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Cross sections @ N3LO
• Inclusive LHC cross sections known at N3LO: ggH, bbH,    , W, 

ggHH [Chen, Li, Shao, Wang], VBF-DIS [Dreyer,Karlberg].
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<latexit sha1_base64="MT7bW8g0AJniJYcNqhSuo4ZwTb8=">AAACBXicbVDLSgNBEOz1GeMr6tHLYBDEQ9iVgHoLePEYwTwgWUPvZDYZMrO7zMwKIQS8efeqv+BNvPod/oGf4WySg0ksaCiquqd7KkgE18Z1v52V1bX1jc3cVn57Z3dvv3BwWNdxqiir0VjEqhmgZoJHrGa4EayZKIYyEKwRDG4yv/HIlOZxdG+GCfMl9iIecorGSs12D6XEh/NOoeiW3AnIMvFmpAgzVDuFn3Y3pqlkkaECtW55bmL8ESrDqWDjfDvVLEE6wB5rWRqhZNofTe4dk1OrdEkYK1uRIRP178QIpdZDGdhOiaavF71M/M9rpSa88kc8SlLDIjpdFKaCmJhknyddrhg1YmgJUsXtrYT2USE1NqK5LdnbSod6nLfReItBLJP6Rckrl67vysVK5WkaUg6O4QTOwINLqMAtVKEGFAS8wCu8Oc/Ou/PhfE5bV5xZsEcwB+frF56ZmZ4=</latexit>

⇠ few %

<latexit sha1_base64="JAFVpBe3BzQBSAJFH38Pud2UCts=">AAAB/nicbZBLSwMxFIUz9VXra1RcuQkWwVWZEUWXBTcuK9hW6JSSSe9oaJIZkjtqGQr+FTcuFHHr73DnvzF9LHwdCHycc0NuTpxJYTEIPr3S3PzC4lJ5ubKyura+4W9utWyaGw5NnsrUXMXMghQamihQwlVmgKlYQjsenI3z9i0YK1J9icMMuopda5EIztBZPX8nskLRCOEejSoSuKMjGu33/GpQCyaifyGcQZXM1Oj5H1E/5bkCjVwyazthkGG3YAYFlzCqRLmFjPEBu4aOQ80U2G4xWX9E953Tp0lq3NFIJ+73GwVT1g5V7CYVwxv7Oxub/2WdHJPTbiF0liNoPn0oySXFlI67oH1hgKMcOmDcCLcr5TfMMI6usYorIfz95b/QOqyFR7Xji6Nqvf4wraNMdskeOSAhOSF1ck4apEk4KcgjeSYv3oP35L16b9PRkjercJv8kPf+BcXzlcM=</latexit>

• General pattern: ⇠ 0.95� 1.05

<latexit sha1_base64="1/L2ZW041ioUiZYGPpj0LkLO7pE=">AAAB+XicbZBLSwMxFIXv+Kz1NerSTbAIbhxmpEXdFdy4rGAf0A4lk2ba0CQzJJlCGQr+EDcuFHHrP3HnvzF9LLT1QODjnBtyc6KUM218/9tZW9/Y3Nou7BR39/YPDt2j44ZOMkVonSQ8Ua0Ia8qZpHXDDKetVFEsIk6b0fBumjdHVGmWyEczTmkocF+ymBFsrNV13Y5mAvnebQVdosDzK1235Hv+TGgVggWUYKFa1/3q9BKSCSoN4VjrduCnJsyxMoxwOil2Mk1TTIa4T9sWJRZUh/ls8wk6t04PxYmyRxo0c3/fyLHQeiwiOymwGejlbGr+l7UzE9+EOZNpZqgk84fijCOToGkNqMcUJYaPLWCimN0VkQFWmBhbVtGWECx/eRUaV15Q9ioP5VK1+jSvowCncAYXEMA1VOEealAHAiN4hld4c3LnxXl3Puaja86iwhP4I+fzB85RkZM=</latexit>
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<latexit sha1_base64="yq2aDa1BnPZ5awSHASJMxfCcdAE="></latexit>

[except VBF-DIS]

➡ Residual scale dependence 

⇠ 1� 3%

<latexit sha1_base64="19jf4rkzLT1jSCpwhC5nLzQl7/w=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBkPAi2HXRPQY8OIxgnlgdgmzk9lkyMzsMjMrhCXgR3jxoIhX/8abf+PkcdDEgoaiqpvurjDhTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjVBHaJDGPVSfEmnImadMww2knURSLkNN2OLqZ+u1HqjSL5b0ZJzQQeCBZxAg2VnrwNRPIO6/65V6x5FbcGdAq8RakBAs0esUvvx+TVFBpCMdadz03MUGGlWGE00nBTzVNMBnhAe1aKrGgOshmF09Q2Sp9FMXKljRopv6eyLDQeixC2ymwGeplbyr+53VTE10HGZNJaqgk80VRypGJ0fR91GeKEsPHlmCimL0VkSFWmBgbUsGG4C2/vEpaFxWvVrm8q5Xq9ad5HHk4gVM4Aw+uoA630IAmEJDwDK/w5mjnxXl3PuatOWcR4TH8gfP5AwHHkDs=</latexit>

