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SBND                                                             
5 M       CC interactions 

300             scattering events 
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<latexit sha1_base64="M9pu9tRQbdxcDD/s42XP984UpgM=">AAAB63icbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04hETARPYkG7pQkPb3bRdE7LhL3jxoDFe/UPe/Dd2YQ8KvmSSl/dmMjMvTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TZxqyjo0FrF+DIlhgivWsdwK9phoRmQoWC+c3uZ+74lpw2P1YGcJCyQZKx5xSmwu1QdZfViteQ1vAbxO/ILUoEB7WP0ajGKaSqYsFcSYvu8lNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXN84ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URtdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviqbgQ/NWX10m32fC9hn/frLVuijjKcAbncAk+XEEL7qANHaAwgWd4hTck0Qt6Rx/L1hIqZk7hD9DnD1Mkjb8=</latexit><latexit sha1_base64="M9pu9tRQbdxcDD/s42XP984UpgM=">AAAB63icbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04hETARPYkG7pQkPb3bRdE7LhL3jxoDFe/UPe/Dd2YQ8KvmSSl/dmMjMvTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TZxqyjo0FrF+DIlhgivWsdwK9phoRmQoWC+c3uZ+74lpw2P1YGcJCyQZKx5xSmwu1QdZfViteQ1vAbxO/ILUoEB7WP0ajGKaSqYsFcSYvu8lNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXN84ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URtdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviqbgQ/NWX10m32fC9hn/frLVuijjKcAbncAk+XEEL7qANHaAwgWd4hTck0Qt6Rx/L1hIqZk7hD9DnD1Mkjb8=</latexit><latexit sha1_base64="M9pu9tRQbdxcDD/s42XP984UpgM=">AAAB63icbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04hETARPYkG7pQkPb3bRdE7LhL3jxoDFe/UPe/Dd2YQ8KvmSSl/dmMjMvTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TZxqyjo0FrF+DIlhgivWsdwK9phoRmQoWC+c3uZ+74lpw2P1YGcJCyQZKx5xSmwu1QdZfViteQ1vAbxO/ILUoEB7WP0ajGKaSqYsFcSYvu8lNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXN84ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URtdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviqbgQ/NWX10m32fC9hn/frLVuijjKcAbncAk+XEEL7qANHaAwgWd4hTck0Qt6Rx/L1hIqZk7hD9DnD1Mkjb8=</latexit><latexit sha1_base64="M9pu9tRQbdxcDD/s42XP984UpgM=">AAAB63icbVBNTwIxEJ3iF+IX6tFLI5h4Irtc9Ej04hETARPYkG7pQkPb3bRdE7LhL3jxoDFe/UPe/Dd2YQ8KvmSSl/dmMjMvTAQ31vO+UWljc2t7p7xb2ds/ODyqHp90TZxqyjo0FrF+DIlhgivWsdwK9phoRmQoWC+c3uZ+74lpw2P1YGcJCyQZKx5xSmwu1QdZfViteQ1vAbxO/ILUoEB7WP0ajGKaSqYsFcSYvu8lNsiItpwKNq8MUsMSQqdkzPqOKiKZCbLFrXN84ZQRjmLtSlm8UH9PZEQaM5Oh65TETsyql4v/ef3URtdBxlWSWqboclGUCmxjnD+OR1wzasXMEUI1d7diOiGaUOviqbgQ/NWX10m32fC9hn/frLVuijjKcAbncAk+XEEL7qANHaAwgWd4hTck0Qt6Rx/L1hIqZk7hD9DnD1Mkjb8=</latexit>

/1.83e21 P.O.T./50 t of LAr
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⌫↵ +N ! ⌫� + `+� + `�� +N
<latexit sha1_base64="MTwY7mmdxUf3HF+g4w2ft+aVn/I="></latexit><latexit sha1_base64="MTwY7mmdxUf3HF+g4w2ft+aVn/I="></latexit><latexit sha1_base64="MTwY7mmdxUf3HF+g4w2ft+aVn/I="></latexit><latexit sha1_base64="MTwY7mmdxUf3HF+g4w2ft+aVn/I="></latexit>

�

⌫↵

A

⌫↵ (or �)
<latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit>

`��
<latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit>

`+�
<latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit>

neutrino trident production 
or 

pair production by a neutrino  
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⌫↵
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�

⌫↵

⌫↵ (or �)
<latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit>⌫↵ (or �)

<latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit>

`��
<latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit>

`+�
<latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit>

`��
<latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit>

`+�
<latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit>

p+
<latexit sha1_base64="R+B8BQ7m4QuQrhYrU94AwRhsydU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv5o+XlR75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad1evNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AKy+jes=</latexit><latexit sha1_base64="R+B8BQ7m4QuQrhYrU94AwRhsydU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv5o+XlR75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad1evNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AKy+jes=</latexit><latexit sha1_base64="R+B8BQ7m4QuQrhYrU94AwRhsydU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv5o+XlR75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad1evNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AKy+jes=</latexit><latexit sha1_base64="R+B8BQ7m4QuQrhYrU94AwRhsydU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv5o+XlR75Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad1evNK7zOIpwAqdwDh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AKy+jes=</latexit>

Neutrino Antineutrino SM Contributions

⌫µ ! ⌫µµ+µ� ⌫̄µ ! ⌫̄µµ+µ�
CC, NC

⌫µ ! ⌫ee+µ� ⌫̄µ ! ⌫̄ee�µ+
CC

⌫µ ! ⌫µe+e� ⌫̄µ ! ⌫̄µe+e� NC

⌫e ! ⌫ee+e� ⌫̄e ! ⌫̄ee+e� CC, NC

⌫e ! ⌫µµ+e� ⌫̄e ! ⌫̄µe+µ�
CC

⌫e ! ⌫eµ+µ� ⌫̄e ! ⌫̄eµ+µ�
NC

<latexit sha1_base64="gFG25PGwIQy/mMHG3TvqxlChgLM="></latexit><latexit sha1_base64="gFG25PGwIQy/mMHG3TvqxlChgLM="></latexit><latexit sha1_base64="gFG25PGwIQy/mMHG3TvqxlChgLM="></latexit><latexit sha1_base64="gFG25PGwIQy/mMHG3TvqxlChgLM="></latexit>

CC/NC interference leads to a cancellation of 40%.

5

Pair production in the EM field of the  
nucleus, nucleons or quarks.
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Neutrino trident production

How rare is it?
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M. Hostert

— First measurement of           trident.

Past

�CHARM�II

�SM
= 1.58± 0.57

<latexit sha1_base64="T/DMyUIPIXNKl2tK+NgZ5ghgmJY="></latexit><latexit sha1_base64="T/DMyUIPIXNKl2tK+NgZ5ghgmJY="></latexit><latexit sha1_base64="T/DMyUIPIXNKl2tK+NgZ5ghgmJY="></latexit><latexit sha1_base64="T/DMyUIPIXNKl2tK+NgZ5ghgmJY="></latexit>

hE⌫i = 25 GeV
<latexit sha1_base64="ofIuayBgBvdK0wG4C042vvGrGrc=">AAACC3icbVDLSgMxFM3UV62vUZduQlvBVZkpiG6EooguK9gHdIaSSW/b0ExmSDJCGbp346+4caGIW3/AnX9j2s5CWw9cODnnXnLvCWLOlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMrqZ+6wGkYpG41+MY/JAMBOszSrSRunax7HEiBhzwddcTCfbk/HWBcfUUl/ENNLt2yak4M+Bl4makhDLUu/aX14toEoLQlBOlOq4Taz8lUjPKYVLwEgUxoSMygI6hgoSg/HR2ywQfG6WH+5E0JTSeqb8nUhIqNQ4D0xkSPVSL3lT8z+skun/up0zEiQZB5x/1E451hKfB4B6TQDUfG0KoZGZXTIdEEqpNfAUTgrt48jJpViuuU3HvqqXaZRZHHh2hIjpBLjpDNXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AHTPphS</latexit><latexit sha1_base64="ofIuayBgBvdK0wG4C042vvGrGrc=">AAACC3icbVDLSgMxFM3UV62vUZduQlvBVZkpiG6EooguK9gHdIaSSW/b0ExmSDJCGbp346+4caGIW3/AnX9j2s5CWw9cODnnXnLvCWLOlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMrqZ+6wGkYpG41+MY/JAMBOszSrSRunax7HEiBhzwddcTCfbk/HWBcfUUl/ENNLt2yak4M+Bl4makhDLUu/aX14toEoLQlBOlOq4Taz8lUjPKYVLwEgUxoSMygI6hgoSg/HR2ywQfG6WH+5E0JTSeqb8nUhIqNQ4D0xkSPVSL3lT8z+skun/up0zEiQZB5x/1E451hKfB4B6TQDUfG0KoZGZXTIdEEqpNfAUTgrt48jJpViuuU3HvqqXaZRZHHh2hIjpBLjpDNXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AHTPphS</latexit><latexit sha1_base64="ofIuayBgBvdK0wG4C042vvGrGrc=">AAACC3icbVDLSgMxFM3UV62vUZduQlvBVZkpiG6EooguK9gHdIaSSW/b0ExmSDJCGbp346+4caGIW3/AnX9j2s5CWw9cODnnXnLvCWLOlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMrqZ+6wGkYpG41+MY/JAMBOszSrSRunax7HEiBhzwddcTCfbk/HWBcfUUl/ENNLt2yak4M+Bl4makhDLUu/aX14toEoLQlBOlOq4Taz8lUjPKYVLwEgUxoSMygI6hgoSg/HR2ywQfG6WH+5E0JTSeqb8nUhIqNQ4D0xkSPVSL3lT8z+skun/up0zEiQZB5x/1E451hKfB4B6TQDUfG0KoZGZXTIdEEqpNfAUTgrt48jJpViuuU3HvqqXaZRZHHh2hIjpBLjpDNXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AHTPphS</latexit><latexit sha1_base64="ofIuayBgBvdK0wG4C042vvGrGrc=">AAACC3icbVDLSgMxFM3UV62vUZduQlvBVZkpiG6EooguK9gHdIaSSW/b0ExmSDJCGbp346+4caGIW3/AnX9j2s5CWw9cODnnXnLvCWLOlHacbyu3srq2vpHfLGxt7+zu2fsHTRUlkkKDRjyS7YAo4ExAQzPNoR1LIGHAoRWMrqZ+6wGkYpG41+MY/JAMBOszSrSRunax7HEiBhzwddcTCfbk/HWBcfUUl/ENNLt2yak4M+Bl4makhDLUu/aX14toEoLQlBOlOq4Taz8lUjPKYVLwEgUxoSMygI6hgoSg/HR2ywQfG6WH+5E0JTSeqb8nUhIqNQ4D0xkSPVSL3lT8z+skun/up0zEiQZB5x/1E451hKfB4B6TQDUfG0KoZGZXTIdEEqpNfAUTgrt48jJpViuuU3HvqqXaZRZHHh2hIjpBLjpDNXSL6qiBKHpEz+gVvVlP1ov1bn3MW3NWNnOI/sD6/AHTPphS</latexit>

Nsig = 55± 16
<latexit sha1_base64="2YUieUP+b5WFkv3zJBtD2QX3duQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUkKVTdC0Y0rqWAf0IQwmU7aoTOTMDMRSihu/BU3LhRx61e482+ctllo64ELh3Pu5d57woRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hritx+IVDQW93qUEJ+jvqARxUgbKbAPy7dB5kmeKdofj+ElrNW8hEP3rBzYJafiTAEXiZuTEsjRCOwvrxfjlBOhMUNKdV0n0X6GpKaYkXHRSxVJEB6iPukaKhAnys+mL4zhiVF6MIqlKaHhVP09kSGu1IiHppMjPVDz3kT8z+umOrrwMyqSVBOBZ4uilEEdw0kesEclwZqNDEFYUnMrxAMkEdYmtaIJwZ1/eZG0qhXXqbh31VL9Ko+jAI7AMTgFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QO6kZWt</latexit><latexit sha1_base64="2YUieUP+b5WFkv3zJBtD2QX3duQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUkKVTdC0Y0rqWAf0IQwmU7aoTOTMDMRSihu/BU3LhRx61e482+ctllo64ELh3Pu5d57woRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hritx+IVDQW93qUEJ+jvqARxUgbKbAPy7dB5kmeKdofj+ElrNW8hEP3rBzYJafiTAEXiZuTEsjRCOwvrxfjlBOhMUNKdV0n0X6GpKaYkXHRSxVJEB6iPukaKhAnys+mL4zhiVF6MIqlKaHhVP09kSGu1IiHppMjPVDz3kT8z+umOrrwMyqSVBOBZ4uilEEdw0kesEclwZqNDEFYUnMrxAMkEdYmtaIJwZ1/eZG0qhXXqbh31VL9Ko+jAI7AMTgFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QO6kZWt</latexit><latexit sha1_base64="2YUieUP+b5WFkv3zJBtD2QX3duQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUkKVTdC0Y0rqWAf0IQwmU7aoTOTMDMRSihu/BU3LhRx61e482+ctllo64ELh3Pu5d57woRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hritx+IVDQW93qUEJ+jvqARxUgbKbAPy7dB5kmeKdofj+ElrNW8hEP3rBzYJafiTAEXiZuTEsjRCOwvrxfjlBOhMUNKdV0n0X6GpKaYkXHRSxVJEB6iPukaKhAnys+mL4zhiVF6MIqlKaHhVP09kSGu1IiHppMjPVDz3kT8z+umOrrwMyqSVBOBZ4uilEEdw0kesEclwZqNDEFYUnMrxAMkEdYmtaIJwZ1/eZG0qhXXqbh31VL9Ko+jAI7AMTgFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QO6kZWt</latexit><latexit sha1_base64="2YUieUP+b5WFkv3zJBtD2QX3duQ=">AAACAnicbVDLSsNAFJ34rPUVdSVuBlvBVUkKVTdC0Y0rqWAf0IQwmU7aoTOTMDMRSihu/BU3LhRx61e482+ctllo64ELh3Pu5d57woRRpR3n21paXlldWy9sFDe3tnd27b39lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Hritx+IVDQW93qUEJ+jvqARxUgbKbAPy7dB5kmeKdofj+ElrNW8hEP3rBzYJafiTAEXiZuTEsjRCOwvrxfjlBOhMUNKdV0n0X6GpKaYkXHRSxVJEB6iPukaKhAnys+mL4zhiVF6MIqlKaHhVP09kSGu1IiHppMjPVDz3kT8z+umOrrwMyqSVBOBZ4uilEEdw0kesEclwZqNDEFYUnMrxAMkEdYmtaIJwZ1/eZG0qhXXqbh31VL9Ko+jAI7AMTgFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH1+QO6kZWt</latexit>

[CHARM II (1990)]

8

[Czys et al, 1964] — Full calculation of process in V - A theory. 

[Brown et al, 1972] — Full calculation in V - A and SM.

µ+µ�
<latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit>

[CCFR, 1991]

[NuTeV, 1998]
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Atmospheric neutrino trident production.

Renewed interest, leading bound in                  model.

High rates for DUNE ND and SHiP for unobserved channels.

Charged scalars influence on CC channels.

[W. Altmannshoffer et al, 2014]

[G. Magill et al, 2016]

[G. Magill et al, 2017]

[SF Ge et al, 2017]

[A. Falkowski et al, 2018]Trident constraints on EFT.

