factorizable contributions in a convincing manner since 
we do not have much experience with such effects. 

Since such corrections are of a NNLO type, understanding them  at a fully-differential level requires us to compute the 
double-virtual, real-virtual and double-real contributions. It is clear that the double-real and the real-virtual contributions 
can be managed since they require (at most)  one-loop computations supplemented with NNLO subtraction schemes.  

The double-virtual non-factorizable corrections are a problem since they require a two-loop five-point function with external  
(the Higgs) and internal (weak bosons) masses.  It is impossible to compute such complicated diagrams/amplitudes using 
existing  technology for multi-loop computations. 

!14

Non-factorizable contributions
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However,  WBF kinematics is particular — there are two high-energy jets flying in the opposite directions with relatively 
small transverse momenta.  We also have rapidity gap between the jets, and between the jets and the Higgs. In other 
words, jets are energetic and forward and all (jet and Higgs) transverse momenta are comparable and (fairly) small.   

Is it possible to construct an expansion of the virtual amplitudes by taking into account the smallness of  jets transverse 
momenta relative to their energies?  

!15

Non-factorizable contributions
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<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

pj1,j2? > 25 GeV, |yj1,j)2| < 4.5

|yj1 � yj2 | > 4.5, mj1j2 > 600 GeV
<latexit sha1_base64="SILpBD/O9d7x1vJUE7957jEg6A0="></latexit><latexit sha1_base64="SILpBD/O9d7x1vJUE7957jEg6A0="></latexit><latexit sha1_base64="SILpBD/O9d7x1vJUE7957jEg6A0="></latexit><latexit sha1_base64="SILpBD/O9d7x1vJUE7957jEg6A0="></latexit>

Typical WBF cuts

����
p?p
s

���� ⌧ 1.
<latexit sha1_base64="56dHMK7Tg5hnf1KWbdFlEj9v86Q=">AAACGXicbVC7TsNAEFzzJrwClDQnEBJVZNNAGaChBIkAUhxF58s6OXG2j7s1UmT8GzR8Bi0NBQhRQkXHp3BJKHiNdNJoZlZ7O5FW0pLvv3tj4xOTU9Mzs5W5+YXFperyyqnNciOwITKVmfOIW1QyxQZJUniuDfIkUngWXRwM/LMrNFZm6Qn1NbYS3k1lLAUnJ7WrfqgwJnbNwthwUeh2qNHosgjtpaHCliULjez2hgmlWFBrVzf8mj8E+0uCL7JR3/PvPgDgqF19DTuZyBNMSShubTPwNbUKbkgKhWUlzC1qLi54F5uOpjxB2yqGl5Vs0ykdFmfGvZTYUP0+UfDE2n4SuWTCqWd/ewPxP6+ZU7zbKmSqc8JUjBbFuWKUsUFNrCMNClJ9R7gw0v2ViR53FZErs+JKCH6f/JecbtcCvxYcuzb2YYQZWIN12IIAdqAOh3AEDRBwA/fwCE/erffgPXsvo+iY9zWzCj/gvX0Cxvei8g==</latexit><latexit sha1_base64="TtFjkza5UMH3abHMbu62K1no8Ac=">AAACGXicbVC7SgNBFJ31bXxFLW0Gg2AVdm209NFYKhgNZEOYndxNBmdnx5m7Qlj3N2z8DFsRLBSx1MrCf3HyKNR4YOBwzrncuSfSUlj0/U9vYnJqemZ2br60sLi0vFJeXTu3aWY41HgqU1OPmAUpFNRQoIS6NsCSSMJFdHnU9y+uwViRqjPsaWgmrKNELDhDJ7XKfighRnpDw9gwnutWqMHoIg/tlcHcFgUNjeh0BwkpaVBtlSt+1R+AjpNgRCr7B/791+qjOmmV38N2yrMEFHLJrG0EvsZmzgwKLqEohZkFzfgl60DDUcUSsM18cFlBt5zSpnFq3FNIB+rPiZwl1vaSyCUThl371+uL/3mNDOO9Zi6UzhAUHy6KM0kxpf2aaFsY4Ch7jjBuhPsr5V3mKkJXZsmVEPw9eZyc71QDvxqcujYOyRBzZINskm0SkF2yT47JCakRTm7JA3kmL96d9+S9em/D6IQ3mlknv+B9fANqLqQs</latexit><latexit sha1_base64="TtFjkza5UMH3abHMbu62K1no8Ac=">AAACGXicbVC7SgNBFJ31bXxFLW0Gg2AVdm209NFYKhgNZEOYndxNBmdnx5m7Qlj3N2z8DFsRLBSx1MrCf3HyKNR4YOBwzrncuSfSUlj0/U9vYnJqemZ2br60sLi0vFJeXTu3aWY41HgqU1OPmAUpFNRQoIS6NsCSSMJFdHnU9y+uwViRqjPsaWgmrKNELDhDJ7XKfighRnpDw9gwnutWqMHoIg/tlcHcFgUNjeh0BwkpaVBtlSt+1R+AjpNgRCr7B/791+qjOmmV38N2yrMEFHLJrG0EvsZmzgwKLqEohZkFzfgl60DDUcUSsM18cFlBt5zSpnFq3FNIB+rPiZwl1vaSyCUThl371+uL/3mNDOO9Zi6UzhAUHy6KM0kxpf2aaFsY4Ch7jjBuhPsr5V3mKkJXZsmVEPw9eZyc71QDvxqcujYOyRBzZINskm0SkF2yT47JCakRTm7JA3kmL96d9+S9em/D6IQ3mlknv+B9fANqLqQs</latexit><latexit sha1_base64="3FBXGNv52v2BR+yXX5gfq7r8BCM=">AAACGXicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCtYGItEH1JTVY5701p1EmPfIFUhv8HCr7AwgBAjTPwN7mOAliNZOjrnXF3fEygpDLrut1NYWV1b3yhulra2d3b3yvsHTZOkmkODJzLR7YAZkCKGBgqU0FYaWBRIaAWjq4nfugdtRBLf4lhBN2KDWISCM7RSr+z6EkKkD9QPNeOZ6vkKtMoz39xpzEyeU1+LwXCakJJ61V654lbdKegy8eakQuao98qffj/haQQxcsmM6Xiuwm7GNAouIS/5qQHF+IgNoGNpzCIw3Wx6WU5PrNKnYaLti5FO1d8TGYuMGUeBTUYMh2bRm4j/eZ0Uw4tuJmKVIsR8tihMJcWETmqifaGBoxxbwrgW9q+UD5mtCG2ZJVuCt3jyMmmeVT236t24ldrlvI4iOSLH5JR45JzUyDWpkwbh5JE8k1fy5jw5L8678zGLFpz5zCH5A+frB7iUoK4=</latexit>
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The answer to this question is affirmative. In fact, the leading term in the required expansion is known as  the high-energy 
scattering (Regge) limit.    

We will only need the abelian version of the Regge limit that was extensively studied in the early days of physics at electron-
positron colliders. 

!16

Non-factorizable contributions

g
<latexit sha1_base64="6CZoLmchak7PeUGdbOiCR035cyo=">AAAB6HicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmYB6QLGF20puMmZ1dZmaFsOQLvHhQxKtf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+WdGSfoR3QgecgZNVaqD3rFklt2ZyCrxFuQUvX0o/4NALVe8bPbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHUsljVD72ezQCTm3Sp+EsbIlDZmpvycyGmk9jgLbGVEz1MveVPzP66QmvPIzLpPUoGTzRWEqiInJ9GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc3LsueWvbpN4xrmyMMJnMEFeFCBKtxCDRrAAOERnuHFuXeenFfnbd6acxYzx/AHzvsP2y+PLA==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="QYiVIz1HWeqSAcfYlxshn5OrYrE=">AAAB6HicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmAckS5iddJIxs7PLzKwQlhw9efGgiFe/It/hzW/wJ5w8DppY0FBUddPdFcSCa+O6X05mZXVtfSO7mdva3tndy+8f1HSUKIZVFolINQKqUXCJVcONwEaskIaBwHowuJn49QdUmkfyzgxj9EPak7zLGTVWqvTa+YJbdKcgy8Sbk0LpeFz5fjwZl9v5z1YnYkmI0jBBtW56bmz8lCrDmcBRrpVojCkb0B42LZU0RO2n00NH5MwqHdKNlC1pyFT9PZHSUOthGNjOkJq+XvQm4n9eMzHdKz/lMk4MSjZb1E0EMRGZfE06XCEzYmgJZYrbWwnrU0WZsdnkbAje4svLpHZR9NyiV7FpXMMMWTiCUzgHDy6hBLdQhiowQHiCF3h17p1n5815n7VmnPnMIfyB8/EDuXSQkg==</latexit><latexit sha1_base64="/PJ7Z1iFzXuG81L8a5C962ANKKY=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVao0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPLNYzn</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

H
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pj1,j2? > 25 GeV, |yj1,j)2| < 4.5

|yj1 � yj2 | > 4.5, mj1j2 > 600 GeV
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Sudakov, Lipatov, Gribov, Cheng, Wu, Chang, Ma

Translated to QCD language, these studies imply that  virtual gluons are ``soft’’ so that  leading  high-energy asymptotic is 
obtained by employing the following approximations:  

1) eikonal propagators for quark lines:  

2) eikonal couplings of quarks to gluons: 

3) no longitudinal momenta components in gluon and vector boson propagators:   
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<latexit sha1_base64="cD1KomWrgTLqdHKDbi2vlHH9zy4=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZIuhGKLpxWcFeoFOGTHrahmYyIckIZegbuPFV3LhQxK1bd76NmbYLbf0h8OU/55CcP5KcaeN5387S8srq2npho7i5tb2z6+7tN3SSKgp1mvBEtSKigTMBdcMMh5ZUQOKIQzMa3uT15gMozRJxb0YSOjHpC9ZjlBhrhe7JEF/hgHA5IFiGmT/GZziIwOS3iuVhGEhQMnRLXtmbCC+CP4MSmqkWul9BN6FpDMJQTrRu+540nYwowyiHcTFINUhCh6QPbYuCxKA72WSfMT62Thf3EmWPMHji/p7ISKz1KI5sZ0zMQM/XcvO/Wjs1vctOxoRMDQg6faiXcmwSnIeDu0wBNXxkgVDF7F8xHRBFqLERFm0I/vzKi9ColH2v7N+dl6rXszgK6BAdoVPkowtURbeohuqIokf0jF7Rm/PkvDjvzse0dcmZzRygP3I+fwBYXppV</latexit><latexit sha1_base64="cD1KomWrgTLqdHKDbi2vlHH9zy4=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZIuhGKLpxWcFeoFOGTHrahmYyIckIZegbuPFV3LhQxK1bd76NmbYLbf0h8OU/55CcP5KcaeN5387S8srq2npho7i5tb2z6+7tN3SSKgp1mvBEtSKigTMBdcMMh5ZUQOKIQzMa3uT15gMozRJxb0YSOjHpC9ZjlBhrhe7JEF/hgHA5IFiGmT/GZziIwOS3iuVhGEhQMnRLXtmbCC+CP4MSmqkWul9BN6FpDMJQTrRu+540nYwowyiHcTFINUhCh6QPbYuCxKA72WSfMT62Thf3EmWPMHji/p7ISKz1KI5sZ0zMQM/XcvO/Wjs1vctOxoRMDQg6faiXcmwSnIeDu0wBNXxkgVDF7F8xHRBFqLERFm0I/vzKi9ColH2v7N+dl6rXszgK6BAdoVPkowtURbeohuqIokf0jF7Rm/PkvDjvzse0dcmZzRygP3I+fwBYXppV</latexit><latexit sha1_base64="cD1KomWrgTLqdHKDbi2vlHH9zy4=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZIuhGKLpxWcFeoFOGTHrahmYyIckIZegbuPFV3LhQxK1bd76NmbYLbf0h8OU/55CcP5KcaeN5387S8srq2npho7i5tb2z6+7tN3SSKgp1mvBEtSKigTMBdcMMh5ZUQOKIQzMa3uT15gMozRJxb0YSOjHpC9ZjlBhrhe7JEF/hgHA5IFiGmT/GZziIwOS3iuVhGEhQMnRLXtmbCC+CP4MSmqkWul9BN6FpDMJQTrRu+540nYwowyiHcTFINUhCh6QPbYuCxKA72WSfMT62Thf3EmWPMHji/p7ISKz1KI5sZ0zMQM/XcvO/Wjs1vctOxoRMDQg6faiXcmwSnIeDu0wBNXxkgVDF7F8xHRBFqLERFm0I/vzKi9ColH2v7N+dl6rXszgK6BAdoVPkowtURbeohuqIokf0jF7Rm/PkvDjvzse0dcmZzRygP3I+fwBYXppV</latexit><latexit sha1_base64="cD1KomWrgTLqdHKDbi2vlHH9zy4=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKIJSZIuhGKLpxWcFeoFOGTHrahmYyIckIZegbuPFV3LhQxK1bd76NmbYLbf0h8OU/55CcP5KcaeN5387S8srq2npho7i5tb2z6+7tN3SSKgp1mvBEtSKigTMBdcMMh5ZUQOKIQzMa3uT15gMozRJxb0YSOjHpC9ZjlBhrhe7JEF/hgHA5IFiGmT/GZziIwOS3iuVhGEhQMnRLXtmbCC+CP4MSmqkWul9BN6FpDMJQTrRu+540nYwowyiHcTFINUhCh6QPbYuCxKA72WSfMT62Thf3EmWPMHji/p7ISKz1KI5sZ0zMQM/XcvO/Wjs1vctOxoRMDQg6faiXcmwSnIeDu0wBNXxkgVDF7F8xHRBFqLERFm0I/vzKi9ColH2v7N+dl6rXszgK6BAdoVPkowtURbeohuqIokf0jF7Rm/PkvDjvzse0dcmZzRygP3I+fwBYXppV</latexit>

