
Implications for high-energy astroparticle physics
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• heavy quark production (NLO, large theory uncertainties for charm)
• large- and small-x PDFs (interesting here and in other contexts)
• fragmentation (and beam coalescence)
• nuclear corrections 
• connection to Monte Carlo simulations

• Tight connection between forward physics at the LHC and the atmospheric 
lepton fluxes at high energies.

• Atmospheric charm production, with its large theoretical uncertainties can
benefit from data-driven “constraints” & “calibrations”  of theory prediction:



Atmospheric neutrinos from charm

November 10, 2020 Forward Physics Facility Kickoff 2

xE(
p
s, pT ) ! y

<latexit sha1_base64="k3aX1NuaRODoPmP/TXU0d1e1Io4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARKkhJqmCXBRFcVugLmhAm00k7dDKJMxMxxC78FTcuFHHrb7jzb5y2WWj1wIXDOfdy7z1+zKhUlvVlFJaWV1bXiuuljc2t7R1zd68jo0Rg0sYRi0TPR5IwyklbUcVILxYEhT4jXX98OfW7d0RIGvGWSmPihmjIaUAxUlryzIN776riyFuhMjk5jb3WiaMimHpm2apaM8C/xM5JGeRoeu anM4hwEhKuMENS9m0rVm6GhKKYkUnJSSSJER6jIelrylFIpJvN7p/AY60MYBAJXVzBmfpzIkOhlGno684QqZFc9Kbif14/UUHdzSiPE0U4ni8KEgb1i9Mw4IAKghVLNUFYUH0rxCMkEFY6spIOwV58+S/p1Kr2WbV2c15u1PM4iuAQHIEKsMEFaIBr0ARtgMEDeAIv4NV4NJ6NN+N93low8pl98AvGxzdfmJWm</latexit>

xE = ED/Ep
<latexit sha1_base64="lOOdTUnAYt+C3Vltpqwrho86lmc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4qkkV7EUoaMFjBfsBaQib7aZdutmE3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZFySCa7Dtb2tldW19Y7OwVdze2d3bLx0ctnWcKspaNBax6gZEM8ElawEHwbqJYiQKBOsEo5up33lkSvNYPsA4YV5EBpKHnBIwkvvkN64b/u15w0/8Utmu2DPgZeLkpIxyNP3SV68f0zRiEqggWr uOnYCXEQWcCjYp9lLNEkJHZMBcQyWJmPay2ckTfGqUPg5jZUoCnqm/JzISaT2OAtMZERjqRW8q/ue5KYQ1L+MySYFJOl8UpgJDjKf/4z5XjIIYG0Ko4uZWTIdEEQompaIJwVl8eZm0qxXnolK9vyzXa3kcBXSMTtAZctAVqqM71EQtRFGMntErerPAerHerY9564qVzxyhP7A+fwAGOZBm</latexit>

106 GeV
<latexit sha1_base64="z/Dwq37HALH6sLQup2+K+jJtD8k=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXwVHaraI8FD3qsYD+gu5ZsmrahSXZJsoWy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5UcKZNp737aytb2xubRd2irt7+weH7tFxU8epIrRBYh6rdoQ15UzShmGG03aiKBYRp61odDvzW2OqNIvlo5kkNBR4IFmfEWys1HVd33u6RgHKAiXQHW1Ou27JK3tzoFXi56QEOepd9yvoxSQVVB rCsdYd30tMmGFlGOF0WgxSTRNMRnhAO5ZKLKgOs/nlU3RulR7qx8qWNGiu/p7IsNB6IiLbKbAZ6mVvJv7ndVLTr4YZk0lqqCSLRf2UIxOjWQyoxxQlhk8swUQxeysiQ6wwMTasog3BX355lTQrZf+yXHm4KtWqeRwFOIUzuAAfbqAG91CHBhAYwzO8wpuTOS/Ou/OxaF1z8pkT+APn8wdeWJIr</latexit> 107 GeV

<latexit sha1_base64="PWk4lOZBxpc9IhuBXvn1aPW+Xz8=">AAAB+XicbVBNTwIxEJ3FL8SvVY9eGomJJ7KLJnAk8aBHTARJ2JV0S4GGtrtpuyRkwz/x4kFjvPpPvPlvLLAHBV8yyct7M5mZFyWcaeN5305hY3Nre6e4W9rbPzg8co9P2jpOFaEtEvNYdSKsKWeStgwznHYSRbGIOH2Mxjdz/3FClWaxfDDThIYCDyUbMIKNlXqu63tPNRSgLFAC3dL2rOeWvYq3AFonfk7KkKPZc7+CfkxSQaUhHGvd9b3EhBlWhhFOZ6Ug1TTBZIyHtGupxILqMFtcPkMXVumjQaxsSYMW6u+JDAutpyKynQKbkV715uJ/Xjc1g3qYMZmkhkqyXDRIOTIxmseA+kxRYvjUEkwUs7ciMsIKE2PDKtkQ/NWX10m7WvGvKtX763KjnsdRhDM4h0vwoQYNuIMmtIDABJ7hFd6czHlx3p2PZWvByWdO4Q+czx9f6JIs</latexit>

• Higher neutrino energies, weighted with falling 
cosmic ray spectrum, mean higher charm rapidities.
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Ingredients
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• Cosmic ray flux: spectrum and composition
• Cosmic ray cross section with air
• Leading nucleon energy after interaction
• Charm production cross section and fragmentation
• Charm hadron energy distributions
• Charm hadron decay distribution
• Charm re-scattering distribution
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Discussion
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• Other ties between forward physics and astroparticle physics?
• Wish list for charm and neutrino production


