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Introduction
• Update on the work from the Bartol group:

• Oxford/IPMU: L.Cook, G.Barr, M.Hartz
• University of Delaware: T. Gaisser, T.Stanev, S.Tilav

• Bartol Monte Carlo last major flux update from 2004 
• Use of fixed target cross section data to tune neutrino 

flux 
• Dataset driven approach to Hadron Tuning and Error 

Propagation
• Use beam neutrino modelling techniques on the 

atmospheric flux
• Recent hadron production dataset releases (e.g. NA61 

NA49)
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Overview of Bartol Calculation

• Primary cosmic rays 
generated at 80 Km
• Mostly free protons and 

alpha particles 
• Tracked and shower 

through variable density 
atmosphere
• Fluxes Tuned to primary 

cosmic ray data
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Overview of Bartol Calculation

• 3D Calculation
• Target2.4 used as hadron 

production generator
• Not previously tuned to 

muon flux data
• Primary cosmic rays 

generated  between 1 GeV 
and 10 TeV
• Output un-oscillated muon 

and electron neutrino flux at 
the detector site
• Primary cosmic ray fluxes 

and hadronic interactions 
are major uncertainties
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Hadronic Interactions
• Showers origin of neutrinos 
• Interactions considered in 

terms of inclusive cross 
sections:

• Phase space of interactions 
considered at a particular 
beam energy in outgoing pion 
kinematics:

• Isospin arguments used to 
deduce the corresponding 
Neutron cross sections
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<latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit>

e�
<latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit>

p
<latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit>

⌫e
<latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit>

⌫̄e
<latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit>

⌫̄µ
<latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

⌫̄µ
<latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

p
<latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit>

⇡+
<latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

5

p+N2 ! ⇡+ +X
<latexit sha1_base64="fy2wz90AQO8amNBGp0Z96BCRNIk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCUChJEdRb0YsnqWBsoYlls920SzfZZXejlNCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhYJRpR3n2yosLC4trxRXS2vrG5tb9vbOreKpxMTDnHHZCpEijCbE01Qz0hKSoDhkpBkOLsZ+855IRXlyo4eCBDHqJTSiGGkjdex9ASvwqlODvqS9vkZS8gfoC3pXMXqrY5edqjMBnCduTsogR6Njf/ldjtOYJBozpFTbdYQOMiQ1xYyMSn6qiEB4gHqkbWiCYqKCbPLGCB4apQsjLk0lGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnQYZTUSqSYKni6KUQc3hOBPYpZJgzYaGICypuRXiPpIIa5NcyYTgzr48T7xa9azqXh+X6+d5GkWwBw7AEXDBCaiDS9AAHsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHcHyWwQ==</latexit><latexit sha1_base64="fy2wz90AQO8amNBGp0Z96BCRNIk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCUChJEdRb0YsnqWBsoYlls920SzfZZXejlNCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhYJRpR3n2yosLC4trxRXS2vrG5tb9vbOreKpxMTDnHHZCpEijCbE01Qz0hKSoDhkpBkOLsZ+855IRXlyo4eCBDHqJTSiGGkjdex9ASvwqlODvqS9vkZS8gfoC3pXMXqrY5edqjMBnCduTsogR6Njf/ldjtOYJBozpFTbdYQOMiQ1xYyMSn6qiEB4gHqkbWiCYqKCbPLGCB4apQsjLk0lGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnQYZTUSqSYKni6KUQc3hOBPYpZJgzYaGICypuRXiPpIIa5NcyYTgzr48T7xa9azqXh+X6+d5GkWwBw7AEXDBCaiDS9AAHsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHcHyWwQ==</latexit><latexit sha1_base64="fy2wz90AQO8amNBGp0Z96BCRNIk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCUChJEdRb0YsnqWBsoYlls920SzfZZXejlNCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhYJRpR3n2yosLC4trxRXS2vrG5tb9vbOreKpxMTDnHHZCpEijCbE01Qz0hKSoDhkpBkOLsZ+855IRXlyo4eCBDHqJTSiGGkjdex9ASvwqlODvqS9vkZS8gfoC3pXMXqrY5edqjMBnCduTsogR6Njf/ldjtOYJBozpFTbdYQOMiQ1xYyMSn6qiEB4gHqkbWiCYqKCbPLGCB4apQsjLk0lGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnQYZTUSqSYKni6KUQc3hOBPYpZJgzYaGICypuRXiPpIIa5NcyYTgzr48T7xa9azqXh+X6+d5GkWwBw7AEXDBCaiDS9AAHsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHcHyWwQ==</latexit><latexit sha1_base64="fy2wz90AQO8amNBGp0Z96BCRNIk=">AAACBXicbVBNS8NAEN3Ur1q/oh5FWCyCUChJEdRb0YsnqWBsoYlls920SzfZZXejlNCTF/+KFw8qXv0P3vw3btsctPXBwOO9GWbmhYJRpR3n2yosLC4trxRXS2vrG5tb9vbOreKpxMTDnHHZCpEijCbE01Qz0hKSoDhkpBkOLsZ+855IRXlyo4eCBDHqJTSiGGkjdex9ASvwqlODvqS9vkZS8gfoC3pXMXqrY5edqjMBnCduTsogR6Njf/ldjtOYJBozpFTbdYQOMiQ1xYyMSn6qiEB4gHqkbWiCYqKCbPLGCB4apQsjLk0lGk7U3xMZipUaxqHpjJHuq1lvLP7ntVMdnQYZTUSqSYKni6KUQc3hOBPYpZJgzYaGICypuRXiPpIIa5NcyYTgzr48T7xa9azqXh+X6+d5GkWwBw7AEXDBCaiDS9AAHsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHcHyWwQ==</latexit>