p1
<latexit sha1_base64="Tw9NfDegvlkvJ+mqwAGhXNz3At4=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmaB6QLGF20psMmZ1dZmaFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+W9GSfoR3QgecgZNVa6S3per1hyy+4MZJV4C1Kqnn7UvwGg1it+dvsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bnToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1IRXfsZlkhqUbL4oTAUxMZn+TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn23LJXt2lcwxx5OIEzuAAPKlCFW6hBAxgM4BGe4cURzpPz6rzNW3POYuYY/sB5/wEOOo/Z</latexit><latexit sha1_base64="G2nRI9RQJ7VPBa7CQ63Q+R8Mmtw=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmgckS5id9CZDZmeXmVkhhBw9evGgiFc/It/hzW/wJ5w8DppY0FBUddPdFSSCa+O6X05mZXVtfSO7mdva3tndy+8f1HScKoZVFotYNQKqUXCJVcONwEaikEaBwHrQv5n49QdUmsfy3gwS9CPalTzkjBor3SVtr50vuEV3CrJMvDkplI7Hle/Hk3G5nf9sdWKWRigNE1Trpucmxh9SZTgTOMq1Uo0JZX3axaalkkao/eH01BE5s0qHhLGyJQ2Zqr8nhjTSehAFtjOipqcXvYn4n9dMTXjlD7lMUoOSzRaFqSAmJpO/SYcrZEYMLKFMcXsrYT2qKDM2nZwNwVt8eZnULoqeW/QqNo1rmCELR3AK5+DBJZTgFspQBQZdeIIXeHWE8+y8Oe+z1owznzmEP3A+fgDscJE/</latexit><latexit sha1_base64="G2nRI9RQJ7VPBa7CQ63Q+R8Mmtw=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmgckS5id9CZDZmeXmVkhhBw9evGgiFc/It/hzW/wJ5w8DppY0FBUddPdFSSCa+O6X05mZXVtfSO7mdva3tndy+8f1HScKoZVFotYNQKqUXCJVcONwEaikEaBwHrQv5n49QdUmsfy3gwS9CPalTzkjBor3SVtr50vuEV3CrJMvDkplI7Hle/Hk3G5nf9sdWKWRigNE1Trpucmxh9SZTgTOMq1Uo0JZX3axaalkkao/eH01BE5s0qHhLGyJQ2Zqr8nhjTSehAFtjOipqcXvYn4n9dMTXjlD7lMUoOSzRaFqSAmJpO/SYcrZEYMLKFMcXsrYT2qKDM2nZwNwVt8eZnULoqeW/QqNo1rmCELR3AK5+DBJZTgFspQBQZdeIIXeHWE8+y8Oe+z1owznzmEP3A+fgDscJE/</latexit><latexit sha1_base64="ryv5hnunLTqOrMu35lbxOkeQS84=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C1zsGFv77K7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdp32/X63ROp2DrBK/IDUo0OxXv3qDhGcxKsslM6br09QGOdNWcInTSi8zmDI+ZkPsOqpYjCbI56dOyZlTBiRKtCtlyVz9PZGz2JhJHLrOmNmRWfZm4n9eN7PRVZALlWYWFV8sijJJbEJmf5OB0MitnDjCuBbuVsJHTDNuXToVF4K//PIqaV/UfVr372itcV3EUYYTOIVz8OESGnALTWgBhyE8wyu8edJ78d69j0VryStmjuEPvM8f/jGNlA==</latexit>

p2
<latexit sha1_base64="I7LJoXSrIExqoEw2radUUTy0+3U=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7Cbix6DXjwmaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfTm5tfWNzK79d2Nnd2z8oHh41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuDaiFjd4zjhfkQHSoSCUbTSXdKr9Iolt+zOQFaJtyCl6ulH/RsAar3iZ7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZqdOyLlV+iSMtS2FZKb+nshoZMw4CmxnRHFolr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJs1L23LJXt2lcwxx5OIEzuAAPLqEKt1CDBjAYwCM8w4sjnSfn1Xmbt+acxcwx/IHz/gMPvo/a</latexit><latexit sha1_base64="G9q3t2DXlZ2TPiNKxCsmXrcDtfA=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Cru56DHoxWOC5gHJEmYnnWTI7OwyMyuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbHg2rjul7Oyura+sZnZym7v7O7t5w4OazpKFMMqi0SkGgHVKLjEquFGYCNWSMNAYD0Y3Ez8+gMqzSN5b4Yx+iHtSd7ljBor3cXtYjuXdwvuFGSZeHOSL52MK9+Pp+NyO/fZ6kQsCVEaJqjWTc+NjZ9SZTgTOMq2Eo0xZQPaw6alkoao/XR66oicW6VDupGyJQ2Zqr8nUhpqPQwD2xlS09eL3kT8z2smpnvlp1zGiUHJZou6iSAmIpO/SYcrZEYMLaFMcXsrYX2qKDM2nawNwVt8eZnUigXPLXgVm8Y1zJCBYziDC/DgEkpwC2WoAoMePMELvDrCeXbenPdZ64oznzmCP3A+fgDt9JFA</latexit><latexit sha1_base64="G9q3t2DXlZ2TPiNKxCsmXrcDtfA=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Cru56DHoxWOC5gHJEmYnnWTI7OwyMyuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbHg2rjul7Oyura+sZnZym7v7O7t5w4OazpKFMMqi0SkGgHVKLjEquFGYCNWSMNAYD0Y3Ez8+gMqzSN5b4Yx+iHtSd7ljBor3cXtYjuXdwvuFGSZeHOSL52MK9+Pp+NyO/fZ6kQsCVEaJqjWTc+NjZ9SZTgTOMq2Eo0xZQPaw6alkoao/XR66oicW6VDupGyJQ2Zqr8nUhpqPQwD2xlS09eL3kT8z2smpnvlp1zGiUHJZou6iSAmIpO/SYcrZEYMLaFMcXsrYX2qKDM2nawNwVt8eZnUigXPLXgVm8Y1zJCBYziDC/DgEkpwC2WoAoMePMELvDrCeXbenPdZ64oznzmCP3A+fgDt9JFA</latexit><latexit sha1_base64="T6W0IOR3snZl9Wh7noVdC7EaWmc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0l60WPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmljc2t7p7xb2ds/ODxyj0/aJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LJ7dzvPHFtRKIecZryIKYjJSLBKFrpIR3UB27Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItTZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UYXQe5UGmGXLHloiiTBBMy/5sMheYM5dQSyrSwtxI2ppoytOlUbAj+6svrpF2v+V7Nv/eqjZsijjKcwTlcgg9X0IA7aEILGIzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AP+1jZU=</latexit>

Typical WBF cuts
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Since we only need the interference of the two-loop amplitude with the leading order amplitude, the  sum over colors makes 
the contribution abelian, i.e. QED-like. This effective abelianization, together with the eikonal approximation, makes one- 
and two-loop computations quite simple.   
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Non-factorizable contributions
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<latexit sha1_base64="aUN6UfrGJuoKG3zYcqhI9HhZGXY="></latexit><latexit sha1_base64="aUN6UfrGJuoKG3zYcqhI9HhZGXY="></latexit><latexit sha1_base64="aUN6UfrGJuoKG3zYcqhI9HhZGXY="></latexit><latexit sha1_base64="aUN6UfrGJuoKG3zYcqhI9HhZGXY="></latexit>

p1
<latexit sha1_base64="Tw9NfDegvlkvJ+mqwAGhXNz3At4=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7DrJR6DXjwmaB6QLGF20psMmZ1dZmaFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSATXxnW/nNza+sbmVn67sLO7t39QPDxq6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbD6g0j+W9GSfoR3QgecgZNVa6S3per1hyy+4MZJV4C1Kqnn7UvwGg1it+dvsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bnToh51bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1IRXfsZlkhqUbL4oTAUxMZn+TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVn23LJXt2lcwxx5OIEzuAAPKlCFW6hBAxgM4BGe4cURzpPz6rzNW3POYuYY/sB5/wEOOo/Z</latexit><latexit sha1_base64="G2nRI9RQJ7VPBa7CQ63Q+R8Mmtw=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmgckS5id9CZDZmeXmVkhhBw9evGgiFc/It/hzW/wJ5w8DppY0FBUddPdFSSCa+O6X05mZXVtfSO7mdva3tndy+8f1HScKoZVFotYNQKqUXCJVcONwEaikEaBwHrQv5n49QdUmsfy3gwS9CPalTzkjBor3SVtr50vuEV3CrJMvDkplI7Hle/Hk3G5nf9sdWKWRigNE1Trpucmxh9SZTgTOMq1Uo0JZX3axaalkkao/eH01BE5s0qHhLGyJQ2Zqr8nhjTSehAFtjOipqcXvYn4n9dMTXjlD7lMUoOSzRaFqSAmJpO/SYcrZEYMLKFMcXsrYT2qKDM2nZwNwVt8eZnULoqeW/QqNo1rmCELR3AK5+DBJZTgFspQBQZdeIIXeHWE8+y8Oe+z1owznzmEP3A+fgDscJE/</latexit><latexit sha1_base64="G2nRI9RQJ7VPBa7CQ63Q+R8Mmtw=">AAAB6nicbVDLSgNBEOyNrxhfUY+KDAbBU9j1osegF48JmgckS5id9CZDZmeXmVkhhBw9evGgiFc/It/hzW/wJ5w8DppY0FBUddPdFSSCa+O6X05mZXVtfSO7mdva3tndy+8f1HScKoZVFotYNQKqUXCJVcONwEaikEaBwHrQv5n49QdUmsfy3gwS9CPalTzkjBor3SVtr50vuEV3CrJMvDkplI7Hle/Hk3G5nf9sdWKWRigNE1Trpucmxh9SZTgTOMq1Uo0JZX3axaalkkao/eH01BE5s0qHhLGyJQ2Zqr8nhjTSehAFtjOipqcXvYn4n9dMTXjlD7lMUoOSzRaFqSAmJpO/SYcrZEYMLKFMcXsrYT2qKDM2nZwNwVt8eZnULoqeW/QqNo1rmCELR3AK5+DBJZTgFspQBQZdeIIXeHWE8+y8Oe+z1owznzmEP3A+fgDscJE/</latexit><latexit sha1_base64="ryv5hnunLTqOrMu35lbxOkeQS84=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C1zsGFv77K7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXplIYS+m3V1pb39jcKm9Xdnb39g+qh0dtk2SaY4snMtGdkBmUQmHLCiuxk2pkcSjxMRzfzPzHJ9RGJOrBTlIMYjZUIhKcWSfdp32/X63ROp2DrBK/IDUo0OxXv3qDhGcxKsslM6br09QGOdNWcInTSi8zmDI+ZkPsOqpYjCbI56dOyZlTBiRKtCtlyVz9PZGz2JhJHLrOmNmRWfZm4n9eN7PRVZALlWYWFV8sijJJbEJmf5OB0MitnDjCuBbuVsJHTDNuXToVF4K//PIqaV/UfVr372itcV3EUYYTOIVz8OESGnALTWgBhyE8wyu8edJ78d69j0VryStmjuEPvM8f/jGNlA==</latexit>

