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»
<latexit sha1_base64="b45s54cjqJgf+k9gD9ufHGQA6lA=">AAACBXicjVC7SgNBFL3rM8ZX1NJmMAhWYRMLLYM2VhLBPCBZwuzkbjJkZnaZmQ2EJbW9rf6Cndj6Hf6Bn+HkUWhQ8MDA4Zx7uHdOmAhurO9/eCura+sbm7mt/PbO7t5+4eCwYeJUM6yzWMS6FVKDgiusW24FthKNVIYCm+Hweuo3R6gNj9W9HScYSNpXPOKMWie1OreY2FRht1Asl/wZyN+kCAvUuoXPTi9mqURlmaDGtMt+YoOMasuZwEm+kxpMKBvSPrYdVVSiCbLZvRNy6pQeiWLtnrJkpn5PZFQaM5ahm5TUDsyyNxV/9STVo9gll/bb6DLIuEpSi4rN10epIDYm00pIj2tkVowdoUxz9wPCBlRTZl1x+f9V06iUyucl/65SrF4tSsrBMZzAGZThAqpwAzWoAwMBj/AEz96D9+K9em/z0RVvkTmCH/DevwAxzpmB</latexit>

»
<latexit sha1_base64="b45s54cjqJgf+k9gD9ufHGQA6lA=">AAACBXicjVC7SgNBFL3rM8ZX1NJmMAhWYRMLLYM2VhLBPCBZwuzkbjJkZnaZmQ2EJbW9rf6Cndj6Hf6Bn+HkUWhQ8MDA4Zx7uHdOmAhurO9/eCura+sbm7mt/PbO7t5+4eCwYeJUM6yzWMS6FVKDgiusW24FthKNVIYCm+Hweuo3R6gNj9W9HScYSNpXPOKMWie1OreY2FRht1Asl/wZyN+kCAvUuoXPTi9mqURlmaDGtMt+YoOMasuZwEm+kxpMKBvSPrYdVVSiCbLZvRNy6pQeiWLtnrJkpn5PZFQaM5ahm5TUDsyyNxV/9STVo9gll/bb6DLIuEpSi4rN10epIDYm00pIj2tkVowdoUxz9wPCBlRTZl1x+f9V06iUyucl/65SrF4tSsrBMZzAGZThAqpwAzWoAwMBj/AEz96D9+K9em/z0RVvkTmCH/DevwAxzpmB</latexit>

P.	Ballett,	M.H.,	S.	Pascoli,	Y.	F.	Perez-Gonzalez,	Z.	Tabrizi	and	R.	Z.	Funchal			
arXiv:1807.10973 and arXiv:1902.08579

NTN	Workshop	on	Neutrino	Non-Standard	Interactions	

1



M. Hostert 2

Oscillation	experiments	—	precision	era

p+

??

Flux	uncertainties	are	large	
(hadro-production	and	focusing)	

~9%	at	the	NuMI	beam

Neutrino-nucleus	cross	sections:		
	nuclear	physics	+	lack	of	data

E⌫ ⇠ few GeV
<latexit sha1_base64="cgpTIsSGKSWkQ1RurHk3RGyuIFM=">AAAB/nicbVBNS8NAEN34WetXVDx5WWwFTyWpBz0WRfRYwX5AE8pmO2mXbjZhd6OUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeUHCmdKO820tLa+srq0XNoqbW9s7u/beflPFqaTQoDGPZTsgCjgT0NBMc2gnEkgUcGgFw6uJ33oAqVgs7vUoAT8ifcFCRok2Utc+LF93PZFiT7EIl3EIj/gGml275FScKfAicXNSQjnqXfvL68U0jUBoyolSHddJtJ8RqRnlMC56qYKE0CHpQ8dQQSJQfjY9f4xPjNLDYSxNCY2n6u+JjERKjaLAdEZED9S8NxH/8zqpDi/8jIkk1SDobFGYcqxjPMkC95gEqvnIEEIlM7diOiCSUG0SK5oQ3PmXF0mzWnHPKs5dtVS7zOMooCN0jE6Ri85RDd2iOmogijL0jF7Rm/VkvVjv1sesdcnKZw7QH1ifP8bmlBE=</latexit>
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Oscillation	experiments	—	precision	era

Beating	systematics	for	
precision	on	oscillation	

Neutrino-nucleus	cross	sections:		
	nuclear	physics	+	lack	of	data

Typically		>									interactions105
<latexit sha1_base64="3uXJQ2It5/XnWKg8JAhV1yCJhRk=">AAACAXicbVDLSgMxFL1TX7W+qi7dBIvgqsz4QJdFNy4r2Ae0Y8mkmTY0yQxJplCGrty71V9wJ279Ev/AzzDTzkJbDwQO59zDvTlBzJk2rvvlFFZW19Y3ipulre2d3b3y/kFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB0m/mtMVWaRfLBTGLqCzyQLGQEm0zy3MfLXrniVt0Z0DLxclKBHPVe+bvbj0giqDSEY607nhsbP8XKMMLptNRNNI0xGeEB7VgqsaDaT2e3TtGJVfoojJR90qCZ+juRYqH1RAR2UmAz1IteJv7rCazGkU0u7DfhtZ8yGSeGSjJfHyYcmQhldaA+U5QYPrEEE8XsDxAZYoWJsaWVbDXeYhHLpHlW9c6r7v1FpXaTl1SEIziGU/DgCmpwB3VoAIEhPMMLvDpPzpvz7nzMRwtOnjmEP3A+fwDqRpcR</latexit>

Near	detectors

p+

??

																		expect															total	neutrino	interactions	in	a	75t		LAr	near	detector> 108
<latexit sha1_base64="JS8+lsujUURe8zqG0cLg3bvY1zM=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9lVwZ6k6MVjBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Cbz209UaSbFvZnE1I/wULCQEWys1LpCnvtQ65crbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns2ik6scoAhVLZEgbN1N8TKY60nkSB7YywGelFLxP/87qJCWt+ykScGCrIfFGYcGQkyl5HA6YoMXxiCSaK2VsRGWGFibEBlWwI3uLLy6R1VvXOq+7dRaV+ncdRhCM4hlPw4BLqcAsNaAKBR3iGV3hzpPPivDsf89aCk88cwh84nz/xhI4N</latexit>

Flux	uncertainties	are	large	
(hadro-production	and	focusing)	

~9%	at	the	NuMI	beam

Neutrino	scattering	—	weak	force	in	isolation!