U(1)Lµ�L⌧
<latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit>

Z 0
<latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit><latexit sha1_base64="+AXpQ0mq0b9rwvdjcyO05sOg7sI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NLmIphYkTsaLYk2lpjIR4CT7C1zsGF377K7Z0II/8LGQmNs/Td2/hsXuELBl0zy8t5MZuaFCWfaeN63k9vY3Nreye8W9vYPDo+KxydNHaeKYoPGPFbtkGjkTGLDMMOxnSgkIuTYCse3c7/1hEqzWD6YSYKBIEPJIkaJsVKn3HnsJYoJLPeLJa/iLeCuEz8jJchQ7xe/eoOYpgKloZxo3fW9xARTogyjHGeFXqoxIXRMhti1VBKBOpguLp65F1YZuFGsbEnjLtTfE1MitJ6I0HYKYkZ61ZuL/3nd1ETXwZTJJDUo6XJRlHLXxO78fXfAFFLDJ5YQqpi91aUjogg1NqSCDcFffXmdNKsV36v499VS7SaLIw9ncA6X4MMV1OAO6tAAChKe4RXeHO28OO/Ox7I152Qzp/AHzucPzwOQVQ==</latexit>

Present



M. Hostert

Present

Atmospheric neutrino trident production.

Renewed interest, leading bound in                  model.

High rates for DUNE ND and SHiP for unobserved channels.

Charged scalars influence on CC channels.

[W. Altmannshoffer et al, 2014]

[G. Magill et al, 2016]

[G. Magill et al, 2017]

[SF Ge et al, 2017]
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U(1)Lµ�L⌧
<latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit>

�

⌫↵

⌫↵ (or �)
<latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit>

`��
<latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit>

`+�
<latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit>

q
<latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit>

Equivalent Photon  
Approximation 

(EPA)
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With our full calculation you can still focus only on the 
3 body        and plug it into the formulae:�⌫�

<latexit sha1_base64="B91J7R+/o2evTusHobGIho18RN4=">AAAB/nicbVDLSsNAFJ34rPVVFVduBlvBVUm60WXRjcsK9gFNCDfTSTp0ZhJmJkIJBX/FjQtF3Pod7vwbp4+Fth64cDjnXu69J8o408Z1v5219Y3Nre3STnl3b//gsHJ03NFprghtk5SnqheBppxJ2jbMcNrLFAURcdqNRrdTv/tIlWapfDDjjAYCEsliRsBYKayc1nzNEgFh4csc+wkIAZNaWKm6dXcGvEq8BamiBVph5csfpCQXVBrCQeu+52YmKEAZRjidlP1c0wzICBLat1SCoDooZudP8IVVBjhOlS1p8Ez9PVGA0HosItspwAz1sjcV//P6uYmvg4LJLDdUkvmiOOfYpHiaBR4wRYnhY0uAKGZvxWQICoixiZVtCN7yy6uk06h7bt27b1SbN4s4SugMnaNL5KEr1ER3qIXaiKACPaNX9OY8OS/Ou/Mxb11zFjMn6A+czx+oUpVF</latexit><latexit sha1_base64="B91J7R+/o2evTusHobGIho18RN4=">AAAB/nicbVDLSsNAFJ34rPVVFVduBlvBVUm60WXRjcsK9gFNCDfTSTp0ZhJmJkIJBX/FjQtF3Pod7vwbp4+Fth64cDjnXu69J8o408Z1v5219Y3Nre3STnl3b//gsHJ03NFprghtk5SnqheBppxJ2jbMcNrLFAURcdqNRrdTv/tIlWapfDDjjAYCEsliRsBYKayc1nzNEgFh4csc+wkIAZNaWKm6dXcGvEq8BamiBVph5csfpCQXVBrCQeu+52YmKEAZRjidlP1c0wzICBLat1SCoDooZudP8IVVBjhOlS1p8Ez9PVGA0HosItspwAz1sjcV//P6uYmvg4LJLDdUkvmiOOfYpHiaBR4wRYnhY0uAKGZvxWQICoixiZVtCN7yy6uk06h7bt27b1SbN4s4SugMnaNL5KEr1ER3qIXaiKACPaNX9OY8OS/Ou/Mxb11zFjMn6A+czx+oUpVF</latexit><latexit sha1_base64="B91J7R+/o2evTusHobGIho18RN4=">AAAB/nicbVDLSsNAFJ34rPVVFVduBlvBVUm60WXRjcsK9gFNCDfTSTp0ZhJmJkIJBX/FjQtF3Pod7vwbp4+Fth64cDjnXu69J8o408Z1v5219Y3Nre3STnl3b//gsHJ03NFprghtk5SnqheBppxJ2jbMcNrLFAURcdqNRrdTv/tIlWapfDDjjAYCEsliRsBYKayc1nzNEgFh4csc+wkIAZNaWKm6dXcGvEq8BamiBVph5csfpCQXVBrCQeu+52YmKEAZRjidlP1c0wzICBLat1SCoDooZudP8IVVBjhOlS1p8Ez9PVGA0HosItspwAz1sjcV//P6uYmvg4LJLDdUkvmiOOfYpHiaBR4wRYnhY0uAKGZvxWQICoixiZVtCN7yy6uk06h7bt27b1SbN4s4SugMnaNL5KEr1ER3qIXaiKACPaNX9OY8OS/Ou/Mxb11zFjMn6A+czx+oUpVF</latexit><latexit sha1_base64="B91J7R+/o2evTusHobGIho18RN4=">AAAB/nicbVDLSsNAFJ34rPVVFVduBlvBVUm60WXRjcsK9gFNCDfTSTp0ZhJmJkIJBX/FjQtF3Pod7vwbp4+Fth64cDjnXu69J8o408Z1v5219Y3Nre3STnl3b//gsHJ03NFprghtk5SnqheBppxJ2jbMcNrLFAURcdqNRrdTv/tIlWapfDDjjAYCEsliRsBYKayc1nzNEgFh4csc+wkIAZNaWKm6dXcGvEq8BamiBVph5csfpCQXVBrCQeu+52YmKEAZRjidlP1c0wzICBLat1SCoDooZudP8IVVBjhOlS1p8Ez9PVGA0HosItspwAz1sjcV//P6uYmvg4LJLDdUkvmiOOfYpHiaBR4wRYnhY0uAKGZvxWQICoixiZVtCN7yy6uk06h7bt27b1SbN4s4SugMnaNL5KEr1ER3qIXaiKACPaNX9OY8OS/Ou/Mxb11zFjMn6A+czx+oUpVF</latexit>

d2�⌫X

dQ2dŝ
=

1

32⇡2

1

ŝ Q2

⇥
hT
X(Q

2, ŝ)�T
⌫�(Q

2, ŝ) + hL
X(Q

2, ŝ)�L
⌫�(Q

2, ŝ)
⇤

<latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit>
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LAr rates

14

Channel SBND µBooNE ICARUS DUNE ND ⌫STORM ND

Total e

±µ⌥
10 0.7 1 2993 (2307) 191

2 0.1 0.2 692 (530) 41

Total e+e� 6 0.4 0.7 1007 (800) 114

0.7 0.0 0.1 143 (111) 14

Total µ+µ�
0.4 0.0 0.0 286 (210) 11

0.4 0.0 0.0 196 (147) 9

<latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="Txf8OBpSqHVZtUMmaBxydmc4kKU=">AAACDnicbZC/TsMwEMadAqWEAu3MYlEhMVUJC4xILIxFon+kNqoc59JadZzIviBFUV+AlZmnYUO8AG+Dm3agLSdZ+un77LvzF2ZSGPS8H6d2cHhUP26cuKdN9+z8otUcmDTXHPo8lakehcyAFAr6KFDCKNPAklDCMFw8rvzhK2gjUvWCRQZBwmZKxIIztFJv2up4Xa8qug/+BjpkU9O2U59EKc8TUMglM2bsexkGJdMouISlO8kNZIwv2AzGFhVLwARlteeSXlslonGq7VFIK/Xvi5IlxhRJaG8mDOdm11uJ/3njHOP7oBQqyxEUXw+Kc0kxpatP00ho4CgLC4xrYXelfM4042ij2ZqSzQsjuLEtaG+NNNSMMhXRBSBVKVbBuTY4fzemfRjcdn2v6z97pEEuyRW5IT65Iw/kifRIn3ASkTfy7nw4n87XOuCas0m6TbbK+f4F9AydnA==</latexit><latexit sha1_base64="kWZtsPV1Ws9f8KmZ61jvJDjMGcY="></latexit><latexit sha1_base64="kWZtsPV1Ws9f8KmZ61jvJDjMGcY="></latexit><latexit sha1_base64="pcUfQFwElOq+wB2cYAhPoHsrDFg="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit><latexit sha1_base64="ZcBPp7ge5QU1FMZmiwwZsa905ng="></latexit>

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode in the 
expected lifetime of the experiment.
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The signal @ DUNE

Incredibly low invariant masses.

Collimated muons. 

Not a problem.

No hadronic activity at the vertex?
15

E� (GeV)
<latexit sha1_base64="KgDUgQa4OoUcmp2L32UUDkdCmE8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhHiy7veixKKLHCvYDtkvJprNtaDZZkqxQSn+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFYUmlVyqTkg0cCagaZjh0EkUkDjk0A5HNzO//QRKMykezTiBICYDwSJGibGSX77tXZRx5Q5a571iya26c+BV4mWkhDI0esWvbl/SNAZhKCda+56bmGBClGGUw7TQTTUkhI7IAHxLBYlBB5P5yVN8ZpU+jqSyJQyeq78nJiTWehyHtjMmZqiXvZn4n+enJroKJkwkqQFBF4uilGMj8ex/3GcKqOFjSwhVzN6K6ZAoQo1NqWBD8JZfXiWtWtVzq95DrVS/zuLIoxN0iirIQ5eoju5RAzURRRI9o1f05hjnxXl3PhatOSebOUZ/4Hz+AImLj3I=</latexit><latexit sha1_base64="KgDUgQa4OoUcmp2L32UUDkdCmE8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhHiy7veixKKLHCvYDtkvJprNtaDZZkqxQSn+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFYUmlVyqTkg0cCagaZjh0EkUkDjk0A5HNzO//QRKMykezTiBICYDwSJGibGSX77tXZRx5Q5a571iya26c+BV4mWkhDI0esWvbl/SNAZhKCda+56bmGBClGGUw7TQTTUkhI7IAHxLBYlBB5P5yVN8ZpU+jqSyJQyeq78nJiTWehyHtjMmZqiXvZn4n+enJroKJkwkqQFBF4uilGMj8ex/3GcKqOFjSwhVzN6K6ZAoQo1NqWBD8JZfXiWtWtVzq95DrVS/zuLIoxN0iirIQ5eoju5RAzURRRI9o1f05hjnxXl3PhatOSebOUZ/4Hz+AImLj3I=</latexit><latexit sha1_base64="KgDUgQa4OoUcmp2L32UUDkdCmE8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhHiy7veixKKLHCvYDtkvJprNtaDZZkqxQSn+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFYUmlVyqTkg0cCagaZjh0EkUkDjk0A5HNzO//QRKMykezTiBICYDwSJGibGSX77tXZRx5Q5a571iya26c+BV4mWkhDI0esWvbl/SNAZhKCda+56bmGBClGGUw7TQTTUkhI7IAHxLBYlBB5P5yVN8ZpU+jqSyJQyeq78nJiTWehyHtjMmZqiXvZn4n+enJroKJkwkqQFBF4uilGMj8ex/3GcKqOFjSwhVzN6K6ZAoQo1NqWBD8JZfXiWtWtVzq95DrVS/zuLIoxN0iirIQ5eoju5RAzURRRI9o1f05hjnxXl3PhatOSebOUZ/4Hz+AImLj3I=</latexit><latexit sha1_base64="KgDUgQa4OoUcmp2L32UUDkdCmE8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhHiy7veixKKLHCvYDtkvJprNtaDZZkqxQSn+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFYUmlVyqTkg0cCagaZjh0EkUkDjk0A5HNzO//QRKMykezTiBICYDwSJGibGSX77tXZRx5Q5a571iya26c+BV4mWkhDI0esWvbl/SNAZhKCda+56bmGBClGGUw7TQTTUkhI7IAHxLBYlBB5P5yVN8ZpU+jqSyJQyeq78nJiTWehyHtjMmZqiXvZn4n+enJroKJkwkqQFBF4uilGMj8ex/3GcKqOFjSwhVzN6K6ZAoQo1NqWBD8JZfXiWtWtVzq95DrVS/zuLIoxN0iirIQ5eoju5RAzURRRI9o1f05hjnxXl3PhatOSebOUZ/4Hz+AImLj3I=</latexit>

E+ (GeV)
<latexit sha1_base64="twNcJhT008roBI7s//yww8NpKBo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhIpTdXvRYFNFjBfsB26Vk09k2NJssSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlqmikKTSi5VJyQaOBPQNMxw6CQKSBxyaIejm5nffgKlmRSPZpxAEJOBYBGjxFjJL9/2Lsq4cget816x5FbdOfAq8TJSQhkaveJXty9pGoMwlBOtfc9NTDAhyjDKYVrophoSQkdkAL6lgsSgg8n85Ck+s0ofR1LZEgbP1d8TExJrPY5D2xkTM9TL3kz8z/NTE10FEyaS1ICgi0VRyrGRePY/7jMF1PCxJYQqZm/FdEgUocamVLAheMsvr5JWreq5Ve+hVqpfZ3Hk0Qk6RRXkoUtUR/eogZqIIome0St6c4zz4rw7H4vWnJPNHKM/cD5/AIZ1j3A=</latexit><latexit sha1_base64="twNcJhT008roBI7s//yww8NpKBo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhIpTdXvRYFNFjBfsB26Vk09k2NJssSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlqmikKTSi5VJyQaOBPQNMxw6CQKSBxyaIejm5nffgKlmRSPZpxAEJOBYBGjxFjJL9/2Lsq4cget816x5FbdOfAq8TJSQhkaveJXty9pGoMwlBOtfc9NTDAhyjDKYVrophoSQkdkAL6lgsSgg8n85Ck+s0ofR1LZEgbP1d8TExJrPY5D2xkTM9TL3kz8z/NTE10FEyaS1ICgi0VRyrGRePY/7jMF1PCxJYQqZm/FdEgUocamVLAheMsvr5JWreq5Ve+hVqpfZ3Hk0Qk6RRXkoUtUR/eogZqIIome0St6c4zz4rw7H4vWnJPNHKM/cD5/AIZ1j3A=</latexit><latexit sha1_base64="twNcJhT008roBI7s//yww8NpKBo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhIpTdXvRYFNFjBfsB26Vk09k2NJssSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlqmikKTSi5VJyQaOBPQNMxw6CQKSBxyaIejm5nffgKlmRSPZpxAEJOBYBGjxFjJL9/2Lsq4cget816x5FbdOfAq8TJSQhkaveJXty9pGoMwlBOtfc9NTDAhyjDKYVrophoSQkdkAL6lgsSgg8n85Ck+s0ofR1LZEgbP1d8TExJrPY5D2xkTM9TL3kz8z/NTE10FEyaS1ICgi0VRyrGRePY/7jMF1PCxJYQqZm/FdEgUocamVLAheMsvr5JWreq5Ve+hVqpfZ3Hk0Qk6RRXkoUtUR/eogZqIIome0St6c4zz4rw7H4vWnJPNHKM/cD5/AIZ1j3A=</latexit><latexit sha1_base64="twNcJhT008roBI7s//yww8NpKBo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BFuhIpTdXvRYFNFjBfsB26Vk09k2NJssSVYopT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPOtHHdbye3tr6xuZXfLuzs7u0fFA+PWlqmikKTSi5VJyQaOBPQNMxw6CQKSBxyaIejm5nffgKlmRSPZpxAEJOBYBGjxFjJL9/2Lsq4cget816x5FbdOfAq8TJSQhkaveJXty9pGoMwlBOtfc9NTDAhyjDKYVrophoSQkdkAL6lgsSgg8n85Ck+s0ofR1LZEgbP1d8TExJrPY5D2xkTM9TL3kz8z/NTE10FEyaS1ICgi0VRyrGRePY/7jMF1PCxJYQqZm/FdEgUocamVLAheMsvr5JWreq5Ve+hVqpfZ3Hk0Qk6RRXkoUtUR/eogZqIIome0St6c4zz4rw7H4vWnJPNHKM/cD5/AIZ1j3A=</latexit>