p2
<latexit sha1_base64="I7LJoXSrIExqoEw2radUUTy0+3U=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7Cbix6DXjwmaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfTm5tfWNzK79d2Nnd2z8oHh41TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuDaiFjd4zjhfkQHSoSCUbTSXdKr9Iolt+zOQFaJtyCl6ulH/RsAar3iZ7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LFU04sbPZqdOyLlV+iSMtS2FZKb+nshoZMw4CmxnRHFolr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJs1L23LJXt2lcwxx5OIEzuAAPLqEKt1CDBjAYwCM8w4sjnSfn1Xmbt+acxcwx/IHz/gMPvo/a</latexit><latexit sha1_base64="G9q3t2DXlZ2TPiNKxCsmXrcDtfA=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Cru56DHoxWOC5gHJEmYnnWTI7OwyMyuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbHg2rjul7Oyura+sZnZym7v7O7t5w4OazpKFMMqi0SkGgHVKLjEquFGYCNWSMNAYD0Y3Ez8+gMqzSN5b4Yx+iHtSd7ljBor3cXtYjuXdwvuFGSZeHOSL52MK9+Pp+NyO/fZ6kQsCVEaJqjWTc+NjZ9SZTgTOMq2Eo0xZQPaw6alkoao/XR66oicW6VDupGyJQ2Zqr8nUhpqPQwD2xlS09eL3kT8z2smpnvlp1zGiUHJZou6iSAmIpO/SYcrZEYMLaFMcXsrYX2qKDM2nawNwVt8eZnUigXPLXgVm8Y1zJCBYziDC/DgEkpwC2WoAoMePMELvDrCeXbenPdZ64oznzmCP3A+fgDt9JFA</latexit><latexit sha1_base64="G9q3t2DXlZ2TPiNKxCsmXrcDtfA=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Cru56DHoxWOC5gHJEmYnnWTI7OwyMyuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbHg2rjul7Oyura+sZnZym7v7O7t5w4OazpKFMMqi0SkGgHVKLjEquFGYCNWSMNAYD0Y3Ez8+gMqzSN5b4Yx+iHtSd7ljBor3cXtYjuXdwvuFGSZeHOSL52MK9+Pp+NyO/fZ6kQsCVEaJqjWTc+NjZ9SZTgTOMq2Eo0xZQPaw6alkoao/XR66oicW6VDupGyJQ2Zqr8nUhpqPQwD2xlS09eL3kT8z2smpnvlp1zGiUHJZou6iSAmIpO/SYcrZEYMLaFMcXsrYX2qKDM2nawNwVt8eZnUigXPLXgVm8Y1zJCBYziDC/DgEkpwC2WoAoMePMELvDrCeXbenPdZ64oznzmCP3A+fgDt9JFA</latexit><latexit sha1_base64="T6W0IOR3snZl9Wh7noVdC7EaWmc=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0l60WPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmljc2t7p7xb2ds/ODxyj0/aJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8LJ7dzvPHFtRKIecZryIKYjJSLBKFrpIR3UB27Vq3kLkHXiF6QKBZoD96s/TFgWc4VMUmN6vpdikFONgkk+q/Qzw1PKJnTEe5YqGnMT5ItTZ+TCKkMSJdqWQrJQf0/kNDZmGoe2M6Y4NqveXPzP62UYXQe5UGmGXLHloiiTBBMy/5sMheYM5dQSyrSwtxI2ppoytOlUbAj+6svrpF2v+V7Nv/eqjZsijjKcwTlcgg9X0IA7aEILGIzgGV7hzZHOi/PufCxbS04xcwp/4Hz+AP+1jZU=</latexit>

k = ↵p1 + �p2 + k?
<latexit sha1_base64="o1DZ4ZYBisO1Lmvi/ZV6n5Oa9TU=">AAACDXicbZA9SwNBEIbn4nf8ilpqsRgFQQh3abQRgjaWCsYEcuHY20ySJXt3y+6eEI78ARv/io2gIrb2dnb+FDcfhSa+sPDwzgyz84ZScG1c98vJzc0vLC4tr+RX19Y3Ngtb27c6SRXDKktEouoh1Sh4jFXDjcC6VEijUGAt7F0M67U7VJon8Y3pS2xGtBPzNmfUWCsoHPTIGfGpkF1KZOCRY+KHaIZcttwLfIlKBoWiW3JHIrPgTaBY2Xu+/gaAq6Dw6bcSlkYYGyao1g3PlaaZUWU4EzjI+6lGSVmPdrBhMaYR6mY2umZADq3TIu1E2RcbMnJ/T2Q00rofhbYzoqarp2tD879aIzXt02bGY5kajNl4UTsVxCRkGA1pcYXMiL4FyhS3fyWsSxVlxgaYtyF40yfPwm255Lkl79qmcQ5jLcMu7MMReHACFbiEK6gCg3t4hBd4dR6cJ+fNeR+35pzJzA78kfPxA4Wdm4o=</latexit><latexit sha1_base64="oMna6sEiOWewpl7sL9MAEdvJHLU=">AAACDXicbZC7SgNBFIZnvcZ4i1oqMhgFQQi7abQRgjaWCZgLZJdldnI2GTK7O8zMCiGktLHxVWyEKGJrb+cz+BJOLoUm/jDw8Z9zOHP+QHCmtG1/WQuLS8srq5m17PrG5tZ2bme3ppJUUqjShCeyERAFnMVQ1UxzaAgJJAo41IPu9ahevwOpWBLf6p4ALyLtmIWMEm0sP3fcxZfYJVx0CBa+g8+wG4AecdFw13cFSOHn8nbBHgvPgzOFfOlgWPm+PxyW/dyn20poGkGsKSdKNR1baK9PpGaUwyDrpgoEoV3ShqbBmESgvP74mgE+MU4Lh4k0L9Z47P6e6JNIqV4UmM6I6I6arY3M/2rNVIcXXp/FItUQ08miMOVYJ3gUDW4xCVTzngFCJTN/xbRDJKHaBJg1ITizJ89DrVhw7IJTMWlcoYkyaB8doVPkoHNUQjeojKqIogf0hF7Qq/VoPVtv1vukdcGazuyhP7I+fgBj4pzw</latexit><latexit sha1_base64="oMna6sEiOWewpl7sL9MAEdvJHLU=">AAACDXicbZC7SgNBFIZnvcZ4i1oqMhgFQQi7abQRgjaWCZgLZJdldnI2GTK7O8zMCiGktLHxVWyEKGJrb+cz+BJOLoUm/jDw8Z9zOHP+QHCmtG1/WQuLS8srq5m17PrG5tZ2bme3ppJUUqjShCeyERAFnMVQ1UxzaAgJJAo41IPu9ahevwOpWBLf6p4ALyLtmIWMEm0sP3fcxZfYJVx0CBa+g8+wG4AecdFw13cFSOHn8nbBHgvPgzOFfOlgWPm+PxyW/dyn20poGkGsKSdKNR1baK9PpGaUwyDrpgoEoV3ShqbBmESgvP74mgE+MU4Lh4k0L9Z47P6e6JNIqV4UmM6I6I6arY3M/2rNVIcXXp/FItUQ08miMOVYJ3gUDW4xCVTzngFCJTN/xbRDJKHaBJg1ITizJ89DrVhw7IJTMWlcoYkyaB8doVPkoHNUQjeojKqIogf0hF7Qq/VoPVtv1vukdcGazuyhP7I+fgBj4pzw</latexit><latexit sha1_base64="qTTqfQlnyOSMwqdL18015fpVt/E=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVBKEk3ehGKLpxWcFeoAlhMj1th06SYWYilNAXcOOruHGhiFv37nwbJ20W2vrDwMd/zuHM+UPBmdKO822VVlbX1jfKm5Wt7Z3dPXv/oK2SVFJo0YQnshsSBZzF0NJMc+gKCSQKOXTC8U1e7zyAVCyJ7/VEgB+RYcwGjBJtrMA+GeMr7BEuRgSLwMXn2AtB51w3PA48AVIEdtWpOTPhZXALqKJCzcD+8voJTSOINeVEqZ7rCO1nRGpGOUwrXqpAEDomQ+gZjEkEys9m10zxqXH6eJBI82KNZ+7viYxESk2i0HRGRI/UYi03/6v1Uj249DMWi1RDTOeLBinHOsF5NLjPJFDNJwYIlcz8FdMRkYRqE2DFhOAunrwM7XrNdWrunVNtXBdxlNEROkZnyEUXqIFuURO1EEWP6Bm9ojfryXqx3q2PeWvJKmYO0R9Znz91o5lF</latexit>

p3
<latexit sha1_base64="pR5+ljf7NzNKv2B33yQmPXox0rE=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7CrBz0GvXhM0DwgWcLsZDYZMju7zPQKYcknePGgiFc/wu/w5s1PcfI4aGJBQ1HVTXdXkEhh0HW/nNzK6tr6Rn6zsLW9s7tX3D9omDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGNxO/+cC1EbG6x1HC/Yj2lQgFo2ilu6R70S2W3LI7BVkm3pyUKscftW8AqHaLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JqdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwys+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjfOy55a9mk3jGmbIwxGcwBl4cAkVuIUq1IFBHx7hGV4c6Tw5r87brDXnzGcO4Q+c9x8RQo/b</latexit><latexit sha1_base64="1GFtfpLazMuWkhl4ba/vTDTSd8c=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crt60GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QPveJFB</latexit><latexit sha1_base64="1GFtfpLazMuWkhl4ba/vTDTSd8c=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crt60GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QPveJFB</latexit><latexit sha1_base64="yrIsjGOVV5t1e2B2ZcAbxXbBTR8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0n0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t3/gHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSQ9q/7LtVr+bNQVaJX5AqFGj03a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktZFzfdq/r1Xrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwFIjZY=</latexit>

p4
<latexit sha1_base64="x+0v5mI2wRZrtRK3Vuzqvp4fHjg=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7Argh6DXjwmaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfTm5ldW19I79Z2Nre2d0r7h80TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffODaiFjd4yjhfkT7SoSCUbTSXdK96BZLbtmdgiwTb05KleOP2jcAVLvFz04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW6poxI2fTU8dk1Or9EgYa1sKyVT9PZHRyJhRFNjOiOLALHoT8T+vnWJ45WdCJSlyxWaLwlQSjMnkb9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxnnZc8tezaZxDTPk4QhO4Aw8uIQK3EIV6sCgD4/wDC+OdJ6cV+dt1ppz5jOH8AfO+w8Sxo/c</latexit><latexit sha1_base64="OOavC2e6augqbA47gfeC2L0Ba2A=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crsi6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHw/JFC</latexit><latexit sha1_base64="OOavC2e6augqbA47gfeC2L0Ba2A=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crsi6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHw/JFC</latexit><latexit sha1_base64="TgxkHnJY9c7s6nC573F+SdZznnk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe1f9t2qV/PmIKvEL0gVCjT67ldvkLAs5gqZpMZ0fS/FIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BD85ZdXSeui5ns1/96r1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AwLMjZc=</latexit>