Tuning Method and Aims
1. Run Atmospheric Monte Carlo 

recording hadron interaction 
chain

2. Reweight flux by weighting 
neutrinos according to hadron 
production

3. Weight

p
<latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit>

⇡+
<latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit>

⇡�
<latexit sha1_base64="KTqnIrFnLrmBYQpDnAenIsd0VtY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsN+3azW7Y3Qgl9D948aDi1R/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW+/qWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm9xvPVGlmRT3ZpzQIMYDwSJGsLFSs5uwh9Nyr1J1a+4UaJF4BalCgUav8tXtS5LGVBjCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiwVOKY6yKbXTtCxVfooksqWMGiq/p7IcKz1OA5tZ4zNUM97ufif10lNdBlkTCSpoYLMFkUpR0ai/HXUZ4oSw8eWYKKYvRWRIVaYGBtQHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvhA4BGe4RXeHOm8OO/Ox6x1ySlmDuAPnM8fEfWOVA==</latexit><latexit sha1_base64="KTqnIrFnLrmBYQpDnAenIsd0VtY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsN+3azW7Y3Qgl9D948aDi1R/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW+/qWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm9xvPVGlmRT3ZpzQIMYDwSJGsLFSs5uwh9Nyr1J1a+4UaJF4BalCgUav8tXtS5LGVBjCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiwVOKY6yKbXTtCxVfooksqWMGiq/p7IcKz1OA5tZ4zNUM97ufif10lNdBlkTCSpoYLMFkUpR0ai/HXUZ4oSw8eWYKKYvRWRIVaYGBtQHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvhA4BGe4RXeHOm8OO/Ox6x1ySlmDuAPnM8fEfWOVA==</latexit><latexit sha1_base64="KTqnIrFnLrmBYQpDnAenIsd0VtY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsN+3azW7Y3Qgl9D948aDi1R/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW+/qWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm9xvPVGlmRT3ZpzQIMYDwSJGsLFSs5uwh9Nyr1J1a+4UaJF4BalCgUav8tXtS5LGVBjCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiwVOKY6yKbXTtCxVfooksqWMGiq/p7IcKz1OA5tZ4zNUM97ufif10lNdBlkTCSpoYLMFkUpR0ai/HXUZ4oSw8eWYKKYvRWRIVaYGBtQHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvhA4BGe4RXeHOm8OO/Ox6x1ySlmDuAPnM8fEfWOVA==</latexit><latexit sha1_base64="KTqnIrFnLrmBYQpDnAenIsd0VtY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsN+3azW7Y3Qgl9D948aDi1R/kzX/jps1BWx8MPN6bYWZemHCmjet+O0vLK6tr66WN8ubW9s5uZW+/qWWqCPWJ5FK1Q6wpZ4L6hhlO24miOA45bYWjm9xvPVGlmRT3ZpzQIMYDwSJGsLFSs5uwh9Nyr1J1a+4UaJF4BalCgUav8tXtS5LGVBjCsdYdz01MkGFlGOF0Uu6mmiaYjPCAdiwVOKY6yKbXTtCxVfooksqWMGiq/p7IcKz1OA5tZ4zNUM97ufif10lNdBlkTCSpoYLMFkUpR0ai/HXUZ4oSw8eWYKKYvRWRIVaYGBtQHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvhA4BGe4RXeHOm8OO/Ox6x1ySlmDuAPnM8fEfWOVA==</latexit>

µ+
<latexit sha1_base64="6TIUtlnXq96cKs7iuMx8ubPUsuI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEEoSQiqLeiF48VTFtoY9lsN+3a/Qi7G6GE/gcvHlS8+oO8+W/ctDlo64OBx3szzMyLEka18bxvZ2l5ZXVtvbRR3tza3tmt7O03tUwVJgGWTKp2hDRhVJDAUMNIO1EE8YiRVjS6yf3WE1GaSnFvxgkJORoIGlOMjJWaXZ4+nJZ7lapX86ZwF4lfkCoUaPQqX92+xCknwmCGtO74XmLCDClDMSOTcjfVJEF4hAakY6lAnOgwm147cY+t0ndjqWwJ407V3xMZ4lqPeWQ7OTJDPe/l4n9eJzXxZZhRkaSGCDxbFKfMNdLNX3f7VBFs2NgShBW1t7p4iBTCxgaUh+DPv7xIgrPaVc2/O6/Wr4s0SnAIR3ACPlxAHW6hAQFgeIRneIU3RzovzrvzMWtdcoqZA/gD5/MHHKCOWw==</latexit><latexit sha1_base64="6TIUtlnXq96cKs7iuMx8ubPUsuI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEEoSQiqLeiF48VTFtoY9lsN+3a/Qi7G6GE/gcvHlS8+oO8+W/ctDlo64OBx3szzMyLEka18bxvZ2l5ZXVtvbRR3tza3tmt7O03tUwVJgGWTKp2hDRhVJDAUMNIO1EE8YiRVjS6yf3WE1GaSnFvxgkJORoIGlOMjJWaXZ4+nJZ7lapX86ZwF4lfkCoUaPQqX92+xCknwmCGtO74XmLCDClDMSOTcjfVJEF4hAakY6lAnOgwm147cY+t0ndjqWwJ407V3xMZ4lqPeWQ7OTJDPe/l4n9eJzXxZZhRkaSGCDxbFKfMNdLNX3f7VBFs2NgShBW1t7p4iBTCxgaUh+DPv7xIgrPaVc2/O6/Wr4s0SnAIR3ACPlxAHW6hAQFgeIRneIU3RzovzrvzMWtdcoqZA/gD5/MHHKCOWw==</latexit><latexit sha1_base64="6TIUtlnXq96cKs7iuMx8ubPUsuI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEEoSQiqLeiF48VTFtoY9lsN+3a/Qi7G6GE/gcvHlS8+oO8+W/ctDlo64OBx3szzMyLEka18bxvZ2l5ZXVtvbRR3tza3tmt7O03tUwVJgGWTKp2hDRhVJDAUMNIO1EE8YiRVjS6yf3WE1GaSnFvxgkJORoIGlOMjJWaXZ4+nJZ7lapX86ZwF4lfkCoUaPQqX92+xCknwmCGtO74XmLCDClDMSOTcjfVJEF4hAakY6lAnOgwm147cY+t0ndjqWwJ407V3xMZ4lqPeWQ7OTJDPe/l4n9eJzXxZZhRkaSGCDxbFKfMNdLNX3f7VBFs2NgShBW1t7p4iBTCxgaUh+DPv7xIgrPaVc2/O6/Wr4s0SnAIR3ACPlxAHW6hAQFgeIRneIU3RzovzrvzMWtdcoqZA/gD5/MHHKCOWw==</latexit><latexit sha1_base64="6TIUtlnXq96cKs7iuMx8ubPUsuI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBEEoSQiqLeiF48VTFtoY9lsN+3a/Qi7G6GE/gcvHlS8+oO8+W/ctDlo64OBx3szzMyLEka18bxvZ2l5ZXVtvbRR3tza3tmt7O03tUwVJgGWTKp2hDRhVJDAUMNIO1EE8YiRVjS6yf3WE1GaSnFvxgkJORoIGlOMjJWaXZ4+nJZ7lapX86ZwF4lfkCoUaPQqX92+xCknwmCGtO74XmLCDClDMSOTcjfVJEF4hAakY6lAnOgwm147cY+t0ndjqWwJ407V3xMZ4lqPeWQ7OTJDPe/l4n9eJzXxZZhRkaSGCDxbFKfMNdLNX3f7VBFs2NgShBW1t7p4iBTCxgaUh+DPv7xIgrPaVc2/O6/Wr4s0SnAIR3ACPlxAHW6hAQFgeIRneIU3RzovzrvzMWtdcoqZA/gD5/MHHKCOWw==</latexit>