�✓ (�)
<latexit sha1_base64="HuvnTuSWOO9BQUQWGdPd1nBu7eI=">AAACA3icbVDJSgNBEO2JW4xb1JteGjNCvISZXPQY1IPHCGaBzBh6OpWkSc9Cd40QQsCLv+LFgyJe/Qlv/o2d5aCJDwoe71VRVS9IpNDoON9WZmV1bX0ju5nb2t7Z3cvvH9R1nCoONR7LWDUDpkGKCGooUEIzUcDCQEIjGFxN/MYDKC3i6A6HCfgh60WiKzhDI7XzR7Z3DRIZ9bAPyGxatO89LhS3z9r5glNypqDLxJ2TApmj2s5/eZ2YpyFEyCXTuuU6CfojplBwCeOcl2pIGB+wHrQMjVgI2h9NfxjTU6N0aDdWpiKkU/X3xIiFWg/DwHSGDPt60ZuI/3mtFLsX/khESYoQ8dmibiopxnQSCO0IBRzl0BDGlTC3Ut5ninE0seVMCO7iy8ukXi65Tsm9LRcql/M4suSYnJAicck5qZAbUiU1wskjeSav5M16sl6sd+tj1pqx5jOH5A+szx8expXh</latexit><latexit sha1_base64="HuvnTuSWOO9BQUQWGdPd1nBu7eI=">AAACA3icbVDJSgNBEO2JW4xb1JteGjNCvISZXPQY1IPHCGaBzBh6OpWkSc9Cd40QQsCLv+LFgyJe/Qlv/o2d5aCJDwoe71VRVS9IpNDoON9WZmV1bX0ju5nb2t7Z3cvvH9R1nCoONR7LWDUDpkGKCGooUEIzUcDCQEIjGFxN/MYDKC3i6A6HCfgh60WiKzhDI7XzR7Z3DRIZ9bAPyGxatO89LhS3z9r5glNypqDLxJ2TApmj2s5/eZ2YpyFEyCXTuuU6CfojplBwCeOcl2pIGB+wHrQMjVgI2h9NfxjTU6N0aDdWpiKkU/X3xIiFWg/DwHSGDPt60ZuI/3mtFLsX/khESYoQ8dmibiopxnQSCO0IBRzl0BDGlTC3Ut5ninE0seVMCO7iy8ukXi65Tsm9LRcql/M4suSYnJAicck5qZAbUiU1wskjeSav5M16sl6sd+tj1pqx5jOH5A+szx8expXh</latexit><latexit sha1_base64="HuvnTuSWOO9BQUQWGdPd1nBu7eI=">AAACA3icbVDJSgNBEO2JW4xb1JteGjNCvISZXPQY1IPHCGaBzBh6OpWkSc9Cd40QQsCLv+LFgyJe/Qlv/o2d5aCJDwoe71VRVS9IpNDoON9WZmV1bX0ju5nb2t7Z3cvvH9R1nCoONR7LWDUDpkGKCGooUEIzUcDCQEIjGFxN/MYDKC3i6A6HCfgh60WiKzhDI7XzR7Z3DRIZ9bAPyGxatO89LhS3z9r5glNypqDLxJ2TApmj2s5/eZ2YpyFEyCXTuuU6CfojplBwCeOcl2pIGB+wHrQMjVgI2h9NfxjTU6N0aDdWpiKkU/X3xIiFWg/DwHSGDPt60ZuI/3mtFLsX/khESYoQ8dmibiopxnQSCO0IBRzl0BDGlTC3Ut5ninE0seVMCO7iy8ukXi65Tsm9LRcql/M4suSYnJAicck5qZAbUiU1wskjeSav5M16sl6sd+tj1pqx5jOH5A+szx8expXh</latexit><latexit sha1_base64="HuvnTuSWOO9BQUQWGdPd1nBu7eI=">AAACA3icbVDJSgNBEO2JW4xb1JteGjNCvISZXPQY1IPHCGaBzBh6OpWkSc9Cd40QQsCLv+LFgyJe/Qlv/o2d5aCJDwoe71VRVS9IpNDoON9WZmV1bX0ju5nb2t7Z3cvvH9R1nCoONR7LWDUDpkGKCGooUEIzUcDCQEIjGFxN/MYDKC3i6A6HCfgh60WiKzhDI7XzR7Z3DRIZ9bAPyGxatO89LhS3z9r5glNypqDLxJ2TApmj2s5/eZ2YpyFEyCXTuuU6CfojplBwCeOcl2pIGB+wHrQMjVgI2h9NfxjTU6N0aDdWpiKkU/X3xIiFWg/DwHSGDPt60ZuI/3mtFLsX/khESYoQ8dmibiopxnQSCO0IBRzl0BDGlTC3Ut5ninE0seVMCO7iy8ukXi65Tsm9LRcql/M4suSYnJAicck5qZAbUiU1wskjeSav5M16sl6sd+tj1pqx5jOH5A+szx8expXh</latexit>

m2
`+`� (GeV2)

<latexit sha1_base64="csuPQmWWJTf2mbSlHytgviw68ho=">AAACCHicbVC7TgJBFJ3FF+Jr1dLCiWCCMZLdbbQkWmiJiYAJLGR2uAsTZh+ZmTUhG0obf8XGQmNs/QQ7/8YBtlDwJDf35Jx7M3OPF3MmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryCgRFOo04pG494gEzkKoK6Y43McCSOBxaHrDq4nffAAhWRTeqVEMbkD6IfMZJUpLXfOwFHScbtoGzjuneNrOxiVcvoZGqeOUTrpm0apYU+BFYmekiDLUuuZXuxfRJIBQUU6kbNlWrNyUCMUoh3GhnUiICR2SPrQ0DUkA0k2nh4zxsVZ62I+ErlDhqfp7IyWBlKPA05MBUQM5703E/7xWovwLN2VhnCgI6ewhP+FYRXiSCu4xAVTxkSaECqb/iumACEKVzq6gQ7DnT14kDadiWxX71ilWL7M48ugAHaEystE5qqIbVEN1RNEjekav6M14Ml6Md+NjNpozsp199AfG5w+wlZcs</latexit><latexit sha1_base64="csuPQmWWJTf2mbSlHytgviw68ho=">AAACCHicbVC7TgJBFJ3FF+Jr1dLCiWCCMZLdbbQkWmiJiYAJLGR2uAsTZh+ZmTUhG0obf8XGQmNs/QQ7/8YBtlDwJDf35Jx7M3OPF3MmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryCgRFOo04pG494gEzkKoK6Y43McCSOBxaHrDq4nffAAhWRTeqVEMbkD6IfMZJUpLXfOwFHScbtoGzjuneNrOxiVcvoZGqeOUTrpm0apYU+BFYmekiDLUuuZXuxfRJIBQUU6kbNlWrNyUCMUoh3GhnUiICR2SPrQ0DUkA0k2nh4zxsVZ62I+ErlDhqfp7IyWBlKPA05MBUQM5703E/7xWovwLN2VhnCgI6ewhP+FYRXiSCu4xAVTxkSaECqb/iumACEKVzq6gQ7DnT14kDadiWxX71ilWL7M48ugAHaEystE5qqIbVEN1RNEjekav6M14Ml6Md+NjNpozsp199AfG5w+wlZcs</latexit><latexit sha1_base64="csuPQmWWJTf2mbSlHytgviw68ho=">AAACCHicbVC7TgJBFJ3FF+Jr1dLCiWCCMZLdbbQkWmiJiYAJLGR2uAsTZh+ZmTUhG0obf8XGQmNs/QQ7/8YBtlDwJDf35Jx7M3OPF3MmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryCgRFOo04pG494gEzkKoK6Y43McCSOBxaHrDq4nffAAhWRTeqVEMbkD6IfMZJUpLXfOwFHScbtoGzjuneNrOxiVcvoZGqeOUTrpm0apYU+BFYmekiDLUuuZXuxfRJIBQUU6kbNlWrNyUCMUoh3GhnUiICR2SPrQ0DUkA0k2nh4zxsVZ62I+ErlDhqfp7IyWBlKPA05MBUQM5703E/7xWovwLN2VhnCgI6ewhP+FYRXiSCu4xAVTxkSaECqb/iumACEKVzq6gQ7DnT14kDadiWxX71ilWL7M48ugAHaEystE5qqIbVEN1RNEjekav6M14Ml6Md+NjNpozsp199AfG5w+wlZcs</latexit><latexit sha1_base64="csuPQmWWJTf2mbSlHytgviw68ho=">AAACCHicbVC7TgJBFJ3FF+Jr1dLCiWCCMZLdbbQkWmiJiYAJLGR2uAsTZh+ZmTUhG0obf8XGQmNs/QQ7/8YBtlDwJDf35Jx7M3OPF3MmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryCgRFOo04pG494gEzkKoK6Y43McCSOBxaHrDq4nffAAhWRTeqVEMbkD6IfMZJUpLXfOwFHScbtoGzjuneNrOxiVcvoZGqeOUTrpm0apYU+BFYmekiDLUuuZXuxfRJIBQUU6kbNlWrNyUCMUoh3GhnUiICR2SPrQ0DUkA0k2nh4zxsVZ62I+ErlDhqfp7IyWBlKPA05MBUQM5703E/7xWovwLN2VhnCgI6ewhP+FYRXiSCu4xAVTxkSaECqb/iumACEKVzq6gQ7DnT14kDadiWxX71ilWL7M48ugAHaEystE5qqIbVEN1RNEjekav6M14Ml6Md+NjNpozsp199AfG5w+wlZcs</latexit>

Q2 (GeV2)
<latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit>

P
.D

.F
.

<latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit>

P
.D

.F
.

<latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit>

P
.D

.F
.

<latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit>
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.

<latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit>



M. Hostert

The signal @ DUNE

No hadronic activity at the vertex?
16

Q2 (GeV2)
<latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit><latexit sha1_base64="5lqG3vvtIlNSnMaycqIvklIGX6E=">AAAB+HicbZDLTsJAFIaneEO8UHXpZiKY4Ia0bHRJdKFLSOSSQCXT4RQmTKfNzNQEG57EjQuNceujuPNtHKALBf9kki//OSfnzO/HnCntON9WbmNza3snv1vY2z84LNpHx20VJZJCi0Y8kl2fKOBMQEszzaEbSyChz6HjT27m9c4jSMUica+nMXghGQkWMEq0sQZ2sdx8qJVx5RbaZQMXA7vkVJ2F8Dq4GZRQpsbA/uoPI5qEIDTlRKme68TaS4nUjHKYFfqJgpjQCRlBz6AgISgvXRw+w+fGGeIgkuYJjRfu74mUhEpNQ990hkSP1Wptbv5X6yU6uPJSJuJEg6DLRUHCsY7wPAU8ZBKo5lMDhEpmbsV0TCSh2mRVMCG4q19eh3at6jpVt1kr1a+zOPLoFJ2hCnLRJaqjO9RALURRgp7RK3qznqwX6936WLbmrGzmBP2R9fkDAX6Qsw==</latexit>

P
.D

.F
.

<latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit><latexit sha1_base64="UxLxkXq56EyoOU3y4aBgGFlVD4Y=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0h60WNREY8V7Ae0oWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Xtys7u3v5B9fCorWWqCG0RyaXqhlhTzgRtGWY47SaK4jjktBNOrnO/80SVZlI8mGlCgxiPBIsYwcZK7aZ74966g2rNc7050CrxC1KDAs1B9as/lCSNqTCEY617vpeYIMPKMMLprNJPNU0wmeAR7VkqcEx1kM2vnaEzqwxRJJUtYdBc/T2R4VjraRzazhibsV72cvE/r5ea6DLImEhSQwVZLIpSjoxE+etoyBQlhk8twUQxeysiY6wwMTagig3BX355lbTrru+5/n291rgq4ijDCZzCOfhwAQ24gya0gMAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPHwe0jhg=</latexit>

Perhaps biggest uncertainty of calculation! 

What is the hadronic signature of diffractive tridents? 

We include fermi blocking, but other effects at play.



M. Hostert

Electrons are produced with low energies.  

Even with 30 MeV thresholds in LAr, still okay      70% efficiencies. 
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The signal @ DUNE



M. Hostert

Genuine dilepton production with no 
hadronic activity is rare, but misID is the 
problem.

Backgrounds

From GENIE events, find most important 
bkgs. after vetoing protons (>21 MeV) are

µ+µ�
<latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit><latexit sha1_base64="zDqUJysHyXEkGgpE221hmhJr9mg=">AAAB9HicbVDLTgIxFL2DL8QX6tJNI5iYGMkMG10S3bjERB4JjKRTOtDQdsa2Q0II3+HGhca49WPc+Td2YBYKnuTenJxzb3p7gpgzbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Db1W2OqNIvkg5nE1Bd4IFnICDZW8stdkTxeoLRflnvFkltx50CrxMtICTLUe8Wvbj8iiaDSEI617nhubPwpVoYRTmeFbqJpjMkID2jHUokF1f50fvQMnVmlj8JI2ZIGzdXfG1MstJ6IwE4KbIZ62UvF/7xOYsJrf8pknBgqyeKhMOHIRChNAPWZosTwiSWYKGZvRWSIFSbG5lSwIXjLX14lzWrFcyvefbVUu8niyMMJnMI5eHAFNbiDOjSAwBM8wyu8OWPnxXl3PhajOSfbOYY/cD5/AAftkPI=</latexit>

e+e�
<latexit sha1_base64="VyS88fp8pG+JxxL/QVK+u+eBM2w=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFtBEMtuL3osevFYwX5Iuy3ZdLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0likKDRjxS7YBo4ExCwzDDoR0rICLg0ArGtzO/9QRKs0g+mEkMviBDyUJGibHSYxl6Fxh6l+V+seRW3DnwKvEyUkIZ6v3iV3cQ0USANJQTrTueGxs/JcowymFa6CYaYkLHZAgdSyURoP10fvAUn1llgMNI2ZIGz9XfEykRWk9EYDsFMSO97M3E/7xOYsJrP2UyTgxIulgUJhybCM++xwOmgBo+sYRQxeytmI6IItTYjAo2BG/55VXSrFY8t+LdV0u1myyOPDpBp+gceegK1dAdqqMGokigZ/SK3hzlvDjvzseiNedkM8foD5zPH9Lrjxg=</latexit><latexit sha1_base64="VyS88fp8pG+JxxL/QVK+u+eBM2w=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFtBEMtuL3osevFYwX5Iuy3ZdLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0likKDRjxS7YBo4ExCwzDDoR0rICLg0ArGtzO/9QRKs0g+mEkMviBDyUJGibHSYxl6Fxh6l+V+seRW3DnwKvEyUkIZ6v3iV3cQ0USANJQTrTueGxs/JcowymFa6CYaYkLHZAgdSyURoP10fvAUn1llgMNI2ZIGz9XfEykRWk9EYDsFMSO97M3E/7xOYsJrP2UyTgxIulgUJhybCM++xwOmgBo+sYRQxeytmI6IItTYjAo2BG/55VXSrFY8t+LdV0u1myyOPDpBp+gceegK1dAdqqMGokigZ/SK3hzlvDjvzseiNedkM8foD5zPH9Lrjxg=</latexit><latexit sha1_base64="VyS88fp8pG+JxxL/QVK+u+eBM2w=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFtBEMtuL3osevFYwX5Iuy3ZdLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0likKDRjxS7YBo4ExCwzDDoR0rICLg0ArGtzO/9QRKs0g+mEkMviBDyUJGibHSYxl6Fxh6l+V+seRW3DnwKvEyUkIZ6v3iV3cQ0USANJQTrTueGxs/JcowymFa6CYaYkLHZAgdSyURoP10fvAUn1llgMNI2ZIGz9XfEykRWk9EYDsFMSO97M3E/7xOYsJrP2UyTgxIulgUJhybCM++xwOmgBo+sYRQxeytmI6IItTYjAo2BG/55VXSrFY8t+LdV0u1myyOPDpBp+gceegK1dAdqqMGokigZ/SK3hzlvDjvzseiNedkM8foD5zPH9Lrjxg=</latexit><latexit sha1_base64="VyS88fp8pG+JxxL/QVK+u+eBM2w=">AAAB8HicbVBNSwMxEM3Wr1q/qh69BFtBEMtuL3osevFYwX5Iuy3ZdLYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0likKDRjxS7YBo4ExCwzDDoR0rICLg0ArGtzO/9QRKs0g+mEkMviBDyUJGibHSYxl6Fxh6l+V+seRW3DnwKvEyUkIZ6v3iV3cQ0USANJQTrTueGxs/JcowymFa6CYaYkLHZAgdSyURoP10fvAUn1llgMNI2ZIGz9XfEykRWk9EYDsFMSO97M3E/7xOYsJrP2UyTgxIulgUJhybCM++xwOmgBo+sYRQxeytmI6IItTYjAo2BG/55VXSrFY8t+LdV0u1myyOPDpBp+gceegK1dAdqqMGokigZ/SK3hzlvDjvzseiNedkM8foD5zPH9Lrjxg=</latexit>

CC1⇡±
<latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit>

 and           .