|
<latexit sha1_base64="vvNRkAyn0kk6nZuS8Gq4s9/PF1I=">AAAB6HicbVDLSgNBEOyNrxhfUY9ehgRBEMKuFz0GvXhMwDwgWcLspDcZMzu7zMwKYc0XePGgiDfxk7z5N04eB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YtmtuDOQVeItSLla6p5/AECtV/zq9mOWRigNE1Trjucmxs+oMpwJnBS6qcaEshEdYMdSSSPUfjY7dEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWyNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdgQvOWXV0nzouK5Fa9u07iGOfJwAiU4Aw8uoQq3UIMGMEB4ghd4de6dZ+fNeZ+35pzFzDH8gfP5A/2IjoU=</latexit><latexit sha1_base64="pLqrNSjFtUAZOYcOV86ba5Glrgo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF48JmAckS5iddJIxs7PLzKywrPkCLx4i4tVP8pa/cfI4aGJBQ1HVTXdXEAuujetOnY3Nre2d3dxefv/g8Oi4cHLa0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HofuY3n1FpHslHk8boh3QgeZ8zaqxUe+kWSm7ZnYOsE29JSpVi52oyraTVbuG704tYEqI0TFCt254bGz+jynAmcJzvJBpjykZ0gG1LJQ1R+9n80DG5sEqP9CNlSxoyV39PZDTUOg0D2xlSM9Sr3kz8z2snpn/rZ1zGiUHJFov6iSAmIrOvSY8rZEakllCmuL2VsCFVlBmbTd6G4K2+vE4a12XPLXs1m8YdLJCDcyjCJXhwAxV4gCrUgQHCK0zg3Xly3pwP53PRuuEsZ87gD5yvHwcBkAs=</latexit><latexit sha1_base64="pLqrNSjFtUAZOYcOV86ba5Glrgo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLkCAIQtj1osegF48JmAckS5iddJIxs7PLzKywrPkCLx4i4tVP8pa/cfI4aGJBQ1HVTXdXEAuujetOnY3Nre2d3dxefv/g8Oi4cHLa0FGiGNZZJCLVCqhGwSXWDTcCW7FCGgYCm8HofuY3n1FpHslHk8boh3QgeZ8zaqxUe+kWSm7ZnYOsE29JSpVi52oyraTVbuG704tYEqI0TFCt254bGz+jynAmcJzvJBpjykZ0gG1LJQ1R+9n80DG5sEqP9CNlSxoyV39PZDTUOg0D2xlSM9Sr3kz8z2snpn/rZ1zGiUHJFov6iSAmIrOvSY8rZEakllCmuL2VsCFVlBmbTd6G4K2+vE4a12XPLXs1m8YdLJCDcyjCJXhwAxV4gCrUgQHCK0zg3Xly3pwP53PRuuEsZ87gD5yvHwcBkAs=</latexit><latexit sha1_base64="4xmbLRTmnKpcJlXMyaKjhXHfOHU=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJtLCGRjwQuZG+Zg5W9vcvungk5+QU2Fhpj60+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5p6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByO/c7j6g0j+W9mSboR3QkecgZNVZqPg3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/WabqV+k8dRhDM4h0vw4BrqcAcNaAEDhGd4hTfnwXlx3p2PZWvByWdO4Q+czx/rCYz8</latexit>

k
<latexit sha1_base64="EYJYK1pE2YmzSY1OLEiCs4296P4=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVZt2C2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fQIyOuA==</latexit><latexit sha1_base64="MvRi8uPEb6GtjqL9vEH9UHxecmw=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVGXTyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8yG5As</latexit><latexit sha1_base64="MvRi8uPEb6GtjqL9vEH9UHxecmw=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVGXTyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8yG5As</latexit><latexit sha1_base64="q0U8WJsfXpGwpJA+fG4Cnsyiny0=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVak0G15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QPRRYzr</latexit>

p1 + k
<latexit sha1_base64="NzUgfltMunQMKVuoBoeKWj0QJV0=">AAAB7HicbVDLSgNBEOz1GeMr6lEPg0EQhLDrRY9BLx4TcJNAsoTZSW8yZHZ2mZkVwpJv8OJBEa9+g9/hzZuf4uRx0MSChqKqm+6uMBVcG9f9clZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HwduI3H1Bpnsh7M0oxiGlf8ogzaqzkp13vYtgtld2KOwVZJt6clKsnH/VvAKh1S5+dXsKyGKVhgmrd9tzUBDlVhjOB42In05hSNqR9bFsqaYw6yKfHjsmZVXokSpQtachU/T2R01jrURzazpiagV70JuJ/Xjsz0XWQc5lmBiWbLYoyQUxCJp+THlfIjBhZQpni9lbCBlRRZmw+RRuCt/jyMmlcVjy34tVtGjcwQwGO4RTOwYMrqMId1MAHBhwe4RleHOk8Oa/O26x1xZnPHMEfOO8/PZ6Qgw==</latexit><latexit sha1_base64="mXGibunE1q0jXQHbPKspaObqWRY=">AAAB7HicbVDLSgNBEOyNrxhfUY+KDAZBEMKOFz0GvXhMwE0CyRJmJ7PJkNnZZWZWCEuOnr14UMSr35Dv8OY3+BNOHgdNLGgoqrrp7goSwbVx3S8nt7K6tr6R3yxsbe/s7hX3D+o6ThVlHo1FrJoB0UxwyTzDjWDNRDESBYI1gsHtxG88MKV5LO/NMGF+RHqSh5wSYyUv6eCLQadYcsvuFGiZ4DkpVY7Hte/Hk3G1U/xsd2OaRkwaKojWLewmxs+IMpwKNiq0U80SQgekx1qWShIx7WfTY0fozCpdFMbKljRoqv6eyEik9TAKbGdETF8vehPxP6+VmvDaz7hMUsMknS0KU4FMjCafoy5XjBoxtIRQxe2tiPaJItTYfAo2BLz48jKpX5axW8Y1m8YNzJCHIziFc8BwBRW4gyp4QIHDE7zAqyOdZ+fNeZ+15pz5zCH8gfPxAxvjkek=</latexit><latexit sha1_base64="mXGibunE1q0jXQHbPKspaObqWRY=">AAAB7HicbVDLSgNBEOyNrxhfUY+KDAZBEMKOFz0GvXhMwE0CyRJmJ7PJkNnZZWZWCEuOnr14UMSr35Dv8OY3+BNOHgdNLGgoqrrp7goSwbVx3S8nt7K6tr6R3yxsbe/s7hX3D+o6ThVlHo1FrJoB0UxwyTzDjWDNRDESBYI1gsHtxG88MKV5LO/NMGF+RHqSh5wSYyUv6eCLQadYcsvuFGiZ4DkpVY7Hte/Hk3G1U/xsd2OaRkwaKojWLewmxs+IMpwKNiq0U80SQgekx1qWShIx7WfTY0fozCpdFMbKljRoqv6eyEik9TAKbGdETF8vehPxP6+VmvDaz7hMUsMknS0KU4FMjCafoy5XjBoxtIRQxe2tiPaJItTYfAo2BLz48jKpX5axW8Y1m8YNzJCHIziFc8BwBRW4gyp4QIHDE7zAqyOdZ+fNeZ+15pz5zCH8gfPxAxvjkek=</latexit><latexit sha1_base64="BZZ8XbvXg5Ir2Xok7hC3Rpn8tK8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBZBEEripR6LXjxWMG2hDWWznbRLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32yltbG5t75R3K3v7B4dH1eOTtk4yxdBniUhUN6QaBZfoG24EdlOFNA4FdsLJ3dzvPKHSPJGPZppiENOR5BFn1FjJTwfe1WRQrbl1dwGyTryC1KBAa1D96g8TlsUoDRNU657npibIqTKcCZxV+pnGlLIJHWHPUklj1EG+OHZGLqwyJFGibElDFurviZzGWk/j0HbG1Iz1qjcX//N6mYlugpzLNDMo2XJRlAliEjL/nAy5QmbE1BLKFLe3EjamijJj86nYELzVl9dJ+7ruuXXvwa01b4s4ynAG53AJHjSgCffQAh8YcHiGV3hzpPPivDsfy9aSU8ycwh84nz8tpI4+</latexit>
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Non-factorizable contributions

Transversal space 2d effective theory

+ →

One-loop leading-power amplitude (purely imaginary)

M
(1) = iα̃sχ

(1)
M

(0)

χ(1) =
1

π

∫

d2k

k2 + λ2
×

q2
3 +M2

V

(k − q3)
2 +M2

V

q2
4 +M2

V

(k + q4)
2 +M2

V

,

Infrared divergence: χ(1) = − ln

(

λ2

M2
V

)

+ f(1)(q3, q4,M
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➥ Glauber phase: e−iα̃s lnλ
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Two-loop amplitude

Two-loop leading-power amplitude

M
(2) = −

α̃2
s

2!
χ(2)

M
(0)

Infrared divergence structure

χ(2) = ln2
(

λ2

M2
V

)

− 2 ln

(

λ2

M2
V

)

f(1)(q3, q4,M
2
V ) + f(2)(q3, q4,M

2
V )

f (i) are finite one-dimensional integrals
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The infrared divergences that appear in non-factorizable contributions exponentiate into a Coulomb (Glauber) phase 
and cancel on their own, without any reference to real emission contributions.  
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(a) (b) (c)

FIG. 1. The Feynman diagrams for the Higgs boson pro-
duction in VBF: (a) the Born amplitude, (b, c) the one-loop
nonfactorizable QCD corrections. The solid, dashed, wavy
and loopy lines stay for quark, Higgs, vector boson and gluon
fields, respectively.

p
+

2
, respectively. Then in the eikonal approximation a

gauge boson coupling to the quark line with momentum
p1 (p2) is obtained by replacing the corresponding cur-
rent jµ with its light-cone component j� (j+) while the
quark propagators are replaced as follows
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+ /k + i✏
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�
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2k± + i✏
, (1)

where �
± are the light-cone components of the Dirac �-

matrices.
In the VBF process Higgs bosons are produced at

central rapidities so that they are well-separated from
the tagging jets. This ensures that momentum transfers
q3 = p3�p1 and q4 = p4�p2 mostly have transverse com-
ponents q3,4 while their light-cone component are sup-
pressed by p3,4,?/

p
s. Thus, the Higgs boson emission

does not spoil the applicability of the eikonal approxima-
tion.