µ�
<latexit sha1_base64="dudrwuQM30DjjGLpXsAMLKua+nI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBG8WBIR1FvRi8cKpi20sWy2m3btfoTdjVBC/4MXDype/UHe/Ddu2hy09cHA470ZZuZFCaPaeN63s7S8srq2Xtoob25t7+xW9vabWqYKkwBLJlU7QpowKkhgqGGknSiCeMRIKxrd5H7riShNpbg344SEHA0EjSlGxkrNLk8fTsu9StWreVO4i8QvSBUKNHqVr25f4pQTYTBDWnd8LzFhhpShmJFJuZtqkiA8QgPSsVQgTnSYTa+duMdW6buxVLaEcafq74kMca3HPLKdHJmhnvdy8T+vk5r4MsyoSFJDBJ4tilPmGunmr7t9qgg2bGwJworaW108RAphYwPKQ/DnX14kwVntqubfnVfr10UaJTiEIzgBHy6gDrfQgAAwPMIzvMKbI50X5935mLUuOcXMAfyB8/kDH6iOXQ==</latexit><latexit sha1_base64="dudrwuQM30DjjGLpXsAMLKua+nI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBG8WBIR1FvRi8cKpi20sWy2m3btfoTdjVBC/4MXDype/UHe/Ddu2hy09cHA470ZZuZFCaPaeN63s7S8srq2Xtoob25t7+xW9vabWqYKkwBLJlU7QpowKkhgqGGknSiCeMRIKxrd5H7riShNpbg344SEHA0EjSlGxkrNLk8fTsu9StWreVO4i8QvSBUKNHqVr25f4pQTYTBDWnd8LzFhhpShmJFJuZtqkiA8QgPSsVQgTnSYTa+duMdW6buxVLaEcafq74kMca3HPLKdHJmhnvdy8T+vk5r4MsyoSFJDBJ4tilPmGunmr7t9qgg2bGwJworaW108RAphYwPKQ/DnX14kwVntqubfnVfr10UaJTiEIzgBHy6gDrfQgAAwPMIzvMKbI50X5935mLUuOcXMAfyB8/kDH6iOXQ==</latexit><latexit sha1_base64="dudrwuQM30DjjGLpXsAMLKua+nI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBG8WBIR1FvRi8cKpi20sWy2m3btfoTdjVBC/4MXDype/UHe/Ddu2hy09cHA470ZZuZFCaPaeN63s7S8srq2Xtoob25t7+xW9vabWqYKkwBLJlU7QpowKkhgqGGknSiCeMRIKxrd5H7riShNpbg344SEHA0EjSlGxkrNLk8fTsu9StWreVO4i8QvSBUKNHqVr25f4pQTYTBDWnd8LzFhhpShmJFJuZtqkiA8QgPSsVQgTnSYTa+duMdW6buxVLaEcafq74kMca3HPLKdHJmhnvdy8T+vk5r4MsyoSFJDBJ4tilPmGunmr7t9qgg2bGwJworaW108RAphYwPKQ/DnX14kwVntqubfnVfr10UaJTiEIzgBHy6gDrfQgAAwPMIzvMKbI50X5935mLUuOcXMAfyB8/kDH6iOXQ==</latexit><latexit sha1_base64="dudrwuQM30DjjGLpXsAMLKua+nI=">AAAB7HicbVBNS8NAEJ34WetX1aOXYBG8WBIR1FvRi8cKpi20sWy2m3btfoTdjVBC/4MXDype/UHe/Ddu2hy09cHA470ZZuZFCaPaeN63s7S8srq2Xtoob25t7+xW9vabWqYKkwBLJlU7QpowKkhgqGGknSiCeMRIKxrd5H7riShNpbg344SEHA0EjSlGxkrNLk8fTsu9StWreVO4i8QvSBUKNHqVr25f4pQTYTBDWnd8LzFhhpShmJFJuZtqkiA8QgPSsVQgTnSYTa+duMdW6buxVLaEcafq74kMca3HPLKdHJmhnvdy8T+vk5r4MsyoSFJDBJ4tilPmGunmr7t9qgg2bGwJworaW108RAphYwPKQ/DnX14kwVntqubfnVfr10UaJTiEIzgBHy6gDrfQgAAwPMIzvMKbI50X5935mLUuOcXMAfyB8/kDH6iOXQ==</latexit>

e+
<latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit><latexit sha1_base64="zi09hH7zw5MYda8P3QzDlRMDeVU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsJ+3S3U3Y3Qil9C948aDi1V/kzX9j0uagrQ8GHu/NMDMvTAQ31nW/naXlldW19dJGeXNre2e3srf/YOJUM/RZLGLdCqlBwRX6lluBrUQjlaHAZji8yf3mE2rDY3VvRwkGkvYVjzijNpfw8bTcrVTdmjsFWSReQapQoNGtfHV6MUslKssENabtuYkNxlRbzgROyp3UYELZkPaxnVFFJZpgPL11Qo4zpUeiWGelLJmqvyfGVBozkmHWKakdmHkvF//z2qmNLoMxV0lqUbHZoigVxMYkf5z0uEZmxSgjlGme3UrYgGrKbBZPHoI3//Ii8c9qVzXv7rxavy7SKMEhHMEJeHABdbiFBvjAYADP8ApvjnRenHfnY9a65BQzB/AHzucPhvONbg==</latexit>

e�
<latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit><latexit sha1_base64="ZiyB8m6JayLP/9CPggCreNkUOWQ=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2k3bp7ibsboRS+he8eFDx6i/y5r8xaXPQ1gcDj/dmmJkXJoIb67rfztLyyuraemmjvLm1vbNb2dt/MHGqGfosFrFuhdSg4Ap9y63AVqKRylBgMxze5H7zCbXhsbq3owQDSfuKR5xRm0v4eFruVqpuzZ2CLBKvIFUo0OhWvjq9mKUSlWWCGtP23MQGY6otZwIn5U5qMKFsSPvYzqiiEk0wnt46IceZ0iNRrLNSlkzV3xNjKo0ZyTDrlNQOzLyXi/957dRGl8GYqyS1qNhsUZQKYmOSP056XCOzYpQRyjTPbiVsQDVlNosnD8Gbf3mR+Ge1q5p3d16tXxdplOAQjuAEPLiAOtxCA3xgMIBneIU3RzovzrvzMWtdcoqZA/gD5/MHifuNcA==</latexit>

p
<latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit>

⌫e
<latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit><latexit sha1_base64="zdhQy/DqRrgurSnF+/HVXAfqyfU=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqN6KXjxWMLbQhrLZTtqlm03Y3Qgl9Dd48aDi1T/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8O/PbT6g0T+SDmaQYxHQoecQZNVbyezLrY79ac+vuHGSVeAWpQYFWv/rVGyQsi1EaJqjWXc9NTZBTZTgTOK30Mo0pZWM6xK6lksaog3x+7JScWWVAokTZkobM1d8TOY21nsSh7YypGellbyb+53UzE10FOZdpZlCyxaIoE8QkZPY5GXCFzIiJJZQpbm8lbEQVZcbmU7EheMsvrxL/on5d9+4va82bIo0ynMApnIMHDWjCHbTABwYcnuEV3hzpvDjvzseiteQUM8fwB87nD0GIjoM=</latexit>