CC1⇡0
<latexit sha1_base64="3CdTdqRmDE6iW5cQN0FoMMoo7lo=">AAACBnicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjRhbFI9CHaUDmu01p1nMh2kKqoOx/ACp/Ahlj5Db6A38BJM9CWI1k6Oue+fLyIM6Vt+9sqbGxube8Ud0t7+weHR+Xjk44KY0lom4Q8lD0PK8qZoG3NNKe9SFIceJx2vWkz9btPVCoWins9i6gb4LFgPiNYG+mh2aw6g4g92tVhuWLX7AxonTg5qUCO1rD8MxiFJA6o0IRjpfqOHWk3wVIzwum8NIgVjTCZ4jHtGypwQJWbZBfP0YVRRsgPpXlCo0z925HgQKlZ4JnKAOuJWvVS8T+vH2v/2k2YiGJNBVks8mOOdIjS76MRk5RoPjMEE8nMrYhMsMREm5CWtqSzpfLV3CTjrOawTjr1mmPXnLt6pXGTZ1SEMziHS3DgChpwCy1oAwEBL/AKb9az9W59WJ+L0oKV95zCEqyvX/aamPE=</latexit><latexit sha1_base64="3CdTdqRmDE6iW5cQN0FoMMoo7lo=">AAACBnicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjRhbFI9CHaUDmu01p1nMh2kKqoOx/ACp/Ahlj5Db6A38BJM9CWI1k6Oue+fLyIM6Vt+9sqbGxube8Ud0t7+weHR+Xjk44KY0lom4Q8lD0PK8qZoG3NNKe9SFIceJx2vWkz9btPVCoWins9i6gb4LFgPiNYG+mh2aw6g4g92tVhuWLX7AxonTg5qUCO1rD8MxiFJA6o0IRjpfqOHWk3wVIzwum8NIgVjTCZ4jHtGypwQJWbZBfP0YVRRsgPpXlCo0z925HgQKlZ4JnKAOuJWvVS8T+vH2v/2k2YiGJNBVks8mOOdIjS76MRk5RoPjMEE8nMrYhMsMREm5CWtqSzpfLV3CTjrOawTjr1mmPXnLt6pXGTZ1SEMziHS3DgChpwCy1oAwEBL/AKb9az9W59WJ+L0oKV95zCEqyvX/aamPE=</latexit><latexit sha1_base64="3CdTdqRmDE6iW5cQN0FoMMoo7lo=">AAACBnicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjRhbFI9CHaUDmu01p1nMh2kKqoOx/ACp/Ahlj5Db6A38BJM9CWI1k6Oue+fLyIM6Vt+9sqbGxube8Ud0t7+weHR+Xjk44KY0lom4Q8lD0PK8qZoG3NNKe9SFIceJx2vWkz9btPVCoWins9i6gb4LFgPiNYG+mh2aw6g4g92tVhuWLX7AxonTg5qUCO1rD8MxiFJA6o0IRjpfqOHWk3wVIzwum8NIgVjTCZ4jHtGypwQJWbZBfP0YVRRsgPpXlCo0z925HgQKlZ4JnKAOuJWvVS8T+vH2v/2k2YiGJNBVks8mOOdIjS76MRk5RoPjMEE8nMrYhMsMREm5CWtqSzpfLV3CTjrOawTjr1mmPXnLt6pXGTZ1SEMziHS3DgChpwCy1oAwEBL/AKb9az9W59WJ+L0oKV95zCEqyvX/aamPE=</latexit><latexit sha1_base64="3CdTdqRmDE6iW5cQN0FoMMoo7lo=">AAACBnicbVC7TsMwFL0pr1JeBUYWixaJqUq6wFjRhbFI9CHaUDmu01p1nMh2kKqoOx/ACp/Ahlj5Db6A38BJM9CWI1k6Oue+fLyIM6Vt+9sqbGxube8Ud0t7+weHR+Xjk44KY0lom4Q8lD0PK8qZoG3NNKe9SFIceJx2vWkz9btPVCoWins9i6gb4LFgPiNYG+mh2aw6g4g92tVhuWLX7AxonTg5qUCO1rD8MxiFJA6o0IRjpfqOHWk3wVIzwum8NIgVjTCZ4jHtGypwQJWbZBfP0YVRRsgPpXlCo0z925HgQKlZ4JnKAOuJWvVS8T+vH2v/2k2YiGJNBVks8mOOdIjS76MRk5RoPjMEE8nMrYhMsMREm5CWtqSzpfLV3CTjrOawTjr1mmPXnLt6pXGTZ1SEMziHS3DgChpwCy1oAwEBL/AKb9az9W59WJ+L0oKV95zCEqyvX/aamPE=</latexit>

with misID    .  
e+µ�

<latexit sha1_base64="WS5DE2a2N2FsxaThDU7Rhqw3buA=">AAACBnicbVDLTgIxFL2DL8QX6tLNRDAxMZIZNrokunGJiTwiDKRTOtDQdiZtx4RM2PsBbvUT3Bm3/oZf4G/YgVkIeJImJ+fcV48fMaq043xbubX1jc2t/HZhZ3dv/6B4eNRUYSwxaeCQhbLtI0UYFaShqWakHUmCuM9Iyx/fpn7riUhFQ/GgJxHxOBoKGlCMtJEey6R30eVx77LcL5acijODvUrcjJQgQ71f/OkOQhxzIjRmSKmO60TaS5DUFDMyLXRjRSKEx2hIOoYKxInyktnFU/vMKAM7CKV5Qtsz9W9HgrhSE+6bSo70SC17qfif14l1cO0lVESxJgLPFwUxs3Vop9+3B1QSrNnEEIQlNbfaeIQkwtqEtLAlnS1VoKYmGXc5h1XSrFZcp+LeV0u1myyjPJzAKZyDC1dQgzuoQwMwCHiBV3iznq1368P6nJfmrKznGBZgff0CWZ6ZLg==</latexit><latexit sha1_base64="WS5DE2a2N2FsxaThDU7Rhqw3buA=">AAACBnicbVDLTgIxFL2DL8QX6tLNRDAxMZIZNrokunGJiTwiDKRTOtDQdiZtx4RM2PsBbvUT3Bm3/oZf4G/YgVkIeJImJ+fcV48fMaq043xbubX1jc2t/HZhZ3dv/6B4eNRUYSwxaeCQhbLtI0UYFaShqWakHUmCuM9Iyx/fpn7riUhFQ/GgJxHxOBoKGlCMtJEey6R30eVx77LcL5acijODvUrcjJQgQ71f/OkOQhxzIjRmSKmO60TaS5DUFDMyLXRjRSKEx2hIOoYKxInyktnFU/vMKAM7CKV5Qtsz9W9HgrhSE+6bSo70SC17qfif14l1cO0lVESxJgLPFwUxs3Vop9+3B1QSrNnEEIQlNbfaeIQkwtqEtLAlnS1VoKYmGXc5h1XSrFZcp+LeV0u1myyjPJzAKZyDC1dQgzuoQwMwCHiBV3iznq1368P6nJfmrKznGBZgff0CWZ6ZLg==</latexit><latexit sha1_base64="WS5DE2a2N2FsxaThDU7Rhqw3buA=">AAACBnicbVDLTgIxFL2DL8QX6tLNRDAxMZIZNrokunGJiTwiDKRTOtDQdiZtx4RM2PsBbvUT3Bm3/oZf4G/YgVkIeJImJ+fcV48fMaq043xbubX1jc2t/HZhZ3dv/6B4eNRUYSwxaeCQhbLtI0UYFaShqWakHUmCuM9Iyx/fpn7riUhFQ/GgJxHxOBoKGlCMtJEey6R30eVx77LcL5acijODvUrcjJQgQ71f/OkOQhxzIjRmSKmO60TaS5DUFDMyLXRjRSKEx2hIOoYKxInyktnFU/vMKAM7CKV5Qtsz9W9HgrhSE+6bSo70SC17qfif14l1cO0lVESxJgLPFwUxs3Vop9+3B1QSrNnEEIQlNbfaeIQkwtqEtLAlnS1VoKYmGXc5h1XSrFZcp+LeV0u1myyjPJzAKZyDC1dQgzuoQwMwCHiBV3iznq1368P6nJfmrKznGBZgff0CWZ6ZLg==</latexit><latexit sha1_base64="WS5DE2a2N2FsxaThDU7Rhqw3buA=">AAACBnicbVDLTgIxFL2DL8QX6tLNRDAxMZIZNrokunGJiTwiDKRTOtDQdiZtx4RM2PsBbvUT3Bm3/oZf4G/YgVkIeJImJ+fcV48fMaq043xbubX1jc2t/HZhZ3dv/6B4eNRUYSwxaeCQhbLtI0UYFaShqWakHUmCuM9Iyx/fpn7riUhFQ/GgJxHxOBoKGlCMtJEey6R30eVx77LcL5acijODvUrcjJQgQ71f/OkOQhxzIjRmSKmO60TaS5DUFDMyLXRjRSKEx2hIOoYKxInyktnFU/vMKAM7CKV5Qtsz9W9HgrhSE+6bSo70SC17qfif14l1cO0lVESxJgLPFwUxs3Vop9+3B1QSrNnEEIQlNbfaeIQkwtqEtLAlnS1VoKYmGXc5h1XSrFZcp+LeV0u1myyjPJzAKZyDC1dQgzuoQwMwCHiBV3iznq1368P6nJfmrKznGBZgff0CWZ6ZLg==</latexit>

misID     .

NC1⇡0
<latexit sha1_base64="ffOagIF9EqciXt8CGGjGoESE/sU=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GSyKNlcFEPiKcZG+Zgw17e5fdPRNC+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8GoNvNbT6g0j+W9GSfoR3QgecgZNVZ6uK15pW7CH91Sr1B0y+4cZJV4GSlChnqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/nFU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8MqfcJmkBiVbLApTQUxMZu+TPlfIjBhbQpni9lbChlRRZmxIeRuCt/zyKmlWyp5b9u4qxep1FkcOTuEMLsCDS6jCDdShAQwkPMMrvDnaeXHenY9F65qTzZzAHzifP8e8j6k=</latexit><latexit sha1_base64="ffOagIF9EqciXt8CGGjGoESE/sU=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GSyKNlcFEPiKcZG+Zgw17e5fdPRNC+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8GoNvNbT6g0j+W9GSfoR3QgecgZNVZ6uK15pW7CH91Sr1B0y+4cZJV4GSlChnqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/nFU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8MqfcJmkBiVbLApTQUxMZu+TPlfIjBhbQpni9lbChlRRZmxIeRuCt/zyKmlWyp5b9u4qxep1FkcOTuEMLsCDS6jCDdShAQwkPMMrvDnaeXHenY9F65qTzZzAHzifP8e8j6k=</latexit><latexit sha1_base64="ffOagIF9EqciXt8CGGjGoESE/sU=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GSyKNlcFEPiKcZG+Zgw17e5fdPRNC+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8GoNvNbT6g0j+W9GSfoR3QgecgZNVZ6uK15pW7CH91Sr1B0y+4cZJV4GSlChnqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/nFU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8MqfcJmkBiVbLApTQUxMZu+TPlfIjBhbQpni9lbChlRRZmxIeRuCt/zyKmlWyp5b9u4qxep1FkcOTuEMLsCDS6jCDdShAQwkPMMrvDnaeXHenY9F65qTzZzAHzifP8e8j6k=</latexit><latexit sha1_base64="ffOagIF9EqciXt8CGGjGoESE/sU=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GSyKNlcFEPiKcZG+Zgw17e5fdPRNC+Bc2Fhpj67+x89+4wBUKvmSSl/dmMjMvSATXxnW/nbX1jc2t7dxOfndv/+CwcHTc1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8GoNvNbT6g0j+W9GSfoR3QgecgZNVZ6uK15pW7CH91Sr1B0y+4cZJV4GSlChnqv8NXtxyyNUBomqNYdz02MP6HKcCZwmu+mGhPKRnSAHUsljVD7k/nFU3JulT4JY2VLGjJXf09MaKT1OApsZ0TNUC97M/E/r5Oa8MqfcJmkBiVbLApTQUxMZu+TPlfIjBhbQpni9lbChlRRZmxIeRuCt/zyKmlWyp5b9u4qxep1FkcOTuEMLsCDS6jCDdShAQwkPMMrvDnaeXHenY9F65qTzZzAHzifP8e8j6k=</latexit>