We continue with the discussion of the nonfactoriz-
able QCD corrections. In the one-loop approximation
the relevant diagrams are shown in Fig. 1(b,c). Since
electroweak vector bosons do not carry color, the one-
loop contribution to the cross section vanishes at NLO
by color conservation. Nevertheless, the square of the
one-loop amplitude contributes to the NNLO cross sec-
tion along with the generic two-loop nonfactorizable cor-
rections. In both cases the two gluons connecting the
di↵erent quark lines must be in a color-singlet configura-
tion. Thus we can compute the corrections by replacing
gluons by abelian gauge bosons with the e↵ective cou-

pling ↵̃s =
⇣

N
2
c
�1

4N2
c

⌘1/2
↵s, where Nc = 3 and the prefactor

arises from averaging over colors. Considering the sum
of the planar and non-planar diagrams in Figs. 1(b,c),
we find that the eikonal quark propagators add up to
1/(2k± + i✏) � c.c. = �i⇡�(k±). Hence, when the two
diagrams are combined, the virtual quark propagators
are replaced by �(k+) and �(k�) and the light-cone dy-
namics decouples. Thus the computation of the nonfac-
torizable one-loop contribution is reduced to the analysis
of the e↵ective Feynman diagram shown in Fig. 2(a) in
the two-dimensional transversal space. In the eikonal ap-
proximation QCD corrections are diagonal in the chiral
basis. This implies that (for a given type of electroweak

(a) (b)

FIG. 2. One- and two-loop transversal space Feynman dia-
grams.

gauge bosons that fuse into the Higgs) the Born ampli-
tude M

(0) factors out. Hence, the expression for the
one-loop amplitude can be written as follows
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where MV = MZ,W is an electroweak boson mass.
We note that the function �

(1) is ultraviolet-finite but
infrared-divergent. To regulate the infrared divergence,
we introduced an auxiliary gluon mass �. Moreover, the
function �

(1) is explicitly real, so that the entire one-
loop correction is imaginary. This is yet another reason,
in addition to color conservation, that leads to vanishing
interference between the one-loop amplitude computed
in the eikonal approximation and the leading order am-
plitude.
At two loops the structure of the corrections is simi-

lar. In the color-singlet configuration the gluon vertices
commute and the factorization property of the eikonal
approximation [15] can be applied. As a result the sum
over all the permutations of the gluon and vector-boson
vertices reduces to the e↵ective transversal space diagram
in Fig. 2(b) [12]. The corresponding expression for the
amplitude reads
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Squaring the sum of tree-, one- and two-loop contribu-
tions to the scattering amplitude, we obtain the NNLO
QCD correction to the cross section due to nonfactoriz-
able contributions
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where MV = MZ,W is an electroweak boson mass.
We note that the function �

(1) is ultraviolet-finite but
infrared-divergent. To regulate the infrared divergence,
we introduced an auxiliary gluon mass �. Moreover, the
function �

(1) is explicitly real, so that the entire one-
loop correction is imaginary. This is yet another reason,
in addition to color conservation, that leads to vanishing
interference between the one-loop amplitude computed
in the eikonal approximation and the leading order am-
plitude.
At two loops the structure of the corrections is simi-

lar. In the color-singlet configuration the gluon vertices
commute and the factorization property of the eikonal
approximation [15] can be applied. As a result the sum
over all the permutations of the gluon and vector-boson
vertices reduces to the e↵ective transversal space diagram
in Fig. 2(b) [12]. The corresponding expression for the
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Squaring the sum of tree-, one- and two-loop contribu-
tions to the scattering amplitude, we obtain the NNLO
QCD correction to the cross section due to nonfactoriz-
able contributions
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The final result is given by the sum of the one-loop amplitude squared and the interference of the two-loop and tree 
amplitudes.  In this combination, the dependence on the gluon mass (i.e. the infra-red divergence) cancels out.  Hence, 
we obtain a physical result that does not require us to account for the real emission contribution.
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(a) (b) (c)

FIG. 1. The Feynman diagrams for the Higgs boson pro-
duction in VBF: (a) the Born amplitude, (b, c) the one-loop
nonfactorizable QCD corrections. The solid, dashed, wavy
and loopy lines stay for quark, Higgs, vector boson and gluon
fields, respectively.
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In Eq.(6) d�LO is the leading-order di↵erential cross sec-
tion for VBF and

�nf(q3, q4) =
h
�
(1)(q3, q4)

i2
� �

(2)(q3, q4) (7)

is the nonfactorizable correction.
The nonfactorizable correction has peculiar properties.

It is independent of the vector boson couplings to quarks
and to the Higgs boson; these couplings are accommo-
dated in the leading order cross section in Eq. (6). In
the large-Nc limit the color factor in Eq. (6) remains
finite while for the factorizable corrections it grows as
N

2
c
providing the color suppression of the nonfactorizable

contribution. Finally, the two terms in Eq. (7) are sep-
arately infrared divergent. These divergences, however,
are not related to the usual (nonfactorizable) real soft
gluon emissions that, in fact, are suppressed as p?/

p
s

and, therefore, do not contribute to the VBF cross sec-
tion at leading power. The infra-red divergencies in non-
factorizable corrections originate from the exchange of
static Glauber gluons [16] propagating in the transversal
space. It is well known that when abelian gauge bosons
are exchanged, the amplitudes acquire a factor ei� where
� is the infrared-divergent Glauber phase � = �↵̃s ln�2

[12]. This phase factor disappears in the cross section,
which means that the infrared-divergent parts of the first
and the second term in Eq. (7) must cancel each other.

To show this cancellation explicitly, we consider the
� ! 0 limit, extract the infrared singularities from the
two functions �(1,2) and write them as follows
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In Eq.(10) q
H

= �q4 � q3 is the Higgs boson transverse
momentum. This result can be obtained by using the
Feynman parameter representation for one- and two-loop
two-dimensional triangle diagrams corresponding to the
functions �(1) and �

(2) respectively.
We note that it should be possible to compute the two

functions analytically.1 However, the one-dimensional in-
tegral representations in Eqs. (9,10) are perfectly suitable
for the numerical evaluation of the nonfactorizable cor-
rections so that we decided not to pursue the analytic
calculation further.
Using representations Eq. (8) in Eq. (7), we obtain the

finite result

�nf(q3, q4) = [f (1)(q3, q4)]
2
� f

(2)(q3, q4) , (11)

for the two-loop nonfactorizable correction to the VBF
cross section. It can be used for the numerical evaluation
of the correction factor for values of the transverse mo-
menta that are much smaller than the energy of the two
colliding partons.
It is instructive to compute the function �nf in a few

limiting cases. The simplest case is when all the trans-
verse momenta are small compared to the vector boson
mass |q3,4| ⌧ MV . In this limit r1 = 0, r2 = M
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with x = M
2

V
/q2

3
. In the opposite limit when the trans-

verse momentum q3 of one of the tagging jets is small
compared to q4 ⇡ q

H
the result reads
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The coe�cient of the quadratic logarithm in Eq. (13)
can be read o↵ from the infrared divergences of the one-
and two-loop massless amplitudes at zero Higgs boson
momentum. We have verified this coe�cient by exact
evaluation of the scattering amplitudes in dimensional

1 It is well-known that in the two-dimensional space-time three-
point functions can be described by linear combinations of two-
point functions. The one-loop case is explicitly discussed in
Ref. [17].
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<latexit sha1_base64="jeMwJIAfIH5wQY0VOz5aebs6Ogk=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3NWw+oNI/lnRkn6Ed0IHnIGTXWqjd7xZJbdmciq+AtoHT1+XELVrVe8avbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHYuSRqj9bDbohJxZp0/CWNknDZm5vzsyGmk9jgJbGVEz1MvZ1Pwv66QmrPgZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2LsueWvbpbqlZgrjycwCmcgweXUIUbqEEDGCA8wjO8OPfOk/PqvM1Lc86i5xj+yHn/AWz8jtM=</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="zL9nTe2SeuoENJgChU31ykL5Urw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m82GPBi8cW7Ae0oWy2k3btZhN2N0II/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsbuH3nlBpHssHkyXoR3QiecgZNVZqd0fVmlt3lyCbxCtIDQq0RtWv4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4slTRC7efLQ+fkyipjEsbKljRkqf6eyGmkdRYFtjOiZqrXvYX4nzdITdjwcy6T1KBkq0VhKoiJyeJrMuYKmRGZJZQpbm8lbEoVZcZmU7EheOsvb5LuTd1z617brTUbRRxluIBLuAYPbqEJ99CCDjBAeIZXeHMenRfn3flYtZacYuYc/sD5/AGub4zM</latexit>

V
<latexit sha1_base64="jeMwJIAfIH5wQY0VOz5aebs6Ogk=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3NWw+oNI/lnRkn6Ed0IHnIGTXWqjd7xZJbdmciq+AtoHT1+XELVrVe8avbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHYuSRqj9bDbohJxZp0/CWNknDZm5vzsyGmk9jgJbGVEz1MvZ1Pwv66QmrPgZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2LsueWvbpbqlZgrjycwCmcgweXUIUbqEEDGCA8wjO8OPfOk/PqvM1Lc86i5xj+yHn/AWz8jtM=</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="zL9nTe2SeuoENJgChU31ykL5Urw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m82GPBi8cW7Ae0oWy2k3btZhN2N0II/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsbuH3nlBpHssHkyXoR3QiecgZNVZqd0fVmlt3lyCbxCtIDQq0RtWv4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4slTRC7efLQ+fkyipjEsbKljRkqf6eyGmkdRYFtjOiZqrXvYX4nzdITdjwcy6T1KBkq0VhKoiJyeJrMuYKmRGZJZQpbm8lbEoVZcZmU7EheOsvb5LuTd1z617brTUbRRxluIBLuAYPbqEJ99CCDjBAeIZXeHMenRfn3flYtZacYuYc/sD5/AGub4zM</latexit>

V
<latexit sha1_base64="jeMwJIAfIH5wQY0VOz5aebs6Ogk=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3NWw+oNI/lnRkn6Ed0IHnIGTXWqjd7xZJbdmciq+AtoHT1+XELVrVe8avbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHYuSRqj9bDbohJxZp0/CWNknDZm5vzsyGmk9jgJbGVEz1MvZ1Pwv66QmrPgZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2LsueWvbpbqlZgrjycwCmcgweXUIUbqEEDGCA8wjO8OPfOk/PqvM1Lc86i5xj+yHn/AWz8jtM=</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="zL9nTe2SeuoENJgChU31ykL5Urw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m82GPBi8cW7Ae0oWy2k3btZhN2N0II/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsbuH3nlBpHssHkyXoR3QiecgZNVZqd0fVmlt3lyCbxCtIDQq0RtWv4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4slTRC7efLQ+fkyipjEsbKljRkqf6eyGmkdRYFtjOiZqrXvYX4nzdITdjwcy6T1KBkq0VhKoiJyeJrMuYKmRGZJZQpbm8lbEoVZcZmU7EheOsvb5LuTd1z617brTUbRRxluIBLuAYPbqEJ99CCDjBAeIZXeHMenRfn3flYtZacYuYc/sD5/AGub4zM</latexit>

V
<latexit sha1_base64="jeMwJIAfIH5wQY0VOz5aebs6Ogk=">AAAB6HicbZC7SgNBFIbPxluMt6ilzWAQrMKujekM2FgmYi6QLGF2cjYZMzu7zMwKYckT2FgoYutTWPkQdr6Nk0uhiT8MfPz/Ocw5J0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD3NWw+oNI/lnRkn6Ed0IHnIGTXWqjd7xZJbdmciq+AtoHT1+XELVrVe8avbj1kaoTRMUK07npsYP6PKcCZwUuimGhPKRnSAHYuSRqj9bDbohJxZp0/CWNknDZm5vzsyGmk9jgJbGVEz1MvZ1Pwv66QmrPgZl0lqULL5R2EqiInJdGvS5wqZEWMLlCluZyVsSBVlxt6mYI/gLa+8Cs2LsueWvbpbqlZgrjycwCmcgweXUIUbqEEDGCA8wjO8OPfOk/PqvM1Lc86i5xj+yHn/AWz8jtM=</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="HipNPgbF4aVR7dXDpZx2UZ7XBwk=">AAAB6HicbZC7SgNBFIbPeo3xFrUUZDAIVmHXxnQGbCwTMBdIQpidnE3GzM4uM7NCWFJa2VgoYutTpPIh7HwGX8LJpdDEHwY+/v8c5pzjx4Jr47pfzsrq2vrGZmYru72zu7efOzis6ShRDKssEpFq+FSj4BKrhhuBjVghDX2BdX9wPcnr96g0j+StGcbYDmlP8oAzaqxVqXVyebfgTkWWwZtD/upjXPl+OBmXO7nPVjdiSYjSMEG1bnpubNopVYYzgaNsK9EYUzagPWxalDRE3U6ng47ImXW6JIiUfdKQqfu7I6Wh1sPQt5UhNX29mE3M/7JmYoJiO+UyTgxKNvsoSAQxEZlsTbpcITNiaIEyxe2shPWposzY22TtEbzFlZehdlHw3IJXcfOlIsyUgWM4hXPw4BJKcANlqAIDhEd4hhfnznlyXp23WemKM+85gj9y3n8AdveRGA==</latexit><latexit sha1_base64="zL9nTe2SeuoENJgChU31ykL5Urw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m82GPBi8cW7Ae0oWy2k3btZhN2N0II/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O6Wt7Z3dvfJ+5eDw6PikenrW1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8HsbuH3nlBpHssHkyXoR3QiecgZNVZqd0fVmlt3lyCbxCtIDQq0RtWv4ThmaYTSMEG1HnhuYvycKsOZwHllmGpMKJvRCQ4slTRC7efLQ+fkyipjEsbKljRkqf6eyGmkdRYFtjOiZqrXvYX4nzdITdjwcy6T1KBkq0VhKoiJyeJrMuYKmRGZJZQpbm8lbEoVZcZmU7EheOsvb5LuTd1z617brTUbRRxluIBLuAYPbqEJ99CCDjBAeIZXeHMenRfn3flYtZacYuYc/sD5/AGub4zM</latexit>

H
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Non-factorizable contributions
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Non-factorizable contributions: some comments

Since non-factorizable corrections appear at NNLO for the very first time, there is no information about their 
renormalization scale dependence; one can expect though that the scale should be associated with jet transverse 
momenta and, therefore, should be low. 