⌫̄e
<latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit><latexit sha1_base64="VBN54BCh1z+oaieg/O+fqVeQJBs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69BIvgqSQiqLeiF48VjC0koWy203bpZjfsToQS+jO8eFDx6r/x5r9x2+ag1QcDj/dmmJmXZIIb9Lwvp7Kyura+Ud2sbW3v7O7V9w8ejMo1g4ApoXQ3oQYElxAgRwHdTANNEwGdZHwz8zuPoA1X8h4nGcQpHUo+4IyilcIoobqIZN6Daa/e8JreHO5f4pekQUq0e/XPqK9YnoJEJqgxoe9lGBdUI2cCprUoN5BRNqZDCC2VNAUTF/OTp+6JVfruQGlbEt25+nOioKkxkzSxnSnFkVn2ZuJ/Xpjj4DIuuMxyBMkWiwa5cFG5s//dPtfAUEwsoUxze6vLRlRThjalmg3BX375LwnOmldN/+680bou06iSI3JMTolPLkiL3JI2CQgjijyRF/LqoPPsvDnvi9aKU84ckl9wPr4BBqORSA==</latexit>

⌫̄µ
<latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

⌫̄µ
<latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit><latexit sha1_base64="Kd1YGO3nIoYqOEUZnEZLLVG0VYg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGcDWQXcLsZJIMmZld5xEIS77DiwcVr/6MN//GSbIHTSxoKKq66e5KMs608f1vr7Syura+Ud6sbG3v7O5V9w8edGoVoSFJeapaCdaUM0lDwwynrUxRLBJOH5PhzdR/HFGlWSrvzTijscB9yXqMYOOkOEqwyiNpO5Gwk0615tf9GdAyCQpSgwLNTvUr6qbECioN4VjrduBnJs6xMoxwOqlEVtMMkyHu07ajEguq43x29ASdOKWLeqlyJQ2aqb8nciy0HovEdQpsBnrRm4r/eW1repdxzmRmDZVkvqhnOTIpmiaAukxRYvjYEUwUc7ciMsAKE+NyqrgQgsWXl0l4Vr+qB3fntcZ1kUYZjuAYTiGAC2jALTQhBAJP8Ayv8OaNvBfv3fuYt5a8YuYQ/sD7/AGh/5I1</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

p
<latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit><latexit sha1_base64="gdmXhnXvl1tg1UV8sLU2D9fN1hY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpPqn0qzW37s5AlolXkBoUaParX91BzNKIK2SSGtPx3AR7GdUomOTTSjc1PKFsTIe8Y6miETe9bHbplJxYZUDCWNtSSGbq74mMRsZMosB2RhRHZtHLxf+8TorhZS8TKkmRKzZfFKaSYEzyt8lAaM5QTiyhTAt7K2EjqilDG04egrf48jLxz+pXde/uvNa4LtIowxEcwyl4cAENuIUm+MAghGd4hTdn7Lw4787HvLXkFDOH8AfO5w98+Izc</latexit>

⇡+
<latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit>

⌫µ
<latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit><latexit sha1_base64="bA+ThFNvqF1ak74W+yZGHFbkErE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQtlsN+3SzSbuh1BC/4QXDype/T3e/Ddu2hy09cHA470ZZuZFGWdKu+63U1lZXVvfqG7WtrZ3dvfq+wcPKjWSUJ+kPJXdCCvKmaC+ZprTbiYpTiJOO9H4pvA7T1Qqlop7PclomOChYDEjWFupGwjTDxJT69cbbtOdAS0TryQNKNHu17+CQUpMQoUmHCvV89xMhzmWmhFOp7XAKJphMsZD2rNU4ISqMJ/dO0UnVhmgOJW2hEYz9fdEjhOlJklkOxOsR2rRK8T/vJ7R8WWYM5EZTQWZL4oNRzpFxfNowCQlmk8swUQyeysiIywx0TaiIgRv8eVl4p81r5re3XmjdV2mUYUjOIZT8OACWnALbfCBAIdneIU359F5cd6dj3lrxSlnDuEPnM8fDtOPhA==</latexit>

6

W =
d�Data(⇡+)

dxF dPT
/
d�MC(⇡+)

dxF dPT
<latexit sha1_base64="fC6N3bRHULD3UTl/yQSzzfoaxHM="></latexit><latexit sha1_base64="fC6N3bRHULD3UTl/yQSzzfoaxHM="></latexit><latexit sha1_base64="fC6N3bRHULD3UTl/yQSzzfoaxHM="></latexit><latexit sha1_base64="fC6N3bRHULD3UTl/yQSzzfoaxHM="></latexit>



Relevant Hadronic Interactions
• Focus on Neutrinos from 0.1-10 GeV

Neutrino Energy
0.1 GeV

1 GeV

10 GeV

Mass 
Hierarchy

�cp
<latexit sha1_base64="wIW/KJvug5ltw6Sz0woJI91XGNM=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GXjxOsDpYS0nTdAtL0pKk4ij9Kl48qHj1k3jz25huPejmg8Djvd+P38uLMkaVdpxvq7Gyura+0dxsbW3v7O7Z++17leYSEw+nLJWDCCnCqCCeppqRQSYJ4hEjD9HkuvIfHolUNBV3epqRgKORoAnFSBsptNt+TJhGoc+RHkte4KwM7Y7TdWaAy8StSQfU6If2lx+nOOdEaMyQUkPXyXRQIKkpZqRs+bkiGcITNCJDQwXiRAXFLHsJj40SwySV5gkNZ+rvjQJxpaY8MpNVRLXoVeJ/3jDXyUVQUJHlmgg8P5TkDOoUVkXAmEqCNZsagrCkJivEYyQR1qaulinBXfzyMvFOu5dd9/as07uq22iCQ3AEToALzkEP3IA+8AAGT+AZvII3q7RerHfrYz7asOqdA/AH1ucPD1iUqA==</latexit><latexit sha1_base64="wIW/KJvug5ltw6Sz0woJI91XGNM=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GXjxOsDpYS0nTdAtL0pKk4ij9Kl48qHj1k3jz25huPejmg8Djvd+P38uLMkaVdpxvq7Gyura+0dxsbW3v7O7Z++17leYSEw+nLJWDCCnCqCCeppqRQSYJ4hEjD9HkuvIfHolUNBV3epqRgKORoAnFSBsptNt+TJhGoc+RHkte4KwM7Y7TdWaAy8StSQfU6If2lx+nOOdEaMyQUkPXyXRQIKkpZqRs+bkiGcITNCJDQwXiRAXFLHsJj40SwySV5gkNZ+rvjQJxpaY8MpNVRLXoVeJ/3jDXyUVQUJHlmgg8P5TkDOoUVkXAmEqCNZsagrCkJivEYyQR1qaulinBXfzyMvFOu5dd9/as07uq22iCQ3AEToALzkEP3IA+8AAGT+AZvII3q7RerHfrYz7asOqdA/AH1ucPD1iUqA==</latexit><latexit sha1_base64="wIW/KJvug5ltw6Sz0woJI91XGNM=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GXjxOsDpYS0nTdAtL0pKk4ij9Kl48qHj1k3jz25huPejmg8Djvd+P38uLMkaVdpxvq7Gyura+0dxsbW3v7O7Z++17leYSEw+nLJWDCCnCqCCeppqRQSYJ4hEjD9HkuvIfHolUNBV3epqRgKORoAnFSBsptNt+TJhGoc+RHkte4KwM7Y7TdWaAy8StSQfU6If2lx+nOOdEaMyQUkPXyXRQIKkpZqRs+bkiGcITNCJDQwXiRAXFLHsJj40SwySV5gkNZ+rvjQJxpaY8MpNVRLXoVeJ/3jDXyUVQUJHlmgg8P5TkDOoUVkXAmEqCNZsagrCkJivEYyQR1qaulinBXfzyMvFOu5dd9/as07uq22iCQ3AEToALzkEP3IA+8AAGT+AZvII3q7RerHfrYz7asOqdA/AH1ucPD1iUqA==</latexit><latexit sha1_base64="wIW/KJvug5ltw6Sz0woJI91XGNM=">AAAB+nicbVBPS8MwHE3nvzn/1Xn0EhyCp9GKoN6GXjxOsDpYS0nTdAtL0pKk4ij9Kl48qHj1k3jz25huPejmg8Djvd+P38uLMkaVdpxvq7Gyura+0dxsbW3v7O7Z++17leYSEw+nLJWDCCnCqCCeppqRQSYJ4hEjD9HkuvIfHolUNBV3epqRgKORoAnFSBsptNt+TJhGoc+RHkte4KwM7Y7TdWaAy8StSQfU6If2lx+nOOdEaMyQUkPXyXRQIKkpZqRs+bkiGcITNCJDQwXiRAXFLHsJj40SwySV5gkNZ+rvjQJxpaY8MpNVRLXoVeJ/3jDXyUVQUJHlmgg8P5TkDOoUVkXAmEqCNZsagrCkJivEYyQR1qaulinBXfzyMvFOu5dd9/as07uq22iCQ3AEToALzkEP3IA+8AAGT+AZvII3q7RerHfrYz7asOqdA/AH1ucPD1iUqA==</latexit>