�
<latexit sha1_base64="x9VzMh6pD96j0yEsoaJKw5Js9bE=">AAACBHicbVC7TgJBFL3rE/GFWtpsBBMrskujJdHGEhN5JLAhd4dZmDAzu5mZNSGE1g+w1U+wM7b+h1/gbzgLWwh4kklOzrmvOWHCmTae9+1sbG5t7+wW9or7B4dHx6WT05aOU0Vok8Q8Vp0QNeVM0qZhhtNOoiiKkNN2OL7L/PYTVZrF8tFMEhoIHEoWMYLGSp1Kb4hCYKVfKntVbw53nfg5KUOORr/00xvEJBVUGsJR667vJSaYojKMcDor9lJNEyRjHNKupRIF1cF0fu/MvbTKwI1iZZ807lz92zFFofVEhLZSoBnpVS8T//O6qYlugimTSWqoJItFUcpdE7vZ590BU5QYPrEEiWL2VpeMUCExNqKlLdlspSM9s8n4qzmsk1at6ntV/6FWrt/mGRXgHC7gCny4hjrcQwOaQIDDC7zCm/PsvDsfzueidMPJe85gCc7XL35MmMI=</latexit><latexit sha1_base64="x9VzMh6pD96j0yEsoaJKw5Js9bE=">AAACBHicbVC7TgJBFL3rE/GFWtpsBBMrskujJdHGEhN5JLAhd4dZmDAzu5mZNSGE1g+w1U+wM7b+h1/gbzgLWwh4kklOzrmvOWHCmTae9+1sbG5t7+wW9or7B4dHx6WT05aOU0Vok8Q8Vp0QNeVM0qZhhtNOoiiKkNN2OL7L/PYTVZrF8tFMEhoIHEoWMYLGSp1Kb4hCYKVfKntVbw53nfg5KUOORr/00xvEJBVUGsJR667vJSaYojKMcDor9lJNEyRjHNKupRIF1cF0fu/MvbTKwI1iZZ807lz92zFFofVEhLZSoBnpVS8T//O6qYlugimTSWqoJItFUcpdE7vZ590BU5QYPrEEiWL2VpeMUCExNqKlLdlspSM9s8n4qzmsk1at6ntV/6FWrt/mGRXgHC7gCny4hjrcQwOaQIDDC7zCm/PsvDsfzueidMPJe85gCc7XL35MmMI=</latexit><latexit sha1_base64="x9VzMh6pD96j0yEsoaJKw5Js9bE=">AAACBHicbVC7TgJBFL3rE/GFWtpsBBMrskujJdHGEhN5JLAhd4dZmDAzu5mZNSGE1g+w1U+wM7b+h1/gbzgLWwh4kklOzrmvOWHCmTae9+1sbG5t7+wW9or7B4dHx6WT05aOU0Vok8Q8Vp0QNeVM0qZhhtNOoiiKkNN2OL7L/PYTVZrF8tFMEhoIHEoWMYLGSp1Kb4hCYKVfKntVbw53nfg5KUOORr/00xvEJBVUGsJR667vJSaYojKMcDor9lJNEyRjHNKupRIF1cF0fu/MvbTKwI1iZZ807lz92zFFofVEhLZSoBnpVS8T//O6qYlugimTSWqoJItFUcpdE7vZ590BU5QYPrEEiWL2VpeMUCExNqKlLdlspSM9s8n4qzmsk1at6ntV/6FWrt/mGRXgHC7gCny4hjrcQwOaQIDDC7zCm/PsvDsfzueidMPJe85gCc7XL35MmMI=</latexit><latexit sha1_base64="x9VzMh6pD96j0yEsoaJKw5Js9bE=">AAACBHicbVC7TgJBFL3rE/GFWtpsBBMrskujJdHGEhN5JLAhd4dZmDAzu5mZNSGE1g+w1U+wM7b+h1/gbzgLWwh4kklOzrmvOWHCmTae9+1sbG5t7+wW9or7B4dHx6WT05aOU0Vok8Q8Vp0QNeVM0qZhhtNOoiiKkNN2OL7L/PYTVZrF8tFMEhoIHEoWMYLGSp1Kb4hCYKVfKntVbw53nfg5KUOORr/00xvEJBVUGsJR667vJSaYojKMcDor9lJNEyRjHNKupRIF1cF0fu/MvbTKwI1iZZ807lz92zFFofVEhLZSoBnpVS8T//O6qYlugimTSWqoJItFUcpdE7vZ590BU5QYPrEEiWL2VpeMUCExNqKlLdlspSM9s8n4qzmsk1at6ntV/6FWrt/mGRXgHC7gCny4hjrcQwOaQIDDC7zCm/PsvDsfzueidMPJe85gCc7XL35MmMI=</latexit>

CC1⇡±
<latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit><latexit sha1_base64="vUgRSCESx+sBDzGsFD+I6G29T2Q=">AAACCHicbVDLTgIxFL3jE/GFunTTCCauyAwbXRLZuMREHgkzkk7pQEOn07QdEzLhB/wAt/oJ7oxb/8Iv8DcsMAsBT3KTk3PuKyeUnGnjut/OxubW9s5uYa+4f3B4dFw6OW3rJFWEtkjCE9UNsaacCdoyzHDalYriOOS0E44bM7/zRJVmiXgwE0mDGA8FixjBxkp+o1HxfMkefRlX+qWyW3XnQOvEy0kZcjT7pR9/kJA0psIQjrXuea40QYaVYYTTadFPNZWYjPGQ9iwVOKY6yOY/T9GlVQYoSpQtYdBc/TuR4VjrSRzazhibkV71ZuJ/Xi810U2QMSFTQwVZHIpSjkyCZgGgAVOUGD6xBBPF7K+IjLDCxNiYlq7Mdisd6alNxlvNYZ20a1XPrXr3tXL9Ns+oAOdwAVfgwTXU4Q6a0AICEl7gFd6cZ+fd+XA+F60bTj5zBktwvn4B7z6aDg==</latexit>

⌫eCC⇡0
<latexit sha1_base64="N4Wo01Vuqx1KvFzH7TgjsUQH4Gc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LDaCp5L0osdiLx4r2A9oYthsp+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZ0q77bZW2tnd298r7lYPDo+MT+/Sso5JMUmjThCeyFxEFnAloa6Y59FIJJI44dKNJc+F3pyAVS8SjnqUQxGQk2JBRoo0U2rbjiywEp9l0/JQ9uU5oV92auwTeJF5BqqhAK7S//EFCsxiEppwo1ffcVAc5kZpRDvOKnylICZ2QEfQNFSQGFeTLy+f4yigDPEykKaHxUv09kZNYqVkcmc6Y6LFa9xbif14/08PbIGcizTQIulo0zDjWCV7EgAdMAtV8ZgihkplbMR0TSag2YVVMCN76y5ukU695bs17qFcbd0UcZXSBLtE18tANaqB71EJtRNEUPaNX9Gbl1ov1bn2sWktWMXOO/sD6/AFVupIl</latexit><latexit sha1_base64="N4Wo01Vuqx1KvFzH7TgjsUQH4Gc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LDaCp5L0osdiLx4r2A9oYthsp+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZ0q77bZW2tnd298r7lYPDo+MT+/Sso5JMUmjThCeyFxEFnAloa6Y59FIJJI44dKNJc+F3pyAVS8SjnqUQxGQk2JBRoo0U2rbjiywEp9l0/JQ9uU5oV92auwTeJF5BqqhAK7S//EFCsxiEppwo1ffcVAc5kZpRDvOKnylICZ2QEfQNFSQGFeTLy+f4yigDPEykKaHxUv09kZNYqVkcmc6Y6LFa9xbif14/08PbIGcizTQIulo0zDjWCV7EgAdMAtV8ZgihkplbMR0TSag2YVVMCN76y5ukU695bs17qFcbd0UcZXSBLtE18tANaqB71EJtRNEUPaNX9Gbl1ov1bn2sWktWMXOO/sD6/AFVupIl</latexit><latexit sha1_base64="N4Wo01Vuqx1KvFzH7TgjsUQH4Gc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LDaCp5L0osdiLx4r2A9oYthsp+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZ0q77bZW2tnd298r7lYPDo+MT+/Sso5JMUmjThCeyFxEFnAloa6Y59FIJJI44dKNJc+F3pyAVS8SjnqUQxGQk2JBRoo0U2rbjiywEp9l0/JQ9uU5oV92auwTeJF5BqqhAK7S//EFCsxiEppwo1ffcVAc5kZpRDvOKnylICZ2QEfQNFSQGFeTLy+f4yigDPEykKaHxUv09kZNYqVkcmc6Y6LFa9xbif14/08PbIGcizTQIulo0zDjWCV7EgAdMAtV8ZgihkplbMR0TSag2YVVMCN76y5ukU695bs17qFcbd0UcZXSBLtE18tANaqB71EJtRNEUPaNX9Gbl1ov1bn2sWktWMXOO/sD6/AFVupIl</latexit><latexit sha1_base64="N4Wo01Vuqx1KvFzH7TgjsUQH4Gc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LDaCp5L0osdiLx4r2A9oYthsp+3SzSbsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5UcqZ0q77bZW2tnd298r7lYPDo+MT+/Sso5JMUmjThCeyFxEFnAloa6Y59FIJJI44dKNJc+F3pyAVS8SjnqUQxGQk2JBRoo0U2rbjiywEp9l0/JQ9uU5oV92auwTeJF5BqqhAK7S//EFCsxiEppwo1ffcVAc5kZpRDvOKnylICZ2QEfQNFSQGFeTLy+f4yigDPEykKaHxUv09kZNYqVkcmc6Y6LFa9xbif14/08PbIGcizTQIulo0zDjWCV7EgAdMAtV8ZgihkplbMR0TSag2YVVMCN76y5ukU695bs17qFcbd0UcZXSBLtE18tANaqB71EJtRNEUPaNX9Gbl1ov1bn2sWktWMXOO/sD6/AFVupIl</latexit>
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misID Rate

� as e± 0.05

� as e+e�
0.1 (w/ vertex)

1 (no vertex/overlapping)

⇡±
as µ±

0.1

<latexit sha1_base64="lQMA6qm0pGbOLHrMF5C1S1lQL7Y="></latexit><latexit sha1_base64="lQMA6qm0pGbOLHrMF5C1S1lQL7Y="></latexit><latexit sha1_base64="lQMA6qm0pGbOLHrMF5C1S1lQL7Y="></latexit><latexit sha1_base64="lQMA6qm0pGbOLHrMF5C1S1lQL7Y="></latexit>

Constant misID rates



M. Hostert

Backgrounds

Apply simple 1D kinematical cuts based on the signal distributions. 

19

Channel NmisID

B

/N
CC

Nhad

B

/N
CC

Nkin

B

/N
CC

✏coh
sig

✏dif
sig

e±µ⌥ 1.67 (1.62)⇥ 10�4 2.68 (4.31)⇥ 10�5 4.40 (3.17)⇥ 10�7 0.61 (0.61) 0.39 (0.39)
e+e� 2.83 (4.19)⇥ 10�4 1.30 (2.41)⇥ 10�4 6.54 (14.1)⇥ 10�6 0.48 (0.47) 0.21 (0.21)
µ+µ� 2.66 (2.73)⇥ 10�3 10.4 (9.75)⇥ 10�4 3.36 (3.10)⇥ 10�8 0.66 (0.67) 0.17 (0.16)

<latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit>



M. Hostert

Backgrounds

Apply simple 1D kinematical cuts based on the signal distributions. 
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Channel NmisID

B

/N
CC

Nhad

B

/N
CC

Nkin

B

/N
CC

✏coh
sig

✏dif
sig

e±µ⌥ 1.67 (1.62)⇥ 10�4 2.68 (4.31)⇥ 10�5 4.40 (3.17)⇥ 10�7 0.61 (0.61) 0.39 (0.39)
e+e� 2.83 (4.19)⇥ 10�4 1.30 (2.41)⇥ 10�4 6.54 (14.1)⇥ 10�6 0.48 (0.47) 0.21 (0.21)
µ+µ� 2.66 (2.73)⇥ 10�3 10.4 (9.75)⇥ 10�4 3.36 (3.10)⇥ 10�8 0.66 (0.67) 0.17 (0.16)

<latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit><latexit sha1_base64="SkpZHGaJHNs+vFmzgCK4O/3jDRg="></latexit>

Caveats!  

Detector effects? Efficiencies at lower energies? 

De-excitation gammas? Internal bremsstrahlung? 
Dalitz decays? 

6 orders of magnitude is a lot.
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Despite LAr being a promising technology for measuring tridents, 
 it is not the only one!

21

Could we measure it now?!

Other near detectors



M. Hostert

Other near detectors

Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.

22

Channel T2K-I T2K-II MINOS MINOS+ NO⌫A-I NO⌫A-II MINER⌫A

Total e

±µ⌥
563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)

96 246 46 (11) 151 25 (22) 102 (114) 56 (39)

Total e+e� 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)

24 62 9 (2) 8 4 (4) 16 (21) 10 (7)

Total µ+µ�
30 76 26 (6) 86 9 (9) 37 (47) 18 (13)

21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

<latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit>

INGRID MINOS/+ NOvA MINERvA
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Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.
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Channel T2K-I T2K-II MINOS MINOS+ NO⌫A-I NO⌫A-II MINER⌫A

Total e

±µ⌥
563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)

96 246 46 (11) 151 25 (22) 102 (114) 56 (39)

Total e+e� 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)

24 62 9 (2) 8 4 (4) 16 (21) 10 (7)

Total µ+µ�
30 76 26 (6) 86 9 (9) 37 (47) 18 (13)

21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

<latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit>

INGRID MINOS/+ NOvA MINERvA

Other near detectors
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Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.
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Channel T2K-I T2K-II MINOS MINOS+ NO⌫A-I NO⌫A-II MINER⌫A

Total e

±µ⌥
563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)

96 246 46 (11) 151 25 (22) 102 (114) 56 (39)

Total e+e� 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)

24 62 9 (2) 8 4 (4) 16 (21) 10 (7)

Total µ+µ�
30 76 26 (6) 86 9 (9) 37 (47) 18 (13)

21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

<latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit>

INGRID MINOS/+ NOvA MINERvA

Other near detectors
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Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.
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Channel T2K-I T2K-II MINOS MINOS+ NO⌫A-I NO⌫A-II MINER⌫A

Total e

±µ⌥
563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)

96 246 46 (11) 151 25 (22) 102 (114) 56 (39)

Total e+e� 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)

24 62 9 (2) 8 4 (4) 16 (21) 10 (7)

Total µ+µ�
30 76 26 (6) 86 9 (9) 37 (47) 18 (13)

21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

<latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit>

INGRID MINOS/+ NOvA MINERvA

Other near detectors
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Coherent (upper) and diffractive (lower) trident events for (anti)neutrino mode.
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Channel T2K-I T2K-II MINOS MINOS+ NO⌫A-I NO⌫A-II MINER⌫A

Total e

±µ⌥
563 1444 222 (56) 730 83 (72) 340 (374) 149 (102)

96 246 46 (11) 151 25 (22) 102 (114) 56 (39)

Total e+e� 277 711 61 (15) 62 29 (22) 119 (114) 39 (27)

24 62 9 (2) 8 4 (4) 16 (21) 10 (7)

Total µ+µ�
30 76 26 (6) 86 9 (9) 37 (47) 18 (13)

21 54 15 (3) 49 8 (8) 34 (36) 18 (13)

<latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit><latexit sha1_base64="gnMM7NA051AEMYqe44Bo14okOPM="></latexit>

INGRID MINOS/+ NOvA MINERvA

Could these experiments be in the game? 

Detector performance study needed. 

Other near detectors
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Conclusions

27

Neutrino trident production is an attainable goal of future LAr DUNE ND. 

Very first measurement of electron channels possible. 

Trident events might hide in our current data. Can our current detectors see them?                
. 

What else can trident and other rare processes teach us?