Furthermore, the non-factorizable corrections are    -enhanced;  additional factors of     come from the residues of 
the eikonal propagators; this enhancement is important as it can compensate for the 1/Nc  color suppression.   

Finally, the non-factorizable effects are not  included in  parton showers, even approximately, since the contribution 
that we have discussed  is fully-independent of any real emission and is IR-finite on its own. 

d�NNLO

nf
=

✓
N2

c � 1

4N2
c

◆
↵2

s(µ) �nf d�
LO
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Fiducial  cross section: non-factorizable corrections
Non-factorizable corrections to fiducial WBF cross section computed with cuts shown below are found to be -0.4 percent.

pj1,j2? > 25 GeV, |yj1,j)2| < 4.5

|yj1 � yj2 | > 4.5, mj1j2 > 600 GeV
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Erratum: Fully Differential Vector-Boson-Fusion Higgs Production
at Next-to-Next-to-Leading Order
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(Received 22 February 2018; published 27 March 2018)

DOI: 10.1103/PhysRevLett.120.139901

The NLO 3-jet calculation [1] and its POWHEG implementation [2] has been found to have a bug in its virtual terms.
Resolving this bug reduces the impact of the NNLO corrections and they are now of order 4% for the total cross section
(with VBF cuts) and up to 4%–7% in differential distributions. Updated results for the total cross section and differential
distributions are to be found in Table I and Fig. 1, respectively.

FIG. 1. From left to right, differential cross sections for the transverse momentum distributions for the two leading jets, pt;j1 and pt;j2 ,
for the Higgs boson, pt;H , and the distribution for the rapidity separation between the two leading jets, Δyj1;j2 .

TABLE I. Cross sections at LO, NLO, and NNLO for VBF Higgs production, fully inclusively and with VBF cuts. The quoted
uncertainties correspond to scale dependence, while statistical errors at NNLO are about 0.1% with VBF cuts and much smaller without.

σðno cutsÞ [pb] σðVBF cutsÞ [pb]

LO 4.032þ0.057
−0.069 0.957þ0.066

−0.059

NLO 3.929þ0.024
−0.023 0.876þ0.008

−0.018

NNLO 3.888þ0.016
−0.012 0.844þ0.008

−0.008
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-8.4%

-3.6%

Cacciari, Dreyer, Karlberg, Salam, Zanderighi

-2.6%
-1%

T.Liu, K.M., A. Penin

Compared to factorizable corrections, they are similar to the  inclusive cross section case but smaller than corrections 
to the fiducial  cross section. 
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Numerics: Jets

transverse momentum distribution rapidity distribution
(2nd jet) (1st jet)

A. Penin, U of A RADCOR 2019 – p. 16/19

Numerics: Jets

transverse momentum distribution rapidity distribution
(2nd jet) (1st jet)

A. Penin, U of A RADCOR 2019 – p. 16/19

Kinematic distirbutions: non-factorizable corrections

We find percent level non-factorizable effects in kinematic distributions; corrections to transverse momentum 
distribution of a second jet change from negative  to positive.   Corrections to rapidity distributions are quite uniform.
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Numerics: Higgs

transverse momentum distribution rapidity distribution

A. Penin, U of A RADCOR 2019 – p. 17/19

Numerics: Higgs

transverse momentum distribution rapidity distribution

A. Penin, U of A RADCOR 2019 – p. 17/19

Kinematic distirbutions: non-factorizable corrections

Corrections to the Higgs boson transverse momentum and rapidity distributions are rather constant.   Both are about half a 
percent. 
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Non-factorizable corrections beyond eikonal approximation

Eikonal approximation (forward scattering)  gives us the Coulomb phase; that is why infra-red singularities in this contribution 
cancel on their own. Because of the difference between a gluon and  two weak  bosons fusing into the Higgs boson, the result is 
different from zero.  

Other effects, e.g.  real emission contribution, require us to go beyond the forward scattering limit in computing both virtual and 
real emission contributions. 

lim
p5,p6!0

|M(1q, 2Q, 3q, 4Q)|2nf = (N2
c � 1)Eiknf(p5)Eiknf(p6) A2

0(1, 2, 3, 4)
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Eik(p) =
X

i2[1,3];j2[2,4]

�ij
pipj

(pip)(pjp)
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�ij =

⇢
1 i, j both incoming or outgoing
�1 otherwise
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<latexit sha1_base64="pR5+ljf7NzNKv2B33yQmPXox0rE=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7CrBz0GvXhM0DwgWcLsZDYZMju7zPQKYcknePGgiFc/wu/w5s1PcfI4aGJBQ1HVTXdXkEhh0HW/nNzK6tr6Rn6zsLW9s7tX3D9omDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGNxO/+cC1EbG6x1HC/Yj2lQgFo2ilu6R70S2W3LI7BVkm3pyUKscftW8AqHaLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JqdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwys+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjfOy55a9mk3jGmbIwxGcwBl4cAkVuIUq1IFBHx7hGV4c6Tw5r87brDXnzGcO4Q+c9x8RQo/b</latexit><latexit sha1_base64="1GFtfpLazMuWkhl4ba/vTDTSd8c=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crt60GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QPveJFB</latexit><latexit sha1_base64="1GFtfpLazMuWkhl4ba/vTDTSd8c=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crt60GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QPveJFB</latexit><latexit sha1_base64="yrIsjGOVV5t1e2B2ZcAbxXbBTR8=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0n0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t3/gHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSQ9q/7LtVr+bNQVaJX5AqFGj03a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktZFzfdq/r1Xrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwFIjZY=</latexit>

p4
<latexit sha1_base64="x+0v5mI2wRZrtRK3Vuzqvp4fHjg=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7Argh6DXjwmaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfTm5ldW19I79Z2Nre2d0r7h80TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffODaiFjd4yjhfkT7SoSCUbTSXdK96BZLbtmdgiwTb05KleOP2jcAVLvFz04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW6poxI2fTU8dk1Or9EgYa1sKyVT9PZHRyJhRFNjOiOLALHoT8T+vnWJ45WdCJSlyxWaLwlQSjMnkb9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxnnZc8tezaZxDTPk4QhO4Aw8uIQK3EIV6sCgD4/wDC+OdJ6cV+dt1ppz5jOH8AfO+w8Sxo/c</latexit><latexit sha1_base64="OOavC2e6augqbA47gfeC2L0Ba2A=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crsi6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHw/JFC</latexit><latexit sha1_base64="OOavC2e6augqbA47gfeC2L0Ba2A=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crsi6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHw/JFC</latexit><latexit sha1_base64="TgxkHnJY9c7s6nC573F+SdZznnk=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe1f9t2qV/PmIKvEL0gVCjT67ldvkLAs5gqZpMZ0fS/FIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BD85ZdXSeui5ns1/96r1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AwLMjZc=</latexit>

p5
<latexit sha1_base64="NEfoWjO8/7IPHZXm80zTkYUvDPE=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7AriB6DXjwmaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKsf4Xd48+anOHkcNLGgoajqprsrSKQw6LpfTm5ldW19I79Z2Nre2d0r7h80TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffODaiFjd4yjhfkT7SoSCUbTSXdK96BZLbtmdgiwTb05KleOP2jcAVLvFz04vZmnEFTJJjWl7boJ+RjUKJvm40EkNTygb0j5vW6poxI2fTU8dk1Or9EgYa1sKyVT9PZHRyJhRFNjOiOLALHoT8T+vnWJ45WdCJSlyxWaLwlQSjMnkb9ITmjOUI0so08LeStiAasrQplOwIXiLLy+TxnnZc8tezaZxDTPk4QhO4Aw8uIQK3EIV6sCgD4/wDC+OdJ6cV+dt1ppz5jOH8AfO+w8USo/d</latexit><latexit sha1_base64="AtlVTJF6HkH/QZtKTS0E7qZ7jTc=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4CruC6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHygJFD</latexit><latexit sha1_base64="AtlVTJF6HkH/QZtKTS0E7qZ7jTc=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4CruC6DHoxWOC5gHJEmYnk2TI7Owy0yuEJUePXjwo4tWPyHd48xv8CSePgyYWNBRV3XR3BbEUBl33y1laXlldW89sZDe3tnd2c3v7VRMlmvEKi2Sk6wE1XArFKyhQ8nqsOQ0DyWtB/2bs1x64NiJS9ziIuR/SrhIdwSha6S5uXbRyebfgTkAWiTcj+eLRqPz9eDwqtXKfzXbEkpArZJIa0/DcGP2UahRM8mG2mRgeU9anXd6wVNGQGz+dnDokp1Zpk06kbSkkE/X3REpDYwZhYDtDij0z743F/7xGgp0rPxUqTpArNl3USSTBiIz/Jm2hOUM5sIQyLeythPWopgxtOlkbgjf/8iKpnhc8t+CVbRrXMEUGDuEEzsCDSyjCLZSgAgy68AQv8OpI59l5c96nrUvObOYA/sD5+AHygJFD</latexit><latexit sha1_base64="LGbchjXj7FAx2S8pEa01nyN1rlw=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0kE0WPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpIe1f9t2qV/PmIKvEL0gVCjT67ldvkLAs5gqZpMZ0fS/FIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BD85ZdXSeui5ns1/96r1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8gfP5AwRQjZg=</latexit> p6

<latexit sha1_base64="xSIBr1Ni4Qdyj8xdW39kXvxsMGY=">AAAB6nicbVDLSgNBEOyNrxhfUY96GAyCp7DrQT0GvXhM0DwgWcLsZDYZMju7zPQKYcknePGgiFc/wu/w5s1PcfI4aGJBQ1HVTXdXkEhh0HW/nNzK6tr6Rn6zsLW9s7tX3D9omDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGNxO/+cC1EbG6x1HC/Yj2lQgFo2ilu6R70S2W3LI7BVkm3pyUKscftW8AqHaLn51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JqdW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwys+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjfOy55a9mk3jGmbIwxGcwBl4cAkVuIUq1IFBHx7hGV4c6Tw5r87brDXnzGcO4Q+c9x8Vzo/e</latexit><latexit sha1_base64="B1nx4h2Os5k0xAaw1MJ9fe5jD3M=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crse1GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QP0BJFE</latexit><latexit sha1_base64="B1nx4h2Os5k0xAaw1MJ9fe5jD3M=">AAAB6nicbVDLSgNBEOz1GeMr6lGRwSB4Crse1GPQi8cEzQOSJcxOJsmQ2dllplcIS44evXhQxKsfke/w5jf4E04eB00saCiquunuCmIpDLrul7O0vLK6tp7ZyG5ube/s5vb2qyZKNOMVFslI1wNquBSKV1Cg5PVYcxoGkteC/s3Yrz1wbUSk7nEQcz+kXSU6glG00l3cumjl8m7BnYAsEm9G8sWjUfn78XhUauU+m+2IJSFXyCQ1puG5Mfop1SiY5MNsMzE8pqxPu7xhqaIhN346OXVITq3SJp1I21JIJurviZSGxgzCwHaGFHtm3huL/3mNBDtXfipUnCBXbLqok0iCERn/TdpCc4ZyYAllWthbCetRTRnadLI2BG/+5UVSPS94bsEr2zSuYYoMHMIJnIEHl1CEWyhBBRh04Qle4NWRzrPz5rxPW5ec2cwB/IHz8QP0BJFE</latexit><latexit sha1_base64="TI+3bdRpF6BPATcXxYsHIIcBE+s=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0k8qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0PO+ndLa+sbmVnm7srO7t3/gHh61TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4fj25nffuLaiEQ94iTlQUyHSkSCUbTSQ9q/7LtVr+bNQVaJX5AqFGj03a/eIGFZzBUySY3p+l6KQU41Cib5tNLLDE8pG9Mh71qqaMxNkM9PnZIzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5thdB3kQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSH4yy+vktZFzfdq/r1Xrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzBwXUjZk=</latexit>
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Other processes

The high-energy approximation is applicable for generic  processes of the WBF type.  However, the required computations 
becomes more complex since the blob may contain  several Feynman diagrams. 
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<latexit sha1_base64="rK8JMKceW6eiIIhLS1n8MDG2Fd4="></latexit><latexit sha1_base64="rmeaeRc2qYVAR+XjnzzHg9/woCs="></latexit><latexit sha1_base64="rmeaeRc2qYVAR+XjnzzHg9/woCs="></latexit><latexit sha1_base64="BdIqrLHdYjqyyNtQEFqB+he/Z6E="></latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

V
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Di-Higgs production in WBF
The non-factorizable corrections were  explicitly studied for the  di-Higgs production in weak boson fusion.   