• Baryon to Baryon Interactions are less crucial as governed by 
conservation numbers

• Pion production dominates in regions we are interested in
7



Primary Particle Energies

0.1 GeV

Neutrino Energy

10 GeV1 GeV

• Primary (proton) interaction flux contributions 

8

Eproton
<latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit>

Eproton
<latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit>

Eproton
<latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit><latexit sha1_base64="D1CARc3XFQ3pEfmJWl64KpG3VWk=">AAAB+XicbVDLSsNAFJ34rPWV6tLNYBFclUQEdVcUwWUFYwttCJPppB06jzAzUUrsp7hxoeLWP3Hn3zhps9DWAwOHc+7lnjlxyqg2nvftLC2vrK6tVzaqm1vbO7tube9ey0xhEmDJpOrESBNGBQkMNYx0UkUQjxlpx6Orwm8/EKWpFHdmnJKQo4GgCcXIWClya9dRjyMzVDxPlTRSTCK37jW8KeAi8UtSByVakfvV60uccSIMZkjrru+lJsyRMhQzMqn2Mk1ShEdoQLqWCsSJDvNp9Ak8skofJlLZJwycqr83csS1HvPYThYx9bxXiP953cwk52FORZoZIvDsUJIxaCQseoB9qgg2bGwJworarBAPkULY2LaqtgR//suLJDhpXDT829N687JsowIOwCE4Bj44A01wA1ogABg8gmfwCt6cJ+fFeXc+ZqNLTrmzD/7A+fwBZuaUTA==</latexit>

Graphs for fluxes at SK detector site



Hadron Production Datasets

• Harp (2009) 3,5,8,12 GeV/c pC ->  
• High angle and low angle separately

• Eichten et al. (1972) 24 GeV/c pAl ->  

• Allaby et al. (1970) 19.2 GeV/c pAl ->  

• E910 (2008) 6.4,12.3,17.5 GeV/c pBe -> 

• E802 (1991) 14.6 GeV/c pAl -> 

• NA61 (2016) 31 GeV/c pC -> 

• NA49 (2006) 158 GeV/c pC -> 

• Atherton et al. (1980) 400 GeV/c pBe -> 

• NA56/SPY (1999) 450 GeV/c pBe -> 

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±
<latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±
<latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit><latexit sha1_base64="luQoGjIoCbru41exz+qLxQgC+DM=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4KrsiqLeiF48VXFvpriWbpm1okg1JVihLf4UXDype/Tve/Dem7R609cHA470ZZuYlijNjff/bW1peWV1bL22UN7e2d3Yre/v3Js00oSFJeapbCTaUM0lDyyynLaUpFgmnzWR4PfGbT1Qblso7O1I0FrgvWY8RbJ30ECn2mEdKjDuVql/zp0CLJChIFQo0OpWvqJuSTFBpCcfGtANf2TjH2jLC6bgcZYYqTIa4T9uOSiyoifPpwWN07JQu6qXalbRoqv6eyLEwZiQS1ymwHZh5byL+57Uz27uIcyZVZqkks0W9jCObosn3qMs0JZaPHMFEM3crIgOsMbEuo7ILIZh/eZGEp7XLWnB7Vq1fFWmU4BCO4AQCOIc63EADQiAg4Ble4c3T3ov37n3MWpe8YuYA/sD7/AGGtpBs</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

⇡±/K±
<latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit><latexit sha1_base64="PBu6JGFFgvA1f8PPMY7yVziuPV0=">AAAB+XicbVDLSgMxFM34rPU11aWbYBFc1RkR1F3RjeCmgmMLnbFk0kwbmmRCklHK2E9x40LFrX/izr8xbWehrQcu93DOveTmxJJRbTzv21lYXFpeWS2tldc3Nre23crOnU4zhUmAU5aqVow0YVSQwFDDSEsqgnjMSDMeXI795gNRmqbi1gwliTjqCZpQjIyVOm4llPQ+DyUfHV1Pe8etejVvAjhP/IJUQYFGx/0KuynOOBEGM6R12/ekiXKkDMWMjMphpolEeIB6pG2pQJzoKJ+cPoIHVunCJFW2hIET9fdGjrjWQx7bSY5MX896Y/E/r52Z5CzKqZCZIQJPH0oyBk0KxznALlUEGza0BGFF7a0Q95FC2Ni0yjYEf/bL8yQ4rp3X/JuTav2iSKME9sA+OAQ+OAV1cAUaIAAYPIJn8ArenCfnxXl3PqajC06xswv+wPn8AeSdk/Y=</latexit>

Proton Beam 
Energy

1 GeV

10 GeV

100 GeV

1 TeV

Harp

Harp

Harp
Harp

Eichten

E910

E802
E910

E910Allaby

NA61

NA49

Atherton

NA56
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A-Scaling
• Data on a variety of Target Nuclei 
• Simple version of cross-section scaling