THANK YOU
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APPENDIX



M. Hostert

CCFR Measurement

Nsig = 37± 12.4
<latexit sha1_base64="fjLYchP8dn3p5qLXAJP1Aad7jW8=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CkkV6kYounElFewDmhAm00k7dCYJMxOhhCzc+CtuXCji1o9w5984bbPQ1gMXDufcy733BAmjUtn2t7Gyura+sVnaKm/v7O7tmweHHRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG4+up330gQtI4uleThHgcDSMaUoyUlnyzUrv1M1fwTNJhnsNLeNZwEw6dunVe882qbdkzwGXiFKQKCrR888sdxDjlJFKYISn7jp0oL0NCUcxIXnZTSRKEx2hI+ppGiBPpZbMncniilQEMY6ErUnCm/p7IEJdywgPdyZEayUVvKv7n9VMVXngZjZJUkQjPF4UpgyqG00TggAqCFZtogrCg+laIR0ggrHRuZR2Cs/jyMunULce2nLt6tXlVxFECFXAMToEDGqAJbkALtAEGj+AZvII348l4Md6Nj3nrilHMHIE/MD5/AKPOlh8=</latexit><latexit sha1_base64="fjLYchP8dn3p5qLXAJP1Aad7jW8=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CkkV6kYounElFewDmhAm00k7dCYJMxOhhCzc+CtuXCji1o9w5984bbPQ1gMXDufcy733BAmjUtn2t7Gyura+sVnaKm/v7O7tmweHHRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG4+up330gQtI4uleThHgcDSMaUoyUlnyzUrv1M1fwTNJhnsNLeNZwEw6dunVe882qbdkzwGXiFKQKCrR888sdxDjlJFKYISn7jp0oL0NCUcxIXnZTSRKEx2hI+ppGiBPpZbMncniilQEMY6ErUnCm/p7IEJdywgPdyZEayUVvKv7n9VMVXngZjZJUkQjPF4UpgyqG00TggAqCFZtogrCg+laIR0ggrHRuZR2Cs/jyMunULce2nLt6tXlVxFECFXAMToEDGqAJbkALtAEGj+AZvII348l4Md6Nj3nrilHMHIE/MD5/AKPOlh8=</latexit><latexit sha1_base64="fjLYchP8dn3p5qLXAJP1Aad7jW8=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CkkV6kYounElFewDmhAm00k7dCYJMxOhhCzc+CtuXCji1o9w5984bbPQ1gMXDufcy733BAmjUtn2t7Gyura+sVnaKm/v7O7tmweHHRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG4+up330gQtI4uleThHgcDSMaUoyUlnyzUrv1M1fwTNJhnsNLeNZwEw6dunVe882qbdkzwGXiFKQKCrR888sdxDjlJFKYISn7jp0oL0NCUcxIXnZTSRKEx2hI+ppGiBPpZbMncniilQEMY6ErUnCm/p7IEJdywgPdyZEayUVvKv7n9VMVXngZjZJUkQjPF4UpgyqG00TggAqCFZtogrCg+laIR0ggrHRuZR2Cs/jyMunULce2nLt6tXlVxFECFXAMToEDGqAJbkALtAEGj+AZvII348l4Md6Nj3nrilHMHIE/MD5/AKPOlh8=</latexit><latexit sha1_base64="fjLYchP8dn3p5qLXAJP1Aad7jW8=">AAACBHicbVDLSsNAFJ34rPUVddnNYCu4CkkV6kYounElFewDmhAm00k7dCYJMxOhhCzc+CtuXCji1o9w5984bbPQ1gMXDufcy733BAmjUtn2t7Gyura+sVnaKm/v7O7tmweHHRmnApM2jlksegGShNGItBVVjPQSQRAPGOkG4+up330gQtI4uleThHgcDSMaUoyUlnyzUrv1M1fwTNJhnsNLeNZwEw6dunVe882qbdkzwGXiFKQKCrR888sdxDjlJFKYISn7jp0oL0NCUcxIXnZTSRKEx2hI+ppGiBPpZbMncniilQEMY6ErUnCm/p7IEJdywgPdyZEayUVvKv7n9VMVXngZjZJUkQjPF4UpgyqG00TggAqCFZtogrCg+laIR0ggrHRuZR2Cs/jyMunULce2nLt6tXlVxFECFXAMToEDGqAJbkALtAEGj+AZvII348l4Md6Nj3nrilHMHIE/MD5/AKPOlh8=</latexit>

�CCFR
�SM

= 0.82± 0.28
<latexit sha1_base64="cxFRUMs/4Nx0kSC3ZxvZsbcq+u0="></latexit><latexit sha1_base64="cxFRUMs/4Nx0kSC3ZxvZsbcq+u0="></latexit><latexit sha1_base64="cxFRUMs/4Nx0kSC3ZxvZsbcq+u0="></latexit><latexit sha1_base64="cxFRUMs/4Nx0kSC3ZxvZsbcq+u0="></latexit>

hE⌫i = 160 GeV
<latexit sha1_base64="MMU+0+wSfnbdNxYnlsBAqFBJ/G4=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o4lgFXZTqI0QFNEygnlAdgmzk7vJkNnZZWZWCCG1jb9iY6GIrV9g5984SbbQxAMXzpxzL3PvCRLOlHacbyu3tLyyupZfL2xsbm3v2Lt7DRWnkkKdxjyWrYAo4ExAXTPNoZVIIFHAoRkMriZ+8wGkYrG418ME/Ij0BAsZJdpIHfuw5HEiehzwdccTKfbk7HWB3VOnhG+g0bGLTtmZAi8SNyNFlKHWsb+8bkzTCISmnCjVdp1E+yMiNaMcxgUvVZAQOiA9aBsqSATKH01PGeNjo3RxGEtTQuOp+ntiRCKlhlFgOiOi+2rem4j/ee1Uh+f+iIkk1SDo7KMw5VjHeJIL7jIJVPOhIYRKZnbFtE8kodqkVzAhuPMnL5JGpew6ZfeuUqxeZnHk0QE6QifIRWeoim5RDdURRY/oGb2iN+vJerHerY9Za87KZvbRH1ifP4yimDg=</latexit><latexit sha1_base64="MMU+0+wSfnbdNxYnlsBAqFBJ/G4=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o4lgFXZTqI0QFNEygnlAdgmzk7vJkNnZZWZWCCG1jb9iY6GIrV9g5984SbbQxAMXzpxzL3PvCRLOlHacbyu3tLyyupZfL2xsbm3v2Lt7DRWnkkKdxjyWrYAo4ExAXTPNoZVIIFHAoRkMriZ+8wGkYrG418ME/Ij0BAsZJdpIHfuw5HEiehzwdccTKfbk7HWB3VOnhG+g0bGLTtmZAi8SNyNFlKHWsb+8bkzTCISmnCjVdp1E+yMiNaMcxgUvVZAQOiA9aBsqSATKH01PGeNjo3RxGEtTQuOp+ntiRCKlhlFgOiOi+2rem4j/ee1Uh+f+iIkk1SDo7KMw5VjHeJIL7jIJVPOhIYRKZnbFtE8kodqkVzAhuPMnL5JGpew6ZfeuUqxeZnHk0QE6QifIRWeoim5RDdURRY/oGb2iN+vJerHerY9Za87KZvbRH1ifP4yimDg=</latexit><latexit sha1_base64="MMU+0+wSfnbdNxYnlsBAqFBJ/G4=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o4lgFXZTqI0QFNEygnlAdgmzk7vJkNnZZWZWCCG1jb9iY6GIrV9g5984SbbQxAMXzpxzL3PvCRLOlHacbyu3tLyyupZfL2xsbm3v2Lt7DRWnkkKdxjyWrYAo4ExAXTPNoZVIIFHAoRkMriZ+8wGkYrG418ME/Ij0BAsZJdpIHfuw5HEiehzwdccTKfbk7HWB3VOnhG+g0bGLTtmZAi8SNyNFlKHWsb+8bkzTCISmnCjVdp1E+yMiNaMcxgUvVZAQOiA9aBsqSATKH01PGeNjo3RxGEtTQuOp+ntiRCKlhlFgOiOi+2rem4j/ee1Uh+f+iIkk1SDo7KMw5VjHeJIL7jIJVPOhIYRKZnbFtE8kodqkVzAhuPMnL5JGpew6ZfeuUqxeZnHk0QE6QifIRWeoim5RDdURRY/oGb2iN+vJerHerY9Za87KZvbRH1ifP4yimDg=</latexit><latexit sha1_base64="MMU+0+wSfnbdNxYnlsBAqFBJ/G4=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o4lgFXZTqI0QFNEygnlAdgmzk7vJkNnZZWZWCCG1jb9iY6GIrV9g5984SbbQxAMXzpxzL3PvCRLOlHacbyu3tLyyupZfL2xsbm3v2Lt7DRWnkkKdxjyWrYAo4ExAXTPNoZVIIFHAoRkMriZ+8wGkYrG418ME/Ij0BAsZJdpIHfuw5HEiehzwdccTKfbk7HWB3VOnhG+g0bGLTtmZAi8SNyNFlKHWsb+8bkzTCISmnCjVdp1E+yMiNaMcxgUvVZAQOiA9aBsqSATKH01PGeNjo3RxGEtTQuOp+ntiRCKlhlFgOiOi+2rem4j/ee1Uh+f+iIkk1SDo7KMw5VjHeJIL7jIJVPOhIYRKZnbFtE8kodqkVzAhuPMnL5JGpew6ZfeuUqxeZnHk0QE6QifIRWeoim5RDdURRY/oGb2iN+vJerHerY9Za87KZvbRH1ifP4yimDg=</latexit>

CCFR (1991)
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M. Hostert

50 t LAr, assuming  

in nu and nubar mode.
(2 + 2⇥ 3)⇥ 1.83e21 P.O.T.

<latexit sha1_base64="Ely1kyQviXfz2uqQcLBHUP9gH+Q=">AAACE3icbZC7TsMwFIadcivlFmBksWiRCkhRkg50rGBho0i9SU1UOa7bWrWTyHaQqqjvwMKrsDCAECsLG2+D22aAll+y9Ok/5+j4/EHMqFS2/W3k1tY3Nrfy24Wd3b39A/PwqCWjRGDSxBGLRCdAkjAakqaiipFOLAjiASPtYHwzq7cfiJA0ChtqEhOfo2FIBxQjpa2eeVEqu5eupygnsnIOFwAdq1pJPcEhmbpOCdatO6th9cyibdlzwVVwMiiCTPWe+eX1I5xwEirMkJRdx46VnyKhKGZkWvASSWKEx2hIuhpDpFf76fymKTzTTh8OIqFfqODc/T2RIi7lhAe6kyM1ksu1mflfrZuoQdVPaRgnioR4sWiQMKgiOAsI9qkgWLGJBoQF1X+FeIQEwkrHWNAhOMsnr0LLtRzbcu7dYu06iyMPTsApKAMHXIEauAV10AQYPIJn8ArejCfjxXg3PhatOSObOQZ/ZHz+AO5HmmY=</latexit><latexit sha1_base64="Ely1kyQviXfz2uqQcLBHUP9gH+Q=">AAACE3icbZC7TsMwFIadcivlFmBksWiRCkhRkg50rGBho0i9SU1UOa7bWrWTyHaQqqjvwMKrsDCAECsLG2+D22aAll+y9Ok/5+j4/EHMqFS2/W3k1tY3Nrfy24Wd3b39A/PwqCWjRGDSxBGLRCdAkjAakqaiipFOLAjiASPtYHwzq7cfiJA0ChtqEhOfo2FIBxQjpa2eeVEqu5eupygnsnIOFwAdq1pJPcEhmbpOCdatO6th9cyibdlzwVVwMiiCTPWe+eX1I5xwEirMkJRdx46VnyKhKGZkWvASSWKEx2hIuhpDpFf76fymKTzTTh8OIqFfqODc/T2RIi7lhAe6kyM1ksu1mflfrZuoQdVPaRgnioR4sWiQMKgiOAsI9qkgWLGJBoQF1X+FeIQEwkrHWNAhOMsnr0LLtRzbcu7dYu06iyMPTsApKAMHXIEauAV10AQYPIJn8ArejCfjxXg3PhatOSObOQZ/ZHz+AO5HmmY=</latexit><latexit sha1_base64="Ely1kyQviXfz2uqQcLBHUP9gH+Q=">AAACE3icbZC7TsMwFIadcivlFmBksWiRCkhRkg50rGBho0i9SU1UOa7bWrWTyHaQqqjvwMKrsDCAECsLG2+D22aAll+y9Ok/5+j4/EHMqFS2/W3k1tY3Nrfy24Wd3b39A/PwqCWjRGDSxBGLRCdAkjAakqaiipFOLAjiASPtYHwzq7cfiJA0ChtqEhOfo2FIBxQjpa2eeVEqu5eupygnsnIOFwAdq1pJPcEhmbpOCdatO6th9cyibdlzwVVwMiiCTPWe+eX1I5xwEirMkJRdx46VnyKhKGZkWvASSWKEx2hIuhpDpFf76fymKTzTTh8OIqFfqODc/T2RIi7lhAe6kyM1ksu1mflfrZuoQdVPaRgnioR4sWiQMKgiOAsI9qkgWLGJBoQF1X+FeIQEwkrHWNAhOMsnr0LLtRzbcu7dYu06iyMPTsApKAMHXIEauAV10AQYPIJn8ArejCfjxXg3PhatOSObOQZ/ZHz+AO5HmmY=</latexit><latexit sha1_base64="Ely1kyQviXfz2uqQcLBHUP9gH+Q=">AAACE3icbZC7TsMwFIadcivlFmBksWiRCkhRkg50rGBho0i9SU1UOa7bWrWTyHaQqqjvwMKrsDCAECsLG2+D22aAll+y9Ok/5+j4/EHMqFS2/W3k1tY3Nrfy24Wd3b39A/PwqCWjRGDSxBGLRCdAkjAakqaiipFOLAjiASPtYHwzq7cfiJA0ChtqEhOfo2FIBxQjpa2eeVEqu5eupygnsnIOFwAdq1pJPcEhmbpOCdatO6th9cyibdlzwVVwMiiCTPWe+eX1I5xwEirMkJRdx46VnyKhKGZkWvASSWKEx2hIuhpDpFf76fymKTzTTh8OIqFfqODc/T2RIi7lhAe6kyM1ksu1mflfrZuoQdVPaRgnioR4sWiQMKgiOAsI9qkgWLGJBoQF1X+FeIQEwkrHWNAhOMsnr0LLtRzbcu7dYu06iyMPTsApKAMHXIEauAV10AQYPIJn8ArejCfjxXg3PhatOSObOQZ/ZHz+AO5HmmY=</latexit>
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SBND      110 m, 112 t 
  BooNE   470 m, 89 t 
ICARUS   600 m, 476 t
µ

<latexit sha1_base64="0MbgCrzG/Ozml2h9UVY/fqOx/ns=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5itLmuNawW3YBvE2cFWmgFbrjulUeBTFNIyaBCqL10LET8HKigFPB5tVRqllC6IxM2NBQSSKmvby4do6vjBLgMFbmScCF+rcjJ5HWWeSbyojAVG96C/E/b5hCeOvlXCYpMEmXi8JUYIjx4us44IpREJkhhCpubsV0ShShYAJa25JMM82pNiNwd0mxrwgmMsAzBljGUMRXNck5mzltk1675dgt57Hd6NytMqygC3SJrpGDblAHPaAuchFFHL2gV/RmvVsf1qf1tSwtWauec7QG6+cXL16hyQ==</latexit><latexit sha1_base64="0MbgCrzG/Ozml2h9UVY/fqOx/ns=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5itLmuNawW3YBvE2cFWmgFbrjulUeBTFNIyaBCqL10LET8HKigFPB5tVRqllC6IxM2NBQSSKmvby4do6vjBLgMFbmScCF+rcjJ5HWWeSbyojAVG96C/E/b5hCeOvlXCYpMEmXi8JUYIjx4us44IpREJkhhCpubsV0ShShYAJa25JMM82pNiNwd0mxrwgmMsAzBljGUMRXNck5mzltk1675dgt57Hd6NytMqygC3SJrpGDblAHPaAuchFFHL2gV/RmvVsf1qf1tSwtWauec7QG6+cXL16hyQ==</latexit><latexit sha1_base64="0MbgCrzG/Ozml2h9UVY/fqOx/ns=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5itLmuNawW3YBvE2cFWmgFbrjulUeBTFNIyaBCqL10LET8HKigFPB5tVRqllC6IxM2NBQSSKmvby4do6vjBLgMFbmScCF+rcjJ5HWWeSbyojAVG96C/E/b5hCeOvlXCYpMEmXi8JUYIjx4us44IpREJkhhCpubsV0ShShYAJa25JMM82pNiNwd0mxrwgmMsAzBljGUMRXNck5mzltk1675dgt57Hd6NytMqygC3SJrpGDblAHPaAuchFFHL2gV/RmvVsf1qf1tSwtWauec7QG6+cXL16hyQ==</latexit><latexit sha1_base64="0MbgCrzG/Ozml2h9UVY/fqOx/ns=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5itLmuNawW3YBvE2cFWmgFbrjulUeBTFNIyaBCqL10LET8HKigFPB5tVRqllC6IxM2NBQSSKmvby4do6vjBLgMFbmScCF+rcjJ5HWWeSbyojAVG96C/E/b5hCeOvlXCYpMEmXi8JUYIjx4us44IpREJkhhCpubsV0ShShYAJa25JMM82pNiNwd0mxrwgmMsAzBljGUMRXNck5mzltk1675dgt57Hd6NytMqygC3SJrpGDblAHPaAuchFFHL2gV/RmvVsf1qf1tSwtWauec7QG6+cXL16hyQ==</latexit>