In this case, very strong cancellations between various contributions to leading order cross section get destroyed by non-
factorizable QCD corrections (but it is still respected by the factorizable ones). 

As the result, non-factorizable corrections in such processes can be as large as the factorizable ones!
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Fig. 11: Upper panel: NLO prediction for VBF production with cuts for the invariant mass and rapidity separation of
the tagging jets, as well as for the rapidity of the Higgs boson. Lower panel: Ratio of the factorisable NNLO prediction
to NLO (blue) and of the full NNLO prediction to NLO (red). The blue bands represent the scale uncertainty of the
NNLO factorisable prediction.

� = MV �TT �BB �TB ⌃

Born 10.393 fb 14.172 fb �23.904 fb 0.662 fb
1-loop NF 0.339% 0.518% 0.399% 2.03%
2-loop NF �0.667% �0.658% �0.666% �0.50%
Full NF �0.327% �0.139% �0.267% 1.52%

Table 1: Fiducial cross section for vector-boson fusion di-
Higgs production at 13 TeV under the cuts of sec. 3.1. The
first row indicates the Born contribution in femtobarn of
the triangle diagrams, box diagrams and their interference.
The second row shows the 1-loop squared non-factorisable
(1-loop NF) correction in percent of the Born results for
the same three contributions. The third row shows the
same but for the 2-loop times tree-level non-factorisable
(2-loop NF) contribution. The last row shows the same
breakdown but for the sum of both contributions. The last
column shows the sum of the contributions across each
row.

spanning several orders of magnitude. For the individual
sets of diagrams, the non-factorisable corrections are below
1% and one can show that the combined 1- and 2-loop
contribution in each case is always negative. However, the
total correction turns out to be positive and above 1%,

since the negative non-factorisable corrections on top of the
already negative LO interference dominate slightly over the
other two contributions. Indeed, since QCD corrections
a↵ects the four Born diagrams di↵erently, the delicate
cancellations which characterise the LO cross-section get
spoiled and the total correction ends up being more than
four times larger in magnitude than any of the individual
ones. It is interesting to note that the relative correction
to �TT of �0.327% is very close to the correction found in
the single Higgs process of �0.32% under identical cuts (cf
figure 1b), and hence that the enhancement in the total
correction is not a consequence of the di↵erent kinematics
of the di-Higgs system itself.

At the level of distributions this e↵ect can become
even more sizeable. To put the size of the NNLO non-
factorisable corrections into context, we compare them to
the factorisable NNLO corrections. In figure 14 we show
the corrections to the two hardest jets, normalised to the
NLO cross section. For low to moderate jet transverse
momenta the non-factorisable corrections are at the few
percent level and typically smaller in size than their fac-
torisable counterparts. They can however grow to become
significantly larger than the factorisable corrections when
the jet transverse momenta become large, reaching O(40%)
level for pt,j2 ⇠ 160 GeV, see figure 14. Once more, we can
trace this back to the same mechanism described above:
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Di-Higgs production in WBF
For some kinematic distributions non-factorizable QCD corrections  become dominant and reach 10-50 percent!
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Fig. 14: Kinematic distributions for Higgs pair production through VBF under the cuts of sec. 3.1. (a) transverse
momentum of the hardest jet (b) transverse momentum of the second hardest jet. In red we show the non-factorisable
↵2
s
correction and in blue we show the factorisable one. Both are normalised to the NLO cross section.

the corrections to the individual Born contributions are
not very large in this region, but the cancellation pattern
between them is modified by QCD radiation, leading to
very large corrections. We also note here that a similar
growth of the NNLO non-factorisable corrections in the
jet pt distributions can be observed also in single Higgs
production, see figure 10. Nevertheless, due to the lack of
interference to enhance the corrections, these remain much
more moderate than for double Higgs below pt,j2 ⇠ 160
GeV. We should also stress here that, as the jet transverse
momenta grow, the eikonal approximation becomes less
reliable and hence one should use the results in this region
with caution.

In figure 15 we show the transverse momentum dis-
tribution of the Higgs with larger transverse momentum
and of the di-Higgs system. Similar to the jet transverse
momenta, we see an increase of the non-factorisable correc-
tions when the Higgs bosons become hard. However, the
corrections remain moderate, and tend to be of the same
order of magnitude as the factorisable corrections.

Finally, in figure 16 we show the dijet rapidity separa-
tion and invariant mass. The non-factorisable corrections
tend again to be small to moderate in both observables,
and of the same order as the factorisable corrections.

VBF �
(NLO fact.)

��
(fact.)

��
(non-fact.)

Hjj 0.876 �0.032+0.008
�0.008 �0.0030+0.0006

�0.0009 [pb]
HHjj 0.607 �0.012+0.003

�0.001 +0.010+0.005
�0.003 [fb]

Table 2: Fiducial cross sections for single and double Higgs
VBF production at NLO, along with the corresponding
NNLO corrections. The quoted uncertainties correspond
to scale dependence, while statistical errors at NNLO are
about 0.5h. For details on the scale variation see sec 3.1.

5 Conclusions

In this paper we have studied the relative sizes of factoris-
able and non-factorisable QCD corrections to both single
and double VBF Higgs production. A summary of the re-
sults is given in table 2, which shows the NLO fiducial cross
section of single and di-Higgs production and the corre-
sponding NNLO corrections. This study was made possible
by recent advances in estimating the non-factorisable terms
contributing to the NNLO cross section [12], which we ex-
tended to the di-Higgs process. We have presented the
combined factorisable and non-factorisable NNLO correc-
tions, as implemented in the public code proVBFH v1.2.0 for
single Higgs VBF production. We find that for typical selec-
tion cuts the non-factorisable NNLO corrections are small
and mostly contained within the factorisable scale uncer-
tainty bands. For large jet and Higgs transverse momenta,
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the corrections to the individual Born contributions are
not very large in this region, but the cancellation pattern
between them is modified by QCD radiation, leading to
very large corrections. We also note here that a similar
growth of the NNLO non-factorisable corrections in the
jet pt distributions can be observed also in single Higgs
production, see figure 10. Nevertheless, due to the lack of
interference to enhance the corrections, these remain much
more moderate than for double Higgs below pt,j2 ⇠ 160
GeV. We should also stress here that, as the jet transverse
momenta grow, the eikonal approximation becomes less
reliable and hence one should use the results in this region
with caution.

In figure 15 we show the transverse momentum dis-
tribution of the Higgs with larger transverse momentum
and of the di-Higgs system. Similar to the jet transverse
momenta, we see an increase of the non-factorisable correc-
tions when the Higgs bosons become hard. However, the
corrections remain moderate, and tend to be of the same
order of magnitude as the factorisable corrections.

Finally, in figure 16 we show the dijet rapidity separa-
tion and invariant mass. The non-factorisable corrections
tend again to be small to moderate in both observables,
and of the same order as the factorisable corrections.
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Table 2: Fiducial cross sections for single and double Higgs
VBF production at NLO, along with the corresponding
NNLO corrections. The quoted uncertainties correspond
to scale dependence, while statistical errors at NNLO are
about 0.5h. For details on the scale variation see sec 3.1.

5 Conclusions

In this paper we have studied the relative sizes of factoris-
able and non-factorisable QCD corrections to both single
and double VBF Higgs production. A summary of the re-
sults is given in table 2, which shows the NLO fiducial cross
section of single and di-Higgs production and the corre-
sponding NNLO corrections. This study was made possible
by recent advances in estimating the non-factorisable terms
contributing to the NNLO cross section [12], which we ex-
tended to the di-Higgs process. We have presented the
combined factorisable and non-factorisable NNLO correc-
tions, as implemented in the public code proVBFH v1.2.0 for
single Higgs VBF production. We find that for typical selec-
tion cuts the non-factorisable NNLO corrections are small
and mostly contained within the factorisable scale uncer-
tainty bands. For large jet and Higgs transverse momenta,
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Fig. 10: Upper panel: NLO prediction for VBF production with cuts for the transverse momentum of the two leading
jets and the Higgs boson. Lower panel: Ratio of the factorisable NNLO prediction to NLO (blue) and of the full NNLO
prediction to NLO (red). The blue bands represent the scale uncertainty of the NNLO factorisable prediction.

renormalisation and factorisation scales are now set to

µ2

0
(pt,HH) =

mH

2

r⇣mH

2

⌘2

+ p2
t,HH

, (39)

and uncertainties from missing higher orders are again
estimated by varying the scales symmetrically up and down
by a factor two, as was discussed in section 3.1. For the
non-factorisable corrections we pick the same central scales,
but when showing the residual scale uncertainty envelope,
we perform the full 7-point scale variation, i.e. varying
independently µR and µF by a factor 2 but keeping the
ratio to the interval 1

2


µR

µF
 2. The NNLO corrections

are calculated with proVBFHH v1.1.0 [38, 39].

4.1 Validity of the eikonal approximation

Similarly to what we did for single Higgs production, we
start by examining the validity of the eikonal approxima-
tion. We expect the eikonal approximation to be valid when
all transverse scales are small compared to the total centre-
of-mass energy. To test this statement quantitatively, we
define

⇠HH =
max{pt,j1 , t, u}

p
s

. (40)

where t and u are defined as below eq. (15). In figure 13, we
show in the left panel the normalised di-Higgs VBF cross
section integrated in ⇠HH , both fully inclusively and under
VBF cuts. Here we see that compared to the single Higgs
process, the ⇠HH distribution with no cuts is contained
to lower values below ⇠HH ⇠ 0.25. With VBF cuts the
two distributions are very similar, and we therefore expect
the eikonal approximation to be valid also in the di-Higgs
process. In particular, from the right panel of figure 13,
it is clear that the approximation only starts to break for
very large transverse momentum values of the Higgs pair.

4.2 Fiducial results

In this section we discuss the impact of the non-factorisable
NNLO corrections to di-Higgs VBF production computed
in section 2.2. As was discussed there, the non-factorisable
corrections are characterised by an interesting interference
pattern which is not present in the single Higgs process. In
table 1 we exemplify this by showing the LO fiducial cross
section under the cuts of section. 3.1 and their NNLO
non-factorisable corrections. We split the cross section
into the contribution coming from only the T1 and T2

topologies, �TT , only the B1 and B2 topologies, �BB and
their interference, �TB, c.f. figure 5. As one can see, the
di-Higgs cross section at LO is the result of cancellations
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and uncertainties from missing higher orders are again
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by a factor two, as was discussed in section 3.1. For the
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independently µR and µF by a factor 2 but keeping the
ratio to the interval 1

2


µR

µF
 2. The NNLO corrections

are calculated with proVBFHH v1.1.0 [38, 39].