•

• Instead try empirical fit to data ratios of the form 
where alpha is quadratic in xf pt

d2�A1

dxF dPT
= (

A1

A2
)↵

d2�A2

dxF dPT
<latexit sha1_base64="4ucq6AhLUreQIgrXPyzJAcde1rw="></latexit><latexit sha1_base64="4ucq6AhLUreQIgrXPyzJAcde1rw="></latexit><latexit sha1_base64="4ucq6AhLUreQIgrXPyzJAcde1rw="></latexit><latexit sha1_base64="4ucq6AhLUreQIgrXPyzJAcde1rw="></latexit>

↵ = 2/3
<latexit sha1_base64="LxBf70tRimv1kDHSNZDntVQ+s2g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV1INQ9OKxgrGFJpTNdtMu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmRZIzbVz321laXlldWy9tlDe3tnd2K3v7jzrNFKE+SXmq2hHWlDNBfcMMp22pKE4iTlvR8Hbit56o0iwVD2YkaZjgvmAxI9hYKQgwlwOMrlH99Kxbqbo1dwq0SLyCVKFAs1v5CnopyRIqDOFY647nShPmWBlGOB2Xg0xTickQ92nHUoETqsN8evMYHVulh+JU2RIGTdXfEzlOtB4lke1MsBnoeW8i/ud1MhNfhjkTMjNUkNmiOOPIpGgSAOoxRYnhI0swUczeisgAK0yMjalsQ/DmX14kfr12VfPuz6uNmyKNEhzCEZyABxfQgDtogg8EJDzDK7w5mfPivDsfs9Ylp5g5gD9wPn8Ag0iQOQ==</latexit><latexit sha1_base64="LxBf70tRimv1kDHSNZDntVQ+s2g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV1INQ9OKxgrGFJpTNdtMu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmRZIzbVz321laXlldWy9tlDe3tnd2K3v7jzrNFKE+SXmq2hHWlDNBfcMMp22pKE4iTlvR8Hbit56o0iwVD2YkaZjgvmAxI9hYKQgwlwOMrlH99Kxbqbo1dwq0SLyCVKFAs1v5CnopyRIqDOFY647nShPmWBlGOB2Xg0xTickQ92nHUoETqsN8evMYHVulh+JU2RIGTdXfEzlOtB4lke1MsBnoeW8i/ud1MhNfhjkTMjNUkNmiOOPIpGgSAOoxRYnhI0swUczeisgAK0yMjalsQ/DmX14kfr12VfPuz6uNmyKNEhzCEZyABxfQgDtogg8EJDzDK7w5mfPivDsfs9Ylp5g5gD9wPn8Ag0iQOQ==</latexit><latexit sha1_base64="LxBf70tRimv1kDHSNZDntVQ+s2g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV1INQ9OKxgrGFJpTNdtMu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmRZIzbVz321laXlldWy9tlDe3tnd2K3v7jzrNFKE+SXmq2hHWlDNBfcMMp22pKE4iTlvR8Hbit56o0iwVD2YkaZjgvmAxI9hYKQgwlwOMrlH99Kxbqbo1dwq0SLyCVKFAs1v5CnopyRIqDOFY647nShPmWBlGOB2Xg0xTickQ92nHUoETqsN8evMYHVulh+JU2RIGTdXfEzlOtB4lke1MsBnoeW8i/ud1MhNfhjkTMjNUkNmiOOPIpGgSAOoxRYnhI0swUczeisgAK0yMjalsQ/DmX14kfr12VfPuz6uNmyKNEhzCEZyABxfQgDtogg8EJDzDK7w5mfPivDsfs9Ylp5g5gD9wPn8Ag0iQOQ==</latexit><latexit sha1_base64="LxBf70tRimv1kDHSNZDntVQ+s2g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qkkV1INQ9OKxgrGFJpTNdtMu3WyW3Y1QQv+GFw8qXv013vw3btsctPXBwOO9GWbmRZIzbVz321laXlldWy9tlDe3tnd2K3v7jzrNFKE+SXmq2hHWlDNBfcMMp22pKE4iTlvR8Hbit56o0iwVD2YkaZjgvmAxI9hYKQgwlwOMrlH99Kxbqbo1dwq0SLyCVKFAs1v5CnopyRIqDOFY647nShPmWBlGOB2Xg0xTickQ92nHUoETqsN8evMYHVulh+JU2RIGTdXfEzlOtB4lke1MsBnoeW8i/ud1MhNfhjkTMjNUkNmiOOPIpGgSAOoxRYnhI0swUczeisgAK0yMjalsQ/DmX14kfr12VfPuz6uNmyKNEhzCEZyABxfQgDtogg8EJDzDK7w5mfPivDsfs9Ylp5g5gD9wPn8Ag0iQOQ==</latexit>