6.6⇥ 1020 P.O.T.
<latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit>

6.6⇥ 1020 P.O.T.
<latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit><latexit sha1_base64="H97UcJUekto9PTHWgKRCXTj/Jqw=">AAACBHicbVC7TgJBFJ31ifhataSZCCZWm1kKtCTa2IkJrwRWMjsMMGH2kZm7JmRDYeOv2FhojK0fYeffOMAWCp7kJifn3Jt77/FjKTQQ8m2trW9sbm3ndvK7e/sHh/bRcVNHiWK8wSIZqbZPNZci5A0QIHk7VpwGvuQtf3w981sPXGkRhXWYxNwL6DAUA8EoGKlnF0oVp4K7IAKusUvu0zKZlnDNuXXqTs8uEofMgVeJm5EiylDr2V/dfsSSgIfAJNW645IYvJQqEEzyab6baB5TNqZD3jE0pGapl86fmOIzo/TxIFKmQsBz9fdESgOtJ4FvOgMKI73szcT/vE4Cg0svFWGcAA/ZYtEgkRgiPEsE94XiDOTEEMqUMLdiNqKKMjC55U0I7vLLq6RZdlziuHflYvUqiyOHCugUnSMXXaAqukE11EAMPaJn9IrerCfrxXq3Phata1Y2c4L+wPr8Aep3lQ0=</latexit>

13.2⇥ 1020 P.O.T.
<latexit sha1_base64="6BSGxJZfrqMhGd0mB1kn5m/CaGc=">AAACBXicbVC7TsMwFHXKq5RXgBEGixaJKXLCAGMFCxtF6ktqQ+W4TmvVcSLbQaqiLiz8CgsDCLHyD2z8DW6bAVqOdKWjc+7VvfcECWdKI/RtFVZW19Y3ipulre2d3T17/6Cp4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB0PfVbD1QqFou6HifUj/BAsJARrI3Us48r7rnjwa5mEVXQRfeZhyYVWHNunbrTs8vIQTPAZeLmpAxy1Hr2V7cfkzSiQhOOleq4KNF+hqVmhNNJqZsqmmAywgPaMVRgs9TPZl9M4KlR+jCMpSmh4Uz9PZHhSKlxFJjOCOuhWvSm4n9eJ9XhpZ8xkaSaCjJfFKYc6hhOI4F9JinRfGwIJpKZWyEZYomJNsGVTAju4svLpOk5LnLcO69cvcrjKIIjcALOgAsuQBXcgBpoAAIewTN4BW/Wk/VivVsf89aClc8cgj+wPn8AU9yVQQ==</latexit><latexit sha1_base64="6BSGxJZfrqMhGd0mB1kn5m/CaGc=">AAACBXicbVC7TsMwFHXKq5RXgBEGixaJKXLCAGMFCxtF6ktqQ+W4TmvVcSLbQaqiLiz8CgsDCLHyD2z8DW6bAVqOdKWjc+7VvfcECWdKI/RtFVZW19Y3ipulre2d3T17/6Cp4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB0PfVbD1QqFou6HifUj/BAsJARrI3Us48r7rnjwa5mEVXQRfeZhyYVWHNunbrTs8vIQTPAZeLmpAxy1Hr2V7cfkzSiQhOOleq4KNF+hqVmhNNJqZsqmmAywgPaMVRgs9TPZl9M4KlR+jCMpSmh4Uz9PZHhSKlxFJjOCOuhWvSm4n9eJ9XhpZ8xkaSaCjJfFKYc6hhOI4F9JinRfGwIJpKZWyEZYomJNsGVTAju4svLpOk5LnLcO69cvcrjKIIjcALOgAsuQBXcgBpoAAIewTN4BW/Wk/VivVsf89aClc8cgj+wPn8AU9yVQQ==</latexit><latexit sha1_base64="6BSGxJZfrqMhGd0mB1kn5m/CaGc=">AAACBXicbVC7TsMwFHXKq5RXgBEGixaJKXLCAGMFCxtF6ktqQ+W4TmvVcSLbQaqiLiz8CgsDCLHyD2z8DW6bAVqOdKWjc+7VvfcECWdKI/RtFVZW19Y3ipulre2d3T17/6Cp4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB0PfVbD1QqFou6HifUj/BAsJARrI3Us48r7rnjwa5mEVXQRfeZhyYVWHNunbrTs8vIQTPAZeLmpAxy1Hr2V7cfkzSiQhOOleq4KNF+hqVmhNNJqZsqmmAywgPaMVRgs9TPZl9M4KlR+jCMpSmh4Uz9PZHhSKlxFJjOCOuhWvSm4n9eJ9XhpZ8xkaSaCjJfFKYc6hhOI4F9JinRfGwIJpKZWyEZYomJNsGVTAju4svLpOk5LnLcO69cvcrjKIIjcALOgAsuQBXcgBpoAAIewTN4BW/Wk/VivVsf89aClc8cgj+wPn8AU9yVQQ==</latexit><latexit sha1_base64="6BSGxJZfrqMhGd0mB1kn5m/CaGc=">AAACBXicbVC7TsMwFHXKq5RXgBEGixaJKXLCAGMFCxtF6ktqQ+W4TmvVcSLbQaqiLiz8CgsDCLHyD2z8DW6bAVqOdKWjc+7VvfcECWdKI/RtFVZW19Y3ipulre2d3T17/6Cp4lQS2iAxj2U7wIpyJmhDM81pO5EURwGnrWB0PfVbD1QqFou6HifUj/BAsJARrI3Us48r7rnjwa5mEVXQRfeZhyYVWHNunbrTs8vIQTPAZeLmpAxy1Hr2V7cfkzSiQhOOleq4KNF+hqVmhNNJqZsqmmAywgPaMVRgs9TPZl9M4KlR+jCMpSmh4Uz9PZHhSKlxFJjOCOuhWvSm4n9eJ9XhpZ8xkaSaCjJfFKYc6hhOI4F9JinRfGwIJpKZWyEZYomJNsGVTAju4svLpOk5LnLcO69cvcrjKIIjcALOgAsuQBXcgBpoAAIewTN4BW/Wk/VivVsf89aClc8cgj+wPn8AU9yVQQ==</latexit>

Parameters assumed for LAr rates
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Parameters assumed for current rates

INGRID MINOS/+ NOvA MINERvA

Experiment Material Baseline (m) Exposure (POT) Fiducial Mass (t) E⌫ (GeV)
INGRID Fe 280 3.9⇥ 1021 [1022] T2K-I [T2K-II] 99.4 0� 4
MINOS[+] Fe and C 1040 10.56(3.36)[9.69]⇥ 1020 28.6 0� 20
NO⌫A C2H3Cl and CH2 1000 8.85(6.9) [36(36)]⇥ 1020 [NO⌫A-II] 231 0� 20

MINER⌫A CH,H2O,Fe,Pb,C 1035 12(12)⇥ 1020 7.98 0� 20
<latexit sha1_base64="NHjWkp4c0I0HsbWiFrTY2M2Ents="></latexit><latexit sha1_base64="NHjWkp4c0I0HsbWiFrTY2M2Ents="></latexit><latexit sha1_base64="NHjWkp4c0I0HsbWiFrTY2M2Ents="></latexit><latexit sha1_base64="NHjWkp4c0I0HsbWiFrTY2M2Ents="></latexit>

POT in antineutrino mode in parentheses.
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The cross section
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The cross section

T and L photon flux function (target and regime dependent)

Universal leptonic T and L cross sections.

where                   . Would like to do more to understand the EPA.                                ŝ = 2 (p1 · q)
<latexit sha1_base64="qACLHiYx8BJzfb5JNhOSg/NKIt4="></latexit><latexit sha1_base64="qACLHiYx8BJzfb5JNhOSg/NKIt4="></latexit><latexit sha1_base64="qACLHiYx8BJzfb5JNhOSg/NKIt4="></latexit><latexit sha1_base64="qACLHiYx8BJzfb5JNhOSg/NKIt4="></latexit>

34

d2�⌫X
dQ2dŝ = 1

32⇡2(s�M2
H)2

Hµ⌫
X Lµ⌫

Q4
<latexit sha1_base64="F+ILj+tkOeqnp3l65xwUcEOXCnU="></latexit><latexit sha1_base64="F+ILj+tkOeqnp3l65xwUcEOXCnU="></latexit><latexit sha1_base64="F+ILj+tkOeqnp3l65xwUcEOXCnU="></latexit><latexit sha1_base64="F+ILj+tkOeqnp3l65xwUcEOXCnU="></latexit>

d2�⌫X

dQ2dŝ
=

1

32⇡2

1

ŝ Q2

⇥
hT
X(Q

2, ŝ)�T
⌫�(Q

2, ŝ) + hL
X(Q

2, ŝ)�L
⌫�(Q

2, ŝ)
⇤

<latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit>

�

⌫↵

⌫↵ (or �)
<latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit><latexit sha1_base64="2lgAIMZwKvIs5LOK9Dxr0OSCZRE=">AAACD3icbVA9SwNBEN2LXzF+nVraLCZKhBDu0mgZtLGMYD4gF8LcZpMs2ds7dveEcOQf2PhXbCwUsbW189+4l1yhiQ8GHu/NMDPPjzhT2nG+rdza+sbmVn67sLO7t39gHx61VBhLQpsk5KHs+KAoZ4I2NdOcdiJJIfA5bfuTm9RvP1CpWCju9TSivQBGgg0ZAW2kvn1e8kTcTzzg0RiwVyl7AeixDJJQzrwK9nyq4WJW6ttFp+rMgVeJm5EiytDo21/eICRxQIUmHJTquk6kewlIzQins4IXKxoBmcCIdg0VEFDVS+b/zPCZUQZ4GEpTQuO5+nsigUCpaeCbzvRateyl4n9eN9bDq17CRBRrKshi0TDmWIc4DQcPmKRE86khQCQzt2IyBglEmwgLJgR3+eVV0qpVXafq3tWK9essjjw6QaeojFx0ieroFjVQExH0iJ7RK3qznqwX6936WLTmrGzmGP2B9fkDnbSbvA==</latexit>

`��
<latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit><latexit sha1_base64="E8TRlgjOlxwhXfNNknfhTeGt7Ug=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LLaCF0vSix6LXjxWsB/QxLDZTtqlm03Y3RRK6D/x4kERr/4Tb/4bt20O2vpg4PHeDDPzwpQzpR3n2yptbG5t75R3K3v7B4dH9vFJRyWZpNCmCU9kLyQKOBPQ1kxz6KUSSBxy6Ibju7nfnYBULBGPepqCH5OhYBGjRBspsO2aB5wHuReCJrOnq1pgV526swBeJ25BqqhAK7C/vEFCsxiEppwo1XedVPs5kZpRDrOKlylICR2TIfQNFSQG5eeLy2f4wigDHCXSlNB4of6eyEms1DQOTWdM9EitenPxP6+f6ejGz5lIMw2CLhdFGcc6wfMY8IBJoJpPDSFUMnMrpiMiCdUmrIoJwV19eZ10GnXXqbsPjWrztoijjM7QObpELrpGTXSPWqiNKJqgZ/SK3qzcerHerY9la8kqZk7RH1ifP63ikwQ=</latexit>

`+�
<latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit><latexit sha1_base64="f72xqNs3cPGvaoG+pM0YFoZ3iRU=">AAAB+nicbVDLSsNAFJ3UV62vVJduBltBEErSjS6LblxWsA9oYphMbtqhkwczE6XEfoobF4q49Uvc+TdO2yy09cCFwzn3cu89fsqZVJb1bZTW1jc2t8rblZ3dvf0Ds3rYlUkmKHRowhPR94kEzmLoKKY49FMBJPI59Pzx9czvPYCQLInv1CQFNyLDmIWMEqUlz6zWHeDcy50AuCLT+/O6Z9ashjUHXiV2QWqoQNszv5wgoVkEsaKcSDmwrVS5ORGKUQ7TipNJSAkdkyEMNI1JBNLN56dP8alWAhwmQles8Fz9PZGTSMpJ5OvOiKiRXPZm4n/eIFPhpZuzOM0UxHSxKMw4Vgme5YADJoAqPtGEUMH0rZiOiCBU6bQqOgR7+eVV0m02bKth3zZrrasijjI6RifoDNnoArXQDWqjDqLoET2jV/RmPBkvxrvxsWgtGcXMEfoD4/MHfRKTeg==</latexit>

q
<latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit><latexit sha1_base64="Dd+M2PobGCiO3YrqHkxOoOldhNQ=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXRLduMQojwQaMp1OYcJ0WmduTRrCJ7jVtV/jzrjlbxxKFwKeZJKTc+5rjhcLrsG2F1ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9H7p916Z0jySz5DGzA3JWPKAUwJGeqq/1EeVmt2wM+Bt4uSkhnK0R1WrOPQjmoRMAhVE64Fjx+DOiAJOBZuXh4lmMaFTMmYDQyUJmXZn2a1zfGUUHweRMk8CztS/HTMSap2GnqkMCUz0prcU//MGCQS37ozLOAEm6WpRkAgMEV5+HPtcMQoiNYRQxc2tmE6IIhRMPGtb4kmqOdVmBG6vKPYUwUT6eMoAywiy8MomOWczp23SbTYcu+E8NmutuzzDErpAl+gaOegGtdADaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcFa/AKBpaDo</latexit>
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Process can happen in a coherent, diffractive or DIS 
limit. Usual separation:
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EPA assumptions 
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⌫�(q
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EPA assumptions 
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EPA breakdown
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Coherent vs Diffractive
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Coherent cross sections
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Work in progress
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Possible explanation of the muon (g-2) anomaly.

gauge

[Altmannshofer et al, 1406.2332]

Consider first a new gauge boson gauged under the anomaly free group

Recent interest due to hints of flavour non-universality  
in                    decays.b ! s `+ `�
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<latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit>

Lint � g0Z 0
↵

�
Lµ�

↵Lµ � L⌧�
↵L⌧ + µR�

↵µR � ⌧R�
↵⌧R

�
, (1)

<latexit sha1_base64="yv6+LJtxqp3WS9xSf/XijHXfGLs="></latexit><latexit sha1_base64="yv6+LJtxqp3WS9xSf/XijHXfGLs="></latexit>

Lµ � L⌧
<latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit>

See [Altmannshofer et al, 1403.1269] for an 
extension for flavour anomalies.
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Trident enhanced by light mediator mass, no QED contribution to compete 
with!