4.1 Validity of the eikonal approximation
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tion. We expect the eikonal approximation to be valid when
all transverse scales are small compared to the total centre-
of-mass energy. To test this statement quantitatively, we
define
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. (40)

where t and u are defined as below eq. (15). In figure 13, we
show in the left panel the normalised di-Higgs VBF cross
section integrated in ⇠HH , both fully inclusively and under
VBF cuts. Here we see that compared to the single Higgs
process, the ⇠HH distribution with no cuts is contained
to lower values below ⇠HH ⇠ 0.25. With VBF cuts the
two distributions are very similar, and we therefore expect
the eikonal approximation to be valid also in the di-Higgs
process. In particular, from the right panel of figure 13,
it is clear that the approximation only starts to break for
very large transverse momentum values of the Higgs pair.

4.2 Fiducial results

In this section we discuss the impact of the non-factorisable
NNLO corrections to di-Higgs VBF production computed
in section 2.2. As was discussed there, the non-factorisable
corrections are characterised by an interesting interference
pattern which is not present in the single Higgs process. In
table 1 we exemplify this by showing the LO fiducial cross
section under the cuts of section. 3.1 and their NNLO
non-factorisable corrections. We split the cross section
into the contribution coming from only the T1 and T2

topologies, �TT , only the B1 and B2 topologies, �BB and
their interference, �TB, c.f. figure 5. As one can see, the
di-Higgs cross section at LO is the result of cancellations
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Non-factorizable corrections to  WBF-like processes  have the following properties:  

1) they appear at next-to-next-to-leading order for the first time;  thanks to WBF kinematic, they can be studied in the high-
energy (eikonal) approximation;  

2) they are colour-suppressed but       - enhanced;  their origin is related to the Coulomb (Glauber) phase;    

3) for Higgs production in WBF, these corrections can reach a percent level  in kinematic distributions and they are strongly 
kinematic-dependent;    

4) non-factorizable  corrections seem to be even  more important for more complex processes (e.g. double Higgs production 
in WBF) where they destroy subtle cancellations that can be present at LO; 

5) non-factorizable corrections are definitely more important than factorizable N3LO corrections; 

6) they cannot be estimated using parton showers, even approximately. 
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⇡
<latexit sha1_base64="fyjzOc13ct4ynofv9NUm9NvfBRc=">AAAB6nicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLGMaC6QLGF2cjYZMju7zMwKYQn4AjYWitj6LvZ2vo2TS6GJPwx8/P85zDknTAXXxvO+naXlldW19cKGu7m1vbNb3Nuv6yRTDGssEYlqhlSj4BJrhhuBzVQhjUOBjXBwPc4bD6g0T+S9GaYYxLQnecQZNda6a6e8Uyx5ZW8isgj+DEqXn+7FIwBUO8WvdjdhWYzSMEG1bvleaoKcKsOZwJHbzjSmlA1oD1sWJY1RB/lk1BE5tk6XRImyTxoycX935DTWehiHtjKmpq/ns7H5X9bKTHQe5FymmUHJph9FmSAmIeO9SZcrZEYMLVCmuJ2VsD5VlBl7HdcewZ9feRHqp2XfK/u3XqlyBVMV4BCO4AR8OIMK3EAVasCgB0/wAq+OcJ6dN+d9WrrkzHoO4I+cjx+9tY+W</latexit><latexit sha1_base64="KBd6dkRA+uHs+V6+aVl6Oms/4IY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWdFpC+1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzIsmZNp737RSWlldW14rr7sbm1vZOaXevrtNMERqQlKeqGWFNORM0MMxw2pSK4iTitBENrsZ5454qzVJxZ4aShgnuCRYzgo21btuSdUplr+JNhBbBn0H54sM9l29fbq1T+mx3U5IlVBjCsdYt35MmzLEyjHA6ctuZphKTAe7RlkWBE6rDfDLqCB1Zp4viVNknDJq4vztynGg9TCJbmWDT1/PZ2Pwva2UmPgtzJmRmqCDTj+KMI5Oi8d6oyxQlhg8tYKKYnRWRPlaYGHsd1x7Bn195EeonFd+r+DdeuXoJUxXhAA7hGHw4hSpcQw0CINCDB3iCZ4c7j86L8zotLTiznn34I+f9B69EkQo=</latexit><latexit sha1_base64="KBd6dkRA+uHs+V6+aVl6Oms/4IY=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OhGLLpxWdFpC+1QMmmmDc1kQpIRytBHcONCEZf6Lu7diG9jello6w+Bj/8/h5xzIsmZNp737RSWlldW14rr7sbm1vZOaXevrtNMERqQlKeqGWFNORM0MMxw2pSK4iTitBENrsZ5454qzVJxZ4aShgnuCRYzgo21btuSdUplr+JNhBbBn0H54sM9l29fbq1T+mx3U5IlVBjCsdYt35MmzLEyjHA6ctuZphKTAe7RlkWBE6rDfDLqCB1Zp4viVNknDJq4vztynGg9TCJbmWDT1/PZ2Pwva2UmPgtzJmRmqCDTj+KMI5Oi8d6oyxQlhg8tYKKYnRWRPlaYGHsd1x7Bn195EeonFd+r+DdeuXoJUxXhAA7hGHw4hSpcQw0CINCDB3iCZ4c7j86L8zotLTiznn34I+f9B69EkQo=</latexit><latexit sha1_base64="srI/+mpt52+eVwv/VqdQA8gG3Ag=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxIns2WhJtLDEKksCF7C17sGFv77I7Z0Iu/AQbC42x9RfZ+W9c4AoFXzLJy3szmZkXpkpapPTbK62tb2xulbcrO7t7+wfVw6O2TTLDRYsnKjGdkFmhpBYtlKhEJzWCxaESj+H4ZuY/PgljZaIfcJKKIGZDLSPJGTrpvpfKfrVG63QOskr8gtSgQLNf/eoNEp7FQiNXzNquT1MMcmZQciWmlV5mRcr4mA1F11HNYmGDfH7qlJw5ZUCixLjSSObq74mcxdZO4tB1xgxHdtmbif953QyjqyCXOs1QaL5YFGWKYEJmf5OBNIKjmjjCuJHuVsJHzDCOLp2KC8FffnmVtC/qPq37d7TWuC7iKMMJnMI5+HAJDbiFJrSAwxCe4RXePOW9eO/ex6K15BUzx/AH3ucPTn2NyQ==</latexit>

Summary

H
<latexit sha1_base64="F0ndkRFiHMACnNvAGHXwZHm71hQ=">AAAB6HicbZC7SwNBEMbnfMb4ilraLAbBKtzZaCMGbVImYB6QHGFvM5es2ds7dveEcATsbSwUsfWfsbfzv3HzKDTxg4Uf3zfDzkyQCK6N6347K6tr6xubua389s7u3n7h4LCh41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+HtJG8+oNI8lndmlKAf0b7kIWfUWKtW6RaKbsmdiiyDN4fi9Wf+6hEAqt3CV6cXszRCaZigWrc9NzF+RpXhTOA430k1JpQNaR/bFiWNUPvZdNAxObVOj4Sxsk8aMnV/d2Q00noUBbYyomagF7OJ+V/WTk146WdcJqlByWYfhakgJiaTrUmPK2RGjCxQpridlbABVZQZe5u8PYK3uPIyNM5Lnlvyam6xfAMz5eAYTuAMPLiAMlSgCnVggPAEL/Dq3DvPzpvzPitdceY9R/BHzscPC4COlQ==</latexit><latexit sha1_base64="FAlAosIQa5DYsJs20oqD86uLjs4=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoE3KBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGN5O8eY9SsVjc6lGCfkT6goWMEm2sWqVbKLoldypnGbw5FK8+7Mvk/cuudgufnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnxDg9J4yleUI7U/d3R0YipUZRYCojogdqMZuY/2XtVIcXfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXHkZGmclzy15NbdYvoaZ8nAEx3AKHpxDGSpQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD/QCQCQ==</latexit><latexit sha1_base64="FAlAosIQa5DYsJs20oqD86uLjs4=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8UgWIVdG23EoE3KBMwFkiXMTs4mY2Znl5lZISx5AhsLRWz1YextxLdxcik08YeBj/8/hznnBAlnSrvut5VbWV1b38hv2lvbO7t7hf2DhopTSbFOYx7LVkAUciawrpnm2Eokkijg2AyGN5O8eY9SsVjc6lGCfkT6goWMEm2sWqVbKLoldypnGbw5FK8+7Mvk/cuudgufnV5M0wiFppwo1fbcRPsZkZpRjmO7kypMCB2SPrYNChKh8rPpoGPnxDg9J4yleUI7U/d3R0YipUZRYCojogdqMZuY/2XtVIcXfsZEkmoUdPZRmHJHx85ka6fHJFLNRwYIlczM6tABkYRqcxvbHMFbXHkZGmclzy15NbdYvoaZ8nAEx3AKHpxDGSpQhTpQQHiAJ3i27qxH68V6nZXmrHnPIfyR9fYD/QCQCQ==</latexit><latexit sha1_base64="tDL0KQj7rKPwqwJH9dydiNL0U6A=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc2UhJtKCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0fuF3n1BpHssHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHNz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0bqqeW/VabqV+l8dRhAu4hGvw4Bbq0IAmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w+cOYzI</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

V
<latexit sha1_base64="VhmoshLrlAeH741qcsocHS+LHDE=">AAAB6HicbZC7SwNBEMbn4ivGV9TSZjEIVuHORhsxaGOZgHlAcoS9zVyyZm/v2N0TwhGwt7FQxNZ/xt7O/8bNo9DEDxZ+fN8MOzNBIrg2rvvt5FZW19Y38puFre2d3b3i/kFDx6liWGexiFUroBoFl1g33AhsJQppFAhsBsObSd58QKV5LO/MKEE/on3JQ86osVat0S2W3LI7FVkGbw6lq8/C5SMAVLvFr04vZmmE0jBBtW57bmL8jCrDmcBxoZNqTCgb0j62LUoaofaz6aBjcmKdHgljZZ80ZOr+7shopPUoCmxlRM1AL2YT87+snZrwws+4TFKDks0+ClNBTEwmW5MeV8iMGFmgTHE7K2EDqigz9jYFewRvceVlaJyVPbfs1dxS5RpmysMRHMMpeHAOFbiFKtSBAcITvMCrc+88O2/O+6w058x7DuGPnI8fILiOow==</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="Nxheu69uMqdDkPok5Y7OkJTNTNk=">AAAB6HicbZC7SgNBFIbPeo3rLWppMxgEq7Bro40YtLFMwFwgCWF2cjYZMzu7zMwKYckT2FgoYqsPY28jvo2TS6GJPwx8/P85zDknSATXxvO+naXlldW19dyGu7m1vbOb39uv6ThVDKssFrFqBFSj4BKrhhuBjUQhjQKB9WBwPc7r96g0j+WtGSbYjmhP8pAzaqxVqXXyBa/oTUQWwZ9B4fLDvUjev9xyJ//Z6sYsjVAaJqjWTd9LTDujynAmcOS2Uo0JZQPaw6ZFSSPU7Wwy6IgcW6dLwljZJw2ZuL87MhppPYwCWxlR09fz2dj8L2umJjxvZ1wmqUHJph+FqSAmJuOtSZcrZEYMLVCmuJ2VsD5VlBl7G9cewZ9feRFqp0XfK/oVr1C6gqlycAhHcAI+nEEJbqAMVWCA8ABP8OzcOY/Oi/M6LV1yZj0H8EfO2w8SR5AX</latexit><latexit sha1_base64="bK4AoZpVsNJfGdmb/OozznVIG0w=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa7UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QOxcYzW</latexit>

We discussed the non-factorizable corrections to process of the weak boson fusion type  Our interest to understand 
these effect is related to an impressive progress in computing factorizable corrections, where N3LO QCD corrections 
to inclusive WBF have been computed. 