↵(xF , PT )
<latexit sha1_base64="WQ6YK99BvSNiUIlM6htZ7qxYBbI=">AAAB93icbVBNS8NAEN34WetHox69LBahgpREBPVWFMRjhcYW2hAm2227dLMJuxuxhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMCxPOlHacb2tpeWV1bb2wUdzc2t4p2bt79ypOJaEeiXksWyEoypmgnmaa01YiKUQhp81weD3xmw9UKhaLhh4l1I+gL1iPEdBGCuxSB3gygMpjcHNSDxrHgV12qs4UeJG4OSmjHPXA/up0Y5JGVGjCQam26yTaz0BqRjgdFzupogmQIfRp21ABEVV+Nj18jI+M0sW9WJoSGk/V3xMZREqNotB0RqAHat6biP957VT3LvyMiSTVVJDZol7KsY7xJAXcZZISzUeGAJHM3IrJACQQbbIqmhDc+ZcXiXdavay6d2fl2lWeRgEdoENUQS46RzV0i+rIQwSl6Bm9ojfryXqx3q2PWeuSlc/soz+wPn8A0BGSFA==</latexit><latexit sha1_base64="WQ6YK99BvSNiUIlM6htZ7qxYBbI=">AAAB93icbVBNS8NAEN34WetHox69LBahgpREBPVWFMRjhcYW2hAm2227dLMJuxuxhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMCxPOlHacb2tpeWV1bb2wUdzc2t4p2bt79ypOJaEeiXksWyEoypmgnmaa01YiKUQhp81weD3xmw9UKhaLhh4l1I+gL1iPEdBGCuxSB3gygMpjcHNSDxrHgV12qs4UeJG4OSmjHPXA/up0Y5JGVGjCQam26yTaz0BqRjgdFzupogmQIfRp21ABEVV+Nj18jI+M0sW9WJoSGk/V3xMZREqNotB0RqAHat6biP957VT3LvyMiSTVVJDZol7KsY7xJAXcZZISzUeGAJHM3IrJACQQbbIqmhDc+ZcXiXdavay6d2fl2lWeRgEdoENUQS46RzV0i+rIQwSl6Bm9ojfryXqx3q2PWeuSlc/soz+wPn8A0BGSFA==</latexit><latexit sha1_base64="WQ6YK99BvSNiUIlM6htZ7qxYBbI=">AAAB93icbVBNS8NAEN34WetHox69LBahgpREBPVWFMRjhcYW2hAm2227dLMJuxuxhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMCxPOlHacb2tpeWV1bb2wUdzc2t4p2bt79ypOJaEeiXksWyEoypmgnmaa01YiKUQhp81weD3xmw9UKhaLhh4l1I+gL1iPEdBGCuxSB3gygMpjcHNSDxrHgV12qs4UeJG4OSmjHPXA/up0Y5JGVGjCQam26yTaz0BqRjgdFzupogmQIfRp21ABEVV+Nj18jI+M0sW9WJoSGk/V3xMZREqNotB0RqAHat6biP957VT3LvyMiSTVVJDZol7KsY7xJAXcZZISzUeGAJHM3IrJACQQbbIqmhDc+ZcXiXdavay6d2fl2lWeRgEdoENUQS46RzV0i+rIQwSl6Bm9ojfryXqx3q2PWeuSlc/soz+wPn8A0BGSFA==</latexit><latexit sha1_base64="WQ6YK99BvSNiUIlM6htZ7qxYBbI=">AAAB93icbVBNS8NAEN34WetHox69LBahgpREBPVWFMRjhcYW2hAm2227dLMJuxuxhv4SLx5UvPpXvPlv3LY5aOuDgcd7M8zMCxPOlHacb2tpeWV1bb2wUdzc2t4p2bt79ypOJaEeiXksWyEoypmgnmaa01YiKUQhp81weD3xmw9UKhaLhh4l1I+gL1iPEdBGCuxSB3gygMpjcHNSDxrHgV12qs4UeJG4OSmjHPXA/up0Y5JGVGjCQam26yTaz0BqRjgdFzupogmQIfRp21ABEVV+Nj18jI+M0sW9WJoSGk/V3xMZREqNotB0RqAHat6biP957VT3LvyMiSTVVJDZol7KsY7xJAXcZZISzUeGAJHM3IrJACQQbbIqmhDc+ZcXiXdavay6d2fl2lWeRgEdoENUQS46RzV0i+rIQwSl6Bm9ojfryXqx3q2PWeuSlc/soz+wPn8A0BGSFA==</latexit>

E.g. Harp 12 GeV Data Fit 125 mRad

• Use to interpolate to Nitrogen/ 
Oxygen Targets
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Fitting and A-Scaling

• BMPT parameterisation Fit to each of the datasets 
in XF - PT space
• Included additional free parameters to improve the 

Fits
• BMPT has inherent forward backward symmetry in 

Feynman XR dependence
• Additional free parameters to model scaling from 

deuterium to target nuclei

d2�(A)

dxF dPT
=

A

2

↵(xF ,PT ) d2�BMPT

dxF dPT
<latexit sha1_base64="07iK19KG2eML8xIesQg70H8D4MI="></latexit><latexit sha1_base64="07iK19KG2eML8xIesQg70H8D4MI="></latexit><latexit sha1_base64="07iK19KG2eML8xIesQg70H8D4MI="></latexit><latexit sha1_base64="07iK19KG2eML8xIesQg70H8D4MI="></latexit>
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Results from BMPT fitting 
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NA61 - Fits



Data Set Coverage
• Lower Energy Datasets have lower coverage 

• Combine datasets at similar beam (interaction) energies:

• Region 1 – 3GeV Harp

• Region 2 - 5 GeV Harp, 6.4 GeV E910

• Region 3 - 8 GeV Harp

• Region 4 – 12 GeV Harp, 12.3 GeV E910, 14.6 GeV E802

• Region 5 – 17.5 GeV E910, 19.2 GeV Allaby, 24 GeV Eichten

• Region 6  - 31 GeV NA61

• Region 7 – 158 GeV NA49

• Region 8 – 450 GeV NA56

• Explore interaction phase space of pion production for 
neutrino energy bins 

• Explore phase space parameterised by XF PT of outgoing pion

• Attempting to model multiple dimensions in 2D plots! 
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Pion Creation phase space = 0.2 GeV
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Pion Creation interaction phase space = 1.1 GeV
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Pion Creation interaction phase space = 7.1 GeV
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Data Set Coverage

17

Fraction of Pion Production interactions 
covered by experimental datasets

• Proportion of interactions 
occurring outside coverage of 
experiments
• High angle data is important for

atmospheric neutrinos

• For low energy neutrinos: <
3GeV beam energy increasingly 
important
• Care needed as this is region

where resonances dominate

• These will both be improved
with advent of new hadron
production experiments



Uncertainties
• Dataset experimental uncertainties

• Propagated through to the final flux
via the BMPT parameterisation

• Creating toy datasets using the 
uncertainty on the bins and rerunning 
BMPT joint fits.

• Reasonable estimates for correlation
• Outside phase space uncertainties 

• Constraint from data via energy
conservation

• Use different hadron production
generators to estimate cross section 
and use variance between the models 
to estimate the uncertainty

• A-Scaling uncertainties
• Energy scaling uncertainties

• 31 GeV to 158 GeV scaling uncertainty

18

Geant4 Nu Beam MC 
Generator 
ratios from 31 GeV Beam 
Energy

⇡+
<latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqUbBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit>



Preliminary results – neutrino fluxes
• Results of tuning to dataset fits
• Tuning pions from 3 - 170GeV/c within experimental phase 

spaces 
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Conclusions and Next stages
• Work largely finished for pions, repeat for kaon 

production interactions
• Ensuring each relevant uncertainty is accounted for
• Releasing the tuned result and uncertainties with

correlations between bins
• Other large area of uncertainty is primary cosmic 

ray fluxes
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Additional Slides
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Ratios to Target – Pi Plus

22

Ratio of data cross section to target cross section
Allowed kinematic region indicated by contour

3 GeV 6 GeV 14 GeVEbeam =
<latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit>

20 GeV 31 GeV 158 GeV

xF
<latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit>

PT
<latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8DvbY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxW PFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8DvbY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxW PFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8DvbY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxW PFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8DvbY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxW PFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit>



Ratios to Target – Pi Minus

Ratio of data cross section to target cross section
Allowed kinematic region indicated by contour23

3 GeV 6 GeV 14 GeVEbeam =
<latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit><latexit sha1_base64="q5ruQ52xdqY23oAhp/9CU4b4yRc=">AAAB+nicdVDLSsNAFJ34rPUV69LNYBFchUkR2y6EogguKxhbaEOYTCft0MmDmYlYQn7FjQsVt36JO//GSVpBRQ8MHM69h3vm+AlnUiH0YSwtr6yurVc2qptb2zu75l7tVsapINQhMY9F38eSchZRRzHFaT8RFIc+pz1/elHMe3dUSBZHN2qWUDfE44gFjGClJc+sXXrDEKuJCDNf23J4Bj2zjqx2C9mNU1iSRgvNCWoiaFuoRB0s0PXM9+EoJmlII0U4lnJgo0S5GRaKEU7z6jCVNMFkisd0oGmEQyrdrMyewyOtjGAQC/0iBUv1uyPDoZSz0NebRU75e1aIf80GqQpabsaiJFU0IvNDQcqhimFRBBwxQYniM00wEUxnhWSCBSZK11XVJXz9FP5PnIbVtuzrk3rnfNFGBRyAQ3AMbNAEHXAFusABBNyDB/AEno3ceDRejNf56pKx8OyDHzDePgEnKpQT</latexit>