`��

`+�
�

⌫↵⌫↵

A

Z 0

A single channel is affected: ⌫µ ! ⌫µµ+µ�
<latexit sha1_base64="fEcEVPIpTZjWOekVEqlQI9sirxo=">AAACCnicbVBLSwMxGMzWV62vVY9eoq0giGW3Fz0WvXisYB/QXUs2TdvQJLvkIZTSsxf/ihcPinj1F3jz35huF9HWgYRh5vtIZqKEUaU978vJLS2vrK7l1wsbm1vbO+7uXkPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLya+s17IhWNxa0eJSTkqC9oj2KkrdRxD0uBMJ2AGxjoGP5wbu5O0/us1HGLXtlLAReJn5EiyFDruJ9BN8aGE6ExQ0q1fS/R4RhJTTEjk0JgFEkQHqI+aVsqECcqHKdRJvDYKl3Yi6U9QsNU/b0xRlypEY/sJEd6oOa9qfif1za6dxGOqUiMJgLPHuoZBm3qaS+wSyXBmo0sQVhS+1eIB0girG17BVuCPx95kTQqZd8r+zeVYvUyqyMPDsAROAE+OAdVcA1qoA4weABP4AW8Oo/Os/PmvM9Gc062sw/+wPn4BipQmUI=</latexit><latexit sha1_base64="fEcEVPIpTZjWOekVEqlQI9sirxo=">AAACCnicbVBLSwMxGMzWV62vVY9eoq0giGW3Fz0WvXisYB/QXUs2TdvQJLvkIZTSsxf/ihcPinj1F3jz35huF9HWgYRh5vtIZqKEUaU978vJLS2vrK7l1wsbm1vbO+7uXkPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLya+s17IhWNxa0eJSTkqC9oj2KkrdRxD0uBMJ2AGxjoGP5wbu5O0/us1HGLXtlLAReJn5EiyFDruJ9BN8aGE6ExQ0q1fS/R4RhJTTEjk0JgFEkQHqI+aVsqECcqHKdRJvDYKl3Yi6U9QsNU/b0xRlypEY/sJEd6oOa9qfif1za6dxGOqUiMJgLPHuoZBm3qaS+wSyXBmo0sQVhS+1eIB0girG17BVuCPx95kTQqZd8r+zeVYvUyqyMPDsAROAE+OAdVcA1qoA4weABP4AW8Oo/Os/PmvM9Gc062sw/+wPn4BipQmUI=</latexit><latexit sha1_base64="fEcEVPIpTZjWOekVEqlQI9sirxo=">AAACCnicbVBLSwMxGMzWV62vVY9eoq0giGW3Fz0WvXisYB/QXUs2TdvQJLvkIZTSsxf/ihcPinj1F3jz35huF9HWgYRh5vtIZqKEUaU978vJLS2vrK7l1wsbm1vbO+7uXkPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLya+s17IhWNxa0eJSTkqC9oj2KkrdRxD0uBMJ2AGxjoGP5wbu5O0/us1HGLXtlLAReJn5EiyFDruJ9BN8aGE6ExQ0q1fS/R4RhJTTEjk0JgFEkQHqI+aVsqECcqHKdRJvDYKl3Yi6U9QsNU/b0xRlypEY/sJEd6oOa9qfif1za6dxGOqUiMJgLPHuoZBm3qaS+wSyXBmo0sQVhS+1eIB0girG17BVuCPx95kTQqZd8r+zeVYvUyqyMPDsAROAE+OAdVcA1qoA4weABP4AW8Oo/Os/PmvM9Gc062sw/+wPn4BipQmUI=</latexit><latexit sha1_base64="fEcEVPIpTZjWOekVEqlQI9sirxo=">AAACCnicbVBLSwMxGMzWV62vVY9eoq0giGW3Fz0WvXisYB/QXUs2TdvQJLvkIZTSsxf/ihcPinj1F3jz35huF9HWgYRh5vtIZqKEUaU978vJLS2vrK7l1wsbm1vbO+7uXkPFRmJSxzGLZStCijAqSF1TzUgrkQTxiJFmNLya+s17IhWNxa0eJSTkqC9oj2KkrdRxD0uBMJ2AGxjoGP5wbu5O0/us1HGLXtlLAReJn5EiyFDruJ9BN8aGE6ExQ0q1fS/R4RhJTTEjk0JgFEkQHqI+aVsqECcqHKdRJvDYKl3Yi6U9QsNU/b0xRlypEY/sJEd6oOa9qfif1za6dxGOqUiMJgLPHuoZBm3qaS+wSyXBmo0sQVhS+1eIB0girG17BVuCPx95kTQqZd8r+zeVYvUyqyMPDsAROAE+OAdVcA1qoA4weABP4AW8Oo/Os/PmvM9Gc062sw/+wPn4BipQmUI=</latexit>

gaugeLµ � L⌧
<latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit>
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Other processes are also relevant if Z’ decays visibly 

“Dark bremsstrahlung”

A

⌫↵
⌫↵

⌫↵
⌫↵

Z 0 Z 0

Z

A

Z

Final state from                  looks nothing like trident. 
Hunt invariant mass bump at       . 

Z 0 ! µ+µ�
<latexit sha1_base64="czHObgskH8lvcqiesvTw2xtyQdE=">AAACGHicbVC7TsMwFHXKq5RXgA0WixYJCVElXWCsYGEsEn2IJq0c12mt2klkO0hVVInv4ANY4RPYECsbX8Bv4KQZaMuRbB2dc6+v7/EiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZxgKTJg5ZKDoekoTRgDQVVYx0IkEQ9xhpe+Ob1G8/EiFpGNyrSURcjoYB9SlGSkt986jy0HMiQTmBjgqhw+PeeXZfVPpm2apaGeAysXNSBjkaffPHGYQ45iRQmCEpu7YVKTdBQlHMyLTkxJJECI/RkHQ1DRAn0k2yHabwVCsD6IdCn0DBTP3bkSAu5YR7upIjNZKLXir+53Vj5V+5CQ2iWJEAzwb5MYN62zQQOKCCYMUmmiAsqP4rxCMkEFY6trkp6dtC+nKqk7EXc1gmrVrVtqr2Xa1cv84zKoJjcALOgA0uQR3cggZoAgyewAt4BW/Gs/FufBifs9KCkfccgjkYX7+VJ5+o</latexit><latexit sha1_base64="czHObgskH8lvcqiesvTw2xtyQdE=">AAACGHicbVC7TsMwFHXKq5RXgA0WixYJCVElXWCsYGEsEn2IJq0c12mt2klkO0hVVInv4ANY4RPYECsbX8Bv4KQZaMuRbB2dc6+v7/EiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZxgKTJg5ZKDoekoTRgDQVVYx0IkEQ9xhpe+Ob1G8/EiFpGNyrSURcjoYB9SlGSkt986jy0HMiQTmBjgqhw+PeeXZfVPpm2apaGeAysXNSBjkaffPHGYQ45iRQmCEpu7YVKTdBQlHMyLTkxJJECI/RkHQ1DRAn0k2yHabwVCsD6IdCn0DBTP3bkSAu5YR7upIjNZKLXir+53Vj5V+5CQ2iWJEAzwb5MYN62zQQOKCCYMUmmiAsqP4rxCMkEFY6trkp6dtC+nKqk7EXc1gmrVrVtqr2Xa1cv84zKoJjcALOgA0uQR3cggZoAgyewAt4BW/Gs/FufBifs9KCkfccgjkYX7+VJ5+o</latexit><latexit sha1_base64="czHObgskH8lvcqiesvTw2xtyQdE=">AAACGHicbVC7TsMwFHXKq5RXgA0WixYJCVElXWCsYGEsEn2IJq0c12mt2klkO0hVVInv4ANY4RPYECsbX8Bv4KQZaMuRbB2dc6+v7/EiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZxgKTJg5ZKDoekoTRgDQVVYx0IkEQ9xhpe+Ob1G8/EiFpGNyrSURcjoYB9SlGSkt986jy0HMiQTmBjgqhw+PeeXZfVPpm2apaGeAysXNSBjkaffPHGYQ45iRQmCEpu7YVKTdBQlHMyLTkxJJECI/RkHQ1DRAn0k2yHabwVCsD6IdCn0DBTP3bkSAu5YR7upIjNZKLXir+53Vj5V+5CQ2iWJEAzwb5MYN62zQQOKCCYMUmmiAsqP4rxCMkEFY6trkp6dtC+nKqk7EXc1gmrVrVtqr2Xa1cv84zKoJjcALOgA0uQR3cggZoAgyewAt4BW/Gs/FufBifs9KCkfccgjkYX7+VJ5+o</latexit><latexit sha1_base64="czHObgskH8lvcqiesvTw2xtyQdE=">AAACGHicbVC7TsMwFHXKq5RXgA0WixYJCVElXWCsYGEsEn2IJq0c12mt2klkO0hVVInv4ANY4RPYECsbX8Bv4KQZaMuRbB2dc6+v7/EiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7By0ZxgKTJg5ZKDoekoTRgDQVVYx0IkEQ9xhpe+Ob1G8/EiFpGNyrSURcjoYB9SlGSkt986jy0HMiQTmBjgqhw+PeeXZfVPpm2apaGeAysXNSBjkaffPHGYQ45iRQmCEpu7YVKTdBQlHMyLTkxJJECI/RkHQ1DRAn0k2yHabwVCsD6IdCn0DBTP3bkSAu5YR7upIjNZKLXir+53Vj5V+5CQ2iWJEAzwb5MYN62zQQOKCCYMUmmiAsqP4rxCMkEFY6trkp6dtC+nKqk7EXc1gmrVrVtqr2Xa1cv84zKoJjcALOgA0uQR3cggZoAgyewAt4BW/Gs/FufBifs9KCkfccgjkYX7+VJ5+o</latexit>

MZ0
<latexit sha1_base64="0KSQBNpkgpcDwXb3elvljBcqki0=">AAACCnicbVDLTsJAFL3FF+ILdemmEUxckZaNLolu3JhgIo8IhUyHKUyYmTYzUxPS9A/8ALf6Ce6MW3/CL/A3nEIXCp7kJifn3FeOHzGqtON8WYW19Y3NreJ2aWd3b/+gfHjUVmEsMWnhkIWy6yNFGBWkpalmpBtJgrjPSMefXmd+55FIRUNxr2cR8TgaCxpQjLSRBtXbYfIw6EeScpJWh+WKU3PmsFeJm5MK5GgOy9/9UYhjToTGDCnVc51IewmSmmJG0lI/ViRCeIrGpGeoQJwoL5l/ndpnRhnZQShNCW3P1d8TCeJKzbhvOjnSE7XsZeJ/Xi/WwaWXUBHFmgi8OBTEzNahnUVgj6gkWLOZIQhLan618QRJhLUJ6s+VbLdUgUpNMu5yDqukXa+5Ts29q1caV3lGRTiBUzgHFy6gATfQhBZgkPAML/BqPVlv1rv1sWgtWPnMMfyB9fkDYjWbdA==</latexit><latexit sha1_base64="0KSQBNpkgpcDwXb3elvljBcqki0=">AAACCnicbVDLTsJAFL3FF+ILdemmEUxckZaNLolu3JhgIo8IhUyHKUyYmTYzUxPS9A/8ALf6Ce6MW3/CL/A3nEIXCp7kJifn3FeOHzGqtON8WYW19Y3NreJ2aWd3b/+gfHjUVmEsMWnhkIWy6yNFGBWkpalmpBtJgrjPSMefXmd+55FIRUNxr2cR8TgaCxpQjLSRBtXbYfIw6EeScpJWh+WKU3PmsFeJm5MK5GgOy9/9UYhjToTGDCnVc51IewmSmmJG0lI/ViRCeIrGpGeoQJwoL5l/ndpnRhnZQShNCW3P1d8TCeJKzbhvOjnSE7XsZeJ/Xi/WwaWXUBHFmgi8OBTEzNahnUVgj6gkWLOZIQhLan618QRJhLUJ6s+VbLdUgUpNMu5yDqukXa+5Ts29q1caV3lGRTiBUzgHFy6gATfQhBZgkPAML/BqPVlv1rv1sWgtWPnMMfyB9fkDYjWbdA==</latexit><latexit sha1_base64="0KSQBNpkgpcDwXb3elvljBcqki0=">AAACCnicbVDLTsJAFL3FF+ILdemmEUxckZaNLolu3JhgIo8IhUyHKUyYmTYzUxPS9A/8ALf6Ce6MW3/CL/A3nEIXCp7kJifn3FeOHzGqtON8WYW19Y3NreJ2aWd3b/+gfHjUVmEsMWnhkIWy6yNFGBWkpalmpBtJgrjPSMefXmd+55FIRUNxr2cR8TgaCxpQjLSRBtXbYfIw6EeScpJWh+WKU3PmsFeJm5MK5GgOy9/9UYhjToTGDCnVc51IewmSmmJG0lI/ViRCeIrGpGeoQJwoL5l/ndpnRhnZQShNCW3P1d8TCeJKzbhvOjnSE7XsZeJ/Xi/WwaWXUBHFmgi8OBTEzNahnUVgj6gkWLOZIQhLan618QRJhLUJ6s+VbLdUgUpNMu5yDqukXa+5Ts29q1caV3lGRTiBUzgHFy6gATfQhBZgkPAML/BqPVlv1rv1sWgtWPnMMfyB9fkDYjWbdA==</latexit><latexit sha1_base64="0KSQBNpkgpcDwXb3elvljBcqki0=">AAACCnicbVDLTsJAFL3FF+ILdemmEUxckZaNLolu3JhgIo8IhUyHKUyYmTYzUxPS9A/8ALf6Ce6MW3/CL/A3nEIXCp7kJifn3FeOHzGqtON8WYW19Y3NreJ2aWd3b/+gfHjUVmEsMWnhkIWy6yNFGBWkpalmpBtJgrjPSMefXmd+55FIRUNxr2cR8TgaCxpQjLSRBtXbYfIw6EeScpJWh+WKU3PmsFeJm5MK5GgOy9/9UYhjToTGDCnVc51IewmSmmJG0lI/ViRCeIrGpGeoQJwoL5l/ndpnRhnZQShNCW3P1d8TCeJKzbhvOjnSE7XsZeJ/Xi/WwaWXUBHFmgi8OBTEzNahnUVgj6gkWLOZIQhLan618QRJhLUJ6s+VbLdUgUpNMu5yDqukXa+5Ts29q1caV3lGRTiBUzgHFy6gATfQhBZgkPAML/BqPVlv1rv1sWgtWPnMMfyB9fkDYjWbdA==</latexit>

gaugeLµ � L⌧
<latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit><latexit sha1_base64="EACoEmtKIUTzzRzZG1Uqu2V09QA=">AAAB+XicjVC7SgNBFL3rM8bXqqXNYCLYGHbTaBm0sbCIYB6QLMvsZJIMmZld5hEIS/7ExkIRW//Ezr9x8ihUFDxwuYdz7uVeTpJxpk0QfHgrq2vrG5uFreL2zu7evn9w2NSpVYQ2SMpT1U6wppxJ2jDMcNrOFMUi4bSVjK5nfmtMlWapvDeTjEYCDyTrM4KNk2LfL9/GXWHROXLdYFuO/VJYCeZAf5MSLFGP/fduLyVWUGkIx1p3wiAzUY6VYYTTabFrNc0wGeEB7TgqsaA6yuefT9GpU3qonypX0qC5+nUjx0LriUjcpMBmqH96M/E3r2NN/zLKmcysoZIsDvUtRyZFsxhQjylKDJ84goli7ldEhlhhYlxYxf+F0KxWwqAS3lVLtatlHAU4hhM4gxAuoAY3UIcGEBjDAzzBs5d7j96L97oYXfGWO0fwDd7bJ3Sokjs=</latexit>
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Sensitivity of DUNE ND

Experimental sensitivity

DUNE near detector (25 t) at 90 % C.L.  

Assume 10% normalisation systematics and no backgrounds.

U(1)Lµ�L⌧
<latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit><latexit sha1_base64="/38jZzeup6Aa6KgNm1vTa6tFCA0=">AAACBHicbZC9TsMwFIWd8lfKX4Cxi0WLVAaqpAuMFSwMDEUibaU2ihzXaa3aSWQ7SFWUgYVXYWEAIVYego23wWkzQMuRLH06915d3+PHjEplWd9GaW19Y3OrvF3Z2d3bPzAPj7oySgQmDo5YJPo+koTRkDiKKkb6sSCI+4z0/Ol1Xu89ECFpFN6rWUxcjsYhDShGSlueWa07DfvMS2+9dMiTDJ7DnBRKsqzumTWrac0FV8EuoAYKdTzzaziKcMJJqDBDUg5sK1ZuioSimJGsMkwkiRGeojEZaAwRJ9JN50dk8FQ7IxhEQr9Qwbn7eyJFXMoZ93UnR2oil2u5+V9tkKjg0k1pGCeKhHixKEgYVBHME4EjKghWbKYBYUH1XyGeIIGw0rlVdAj28smr0G01batp37Vq7asijjKoghPQADa4AG1wAzrAARg8gmfwCt6MJ+PFeDc+Fq0lo5g5Bn9kfP4AkDSWxA==</latexit>

Enhancement is largest at 
lower energies. 

Log sensitive to the Z’ mass 
below 10 MeV. 
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