➡ Uncertainty from missing N3LO PDFs
➡ PDF          uncertainty ⇠ 2� 9%

<latexit sha1_base64="OUTYx7NJY4+1BTEuKl09C8balFw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBkPAi2E3RNRbwIvHCOaB2SXMTmaTITOzy8ysEJaAH+HFgyJe/Rtv/o2Tx0ETCxqKqm66u8KEM21c99vJra1vbG7ltws7u3v7B8XDo5aOU0Vok8Q8Vp0Qa8qZpE3DDKedRFEsQk7b4ehm6rcfqdIslvdmnNBA4IFkESPYWOnB10yg6vm1X+4VS27FnQGtEm9BSrBAo1f88vsxSQWVhnCsdddzExNkWBlGOJ0U/FTTBJMRHtCupRILqoNsdvEEla3SR1GsbEmDZurviQwLrccitJ0Cm6Fe9qbif143NdFVkDGZpIZKMl8UpRyZGE3fR32mKDF8bAkmitlbERlihYmxIRVsCN7yy6ukVa14tcrFXa1Urz/N48jDCZzCGXhwCXW4hQY0gYCEZ3iFN0c7L8678zFvzTmLCI/hD5zPHwxzkEI=</latexit>
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<latexit sha1_base64="2ezjMygidSx/ShKplS+7lDiY4Wk=">AAACBnicbVDLSgMxFM3UV62vqks3wSIIQpmRgroruHFZ0T6kHcqdNNOGJpkhyQhlKLh071Z/wZ249Tf8Az/DTNuFbT1w4XDOvbk3J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUYTWScQj1QpAU84krRtmOG3FioIIOG0Gw+vMbz5SpVkk780opr6AvmQhI2Cs9HDWAR4PoHvXLZbcsjsBXibejJTQDLVu8afTi0giqDSEg9Ztz42Nn4IyjHA6LnQSTWMgQ+jTtqUSBNV+Ojl4jE+s0sNhpGxJgyfq34kUhNYjEdhOAWagF71M/M9rJya89FMm48RQSaaLwoRjE+Hs97jHFCWGjywBopi9FZMBKCDGZjS3JXtb6VCPCzYabzGIZdI4L3uV8tVtpVStPk1DyqMjdIxOkYcuUBXdoBqqI4IEekGv6M15dt6dD+dz2ppzZsEeojk4X79SCZoA</latexit>
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➡ Simpler than differential/multi-scale processes.
➡ Use them as templates to understand the precision we can reach.

[Q GeV]



Questions/lessons learned

1. N3LO K-factor                 even for simplest processes!⇠ few %

<latexit sha1_base64="JAFVpBe3BzQBSAJFH38Pud2UCts=">AAAB/nicbZBLSwMxFIUz9VXra1RcuQkWwVWZEUWXBTcuK9hW6JSSSe9oaJIZkjtqGQr+FTcuFHHr73DnvzF9LHwdCHycc0NuTpxJYTEIPr3S3PzC4lJ5ubKyura+4W9utWyaGw5NnsrUXMXMghQamihQwlVmgKlYQjsenI3z9i0YK1J9icMMuopda5EIztBZPX8nskLRCOEejSoSuKMjGu33/GpQCyaifyGcQZXM1Oj5H1E/5bkCjVwyazthkGG3YAYFlzCqRLmFjPEBu4aOQ80U2G4xWX9E953Tp0lq3NFIJ+73GwVT1g5V7CYVwxv7Oxub/2WdHJPTbiF0liNoPn0oySXFlI67oH1hgKMcOmDcCLcr5TfMMI6usYorIfz95b/QOqyFR7Xji6Nqvf4wraNMdskeOSAhOSF1ck4apEk4KcgjeSYv3oP35L16b9PRkjercJv8kPf+BcXzlcM=</latexit>

• Target precision: ⇠ 1%

<latexit sha1_base64="KrNQ+lkpyIHr2JRUr0RNZW1nG2k=">AAACBXicbVDLSgMxFL1TX7W+qi7dBEvBVZmRgroruHFZwT6gM5RMmmlDk8yQZIQyFNy5d6u/4E7c+h3+gZ9hpu3Cth64cDjn3tybEyacaeO6305hY3Nre6e4W9rbPzg8Kh+ftHWcKkJbJOax6oZYU84kbRlmOO0mimIRctoJx7e533mkSrNYPphJQgOBh5JFjGBjpa6vmUCeX+2XK27NnQGtE29BKrBAs1/+8QcxSQWVhnCsdc9zExNkWBlGOJ2W/FTTBJMxHtKepRILqoNsdu8UVa0yQFGsbEmDZurfiQwLrScitJ0Cm5Fe9XLxP6+Xmug6yJhMUkMlmS+KUo5MjPLPowFTlBg+sQQTxeytiIywwsTYiJa25G8rHelpyUbjrQaxTtqXNa9eu7mvVxqNp3lIRTiDc7gAD66gAXfQhBYQ4PACr/DmPDvvzofzOW8tOItgT2EJztcv6lGZLg==</latexit>

2. We need to improve on PDFs (incl. N3LO-PDFs!).

3. Non-overlapping scale bands: need better way to estimate 
uncertainty from higher orders.
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➡ Related to large cancellations 
between partonic channels?

➡ Present for DY and W, not for H.

➡ Intricate interplay between 
missing higher order and PDF 
uncertainty?