20 GeV 31 GeV 158 GeV

xF
<latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit><latexit sha1_base64="NgkDDnSdYqbi1c/NJ3mhEoXg/xY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FQTxWNLbQhrLZTtulm03Y3Ygl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAiujet+O4Wl5ZXVteJ6aWNza3unvLv3oONUMfRZLGLVDKlGwSX6hhuBzUQhjUKBjXB4NfEbj6g0j+W9GSUYRLQveY8zaqx099S57pQrbtWdgiwSLycVyFHvlL/a3ZilEUrDBNW65bmJCTKqDGcCx6V2qjGhbEj72LJU0gh1kE1PHZMjq3RJL1a2pCFT9fdERiOtR1FoOyNqBnrem4j/ea3U9M6DjMskNSjZbFEvFcTEZPI36XKFzIiRJZQpbm8lbEAVZcamU7IhePMvLxL/pHpR9W5PK7XLPI0iHMAhHIMHZ1CDG6iDDwz68Ayv8OYI58V5dz5mrQUnn9mHP3A+fwCZNI2J</latexit>

PT
<latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8Dv bY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8Dv bY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8Dv bY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit><latexit sha1_base64="Dam3/Ua3bFf4MO/mgHb7rp8Dv bY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWPFxhbaUDbbSbt0swm7G6GE/gQvHlS8+o+8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6iRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE9k04xSDmA4kjzijxkoPjV6zV6m6NXcGsky8glShQKNX+er2E5bFKA0TVOuO56YmyKkynAmclLuZxpSyER1gx1JJY9RBPjt1Qk6t0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2xC8xZeXiX9eu6559xfV+k2RRgmO4QTOwINLqMMdNMAHBgN4hld4c4Tz4rw7H/PWFaeYOYI/cD5/AHGWjW8=</latexit>



Near Horizonal Neutrinos
• Consider Pion production 

angle phase space in 
neutrino cosine zenith bins
• 3D effect geometrical effect at 

play near horizontal

• Similarly flat detector model 
in Monte Carlo begins to 
break down at these low 
energies

Enu = 0.2 GeV

Enu = 9 GeV

Normalised by cosine zenith angle bin
24

Interaction phase space in pion angle



Energy Scaling NA61 to NA49

⇡+
<latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqU bBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqU bBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqU bBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit><latexit sha1_base64="60cfGjpGBI8ukEM8CXBgumrPwJE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rGFtoY9lsN+3SzSbsToQS+hu8eFDx6h/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfztLyyuraemmjvLm1vbNb2dt/MEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDm4nffOLaiETd4yjlQUz7SkSCUbSS30nF42m3UnVr7hRkkXgFqUKBRrfy1eklLIu5QiapMW3PTTHIqU bBJB+XO5nhKWVD2udtSxWNuQny6bFjcmyVHokSbUshmaq/J3IaGzOKQ9sZUxyYeW8i/ue1M4wug1yoNEOu2GxRlEmCCZl8TnpCc4ZyZAllWthbCRtQTRnafMo2BG/+5UXin9Wuat7debV+XaRRgkM4ghPw4ALqcAsN8IGBgGd4hTdHOS/Ou/Mxa11yipkD+APn8wfZF44+</latexit>

⇡�
<latexit sha1_base64="g4NmojE+D1hmUxc3Q3bboFv2cgk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2m3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFrJ76Ti8bRbqbo1dwqySLyCVKFAo1v56vQSlsVcIZPUmLbnphjkVK Ngko/LnczwlLIh7fO2pYrG3AT59NgxObZKj0SJtqWQTNXfEzmNjRnFoe2MKQ7MvDcR//PaGUaXQS5UmiFXbLYoyiTBhEw+Jz2hOUM5soQyLeythA2opgxtPmUbgjf/8iLxz2pXNe/uvFq/LtIowSEcwQl4cAF1uIUG+MBAwDO8wpujnBfn3fmYtS45xcwB/IHz+QPcHY5A</latexit><latexit sha1_base64="g4NmojE+D1hmUxc3Q3bboFv2cgk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2m3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFrJ76Ti8bRbqbo1dwqySLyCVKFAo1v56vQSlsVcIZPUmLbnphjkVK Ngko/LnczwlLIh7fO2pYrG3AT59NgxObZKj0SJtqWQTNXfEzmNjRnFoe2MKQ7MvDcR//PaGUaXQS5UmiFXbLYoyiTBhEw+Jz2hOUM5soQyLeythA2opgxtPmUbgjf/8iLxz2pXNe/uvFq/LtIowSEcwQl4cAF1uIUG+MBAwDO8wpujnBfn3fmYtS45xcwB/IHz+QPcHY5A</latexit><latexit sha1_base64="g4NmojE+D1hmUxc3Q3bboFv2cgk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2m3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFrJ76Ti8bRbqbo1dwqySLyCVKFAo1v56vQSlsVcIZPUmLbnphjkVK Ngko/LnczwlLIh7fO2pYrG3AT59NgxObZKj0SJtqWQTNXfEzmNjRnFoe2MKQ7MvDcR//PaGUaXQS5UmiFXbLYoyiTBhEw+Jz2hOUM5soQyLeythA2opgxtPmUbgjf/8iLxz2pXNe/uvFq/LtIowSEcwQl4cAF1uIUG+MBAwDO8wpujnBfn3fmYtS45xcwB/IHz+QPcHY5A</latexit><latexit sha1_base64="g4NmojE+D1hmUxc3Q3bboFv2cgk=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VjC20sWy2m3bpZhN2J0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/mCTTjPsskYluhdRwKRT3UaDkrVRzGoeSN8PhzcRvPnFtRKLucZTyIKZ9JSLBKFrJ76Ti8bRbqbo1dwqySLyCVKFAo1v56vQSlsVcIZPUmLbnphjkVK Ngko/LnczwlLIh7fO2pYrG3AT59NgxObZKj0SJtqWQTNXfEzmNjRnFoe2MKQ7MvDcR//PaGUaXQS5UmiFXbLYoyiTBhEw+Jz2hOUM5soQyLeythA2opgxtPmUbgjf/8iLxz2pXNe/uvFq/LtIowSEcwQl4cAF1uIUG+MBAwDO8wpujnBfn3fmYtS45xcwB/IHz+QPcHY5A</latexit>

• Feynman Scaling is not 
particularly affective

• Lower energy scaling 
can be used to 
determine where 
dataset differences 
come from physical 
energy scaling or 
systematic uncertainties  
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