E⌫ ⇠ few GeV
<latexit sha1_base64="cgpTIsSGKSWkQ1RurHk3RGyuIFM=">AAAB/nicbVBNS8NAEN34WetXVDx5WWwFTyWpBz0WRfRYwX5AE8pmO2mXbjZhd6OUUPCvePGgiFd/hzf/jds2B219MPB4b4aZeUHCmdKO820tLa+srq0XNoqbW9s7u/beflPFqaTQoDGPZTsgCjgT0NBMc2gnEkgUcGgFw6uJ33oAqVgs7vUoAT8ifcFCRok2Utc+LF93PZFiT7EIl3EIj/gGml275FScKfAicXNSQjnqXfvL68U0jUBoyolSHddJtJ8RqRnlMC56qYKE0CHpQ8dQQSJQfjY9f4xPjNLDYSxNCY2n6u+JjERKjaLAdEZED9S8NxH/8zqpDi/8jIkk1SDobFGYcqxjPMkC95gEqvnIEEIlM7diOiCSUG0SK5oQ3PmXF0mzWnHPKs5dtVS7zOMooCN0jE6Ri85RDd2iOmogijL0jF7Rm/VkvVjv1sesdcnKZw7QH1ifP8bmlBE=</latexit>
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Neutrino-hadron	interactions

Neutrin0-nucleus

• Large	statistics	(#	of	targets)	
• CC	and	NC	on	event-by-event	
• Nuclear	effects

• Large	cross	section	
• NC	only	
• Low	energy	recoil

CEvNS

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

A
<latexit sha1_base64="cyU/D9On05p1tj0Lm0Z9qERpMCU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWtX5art3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDk4eMxw==</latexit>

p+
<latexit sha1_base64="F9b6/4eRyt8ip0KODSf3WbHovXo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklU0GPRi8eK9gPaWDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfztLyyuraemGjuLm1vbNb2ttvmDjVjNdZLGPdCqjhUiheR4GStxLNaRRI3gyGNxO/+cS1EbF6wFHC/Yj2lQgFo2il++TxtFsquxV3CrJIvJyUIUetW/rq9GKWRlwhk9SYtucm6GdUo2CSj4ud1PCEsiHt87alikbc+Nn01DE5tkqPhLG2pZBM1d8TGY2MGUWB7YwoDsy8NxH/89ophld+JlSSIldstihMJcGYTP4mPaE5QzmyhDIt7K2EDaimDG06RRuCN//yImmcVbzzint3Ua5e53EU4BCO4AQ8uIQq3EIN6sCgD8/wCm+OdF6cd+dj1rrk5DMH8AfO5w/1fo2T</latexit>

`�↵
<latexit sha1_base64="RGdYwtBclL3g3X+skCD2x+92S7E=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh6DXjxGMA/IrqF30psMmX04MxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+6BQ8AgbmmuB7UQihL7Alj+8nfqtEUrF4+hBjxP0QuhHPOAMtJE8F4XouiCSATyedcsVu2rPQJeJk5MKyVHvlr/cXszSECPNBCjVcexEexlIzZnASclNFSbAhtDHjqERhKi8bHb0hJ4YpUeDWJqKNJ2pvycyCJUah77pDEEP1KI3Ff/zOqkOrr2MR0mqMWLzRUEqqI7pNAHa4xKZFmNDgElubqVsABKYNjmVTAjO4svLpHledS6q9v1lpXaTx1EkR+SYnBKHXJEauSN10iCMPJFn8krerJH1Yr1bH/PWgpXPHJI/sD5/AHZzkeM=</latexit>

⌫↵
<latexit sha1_base64="nFbKL/ilV/zEBbQj5ZqVJWKVIOg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cKthabUCbbTbt0swm7G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRTlLVoIhLVCVEzwSVrGW4E66SKYRwK9hCObqb+wxNTmify3oxTFsQ4kDziFI2VHn2Z9XwU6RB71Zpbd2cgy8QrSA0KNHvVL7+f0Cxm0lCBWnc9NzVBjspwKtik4meapUhHOGBdSyXGTAf57OIJObFKn0SJsiUNmam/J3KMtR7Hoe2M0Qz1ojcV//O6mYmugpzLNDNM0vmiKBPEJGT6PulzxagRY0uQKm5vJXSICqmxIVVsCN7iy8ukfVb3zuvu3UWtcV3EUYYjOIZT8OASGnALTWgBBQnP8ApvjnZenHfnY95acoqZQ/gD5/MHn62Q4A==</latexit>

⇠ 10�38 cm2
<latexit sha1_base64="hf4LmNdaHWUtSTP/ciKjbgRjWaQ=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJBYqFK2oGOFSyMRaIPqU0rx3Vaq7YT2Q5SFTrwKywMIMTKb7DxN7htBmg50pWOzrlX994TxIwq7brfVm5tfWNzK79d2Nnd2z+wD4+aKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXjm5nfeiBS0Ujc60lMfI6GgoYUI22kvn3idBXl0HN76WWlOnUg5k6v7PTtolty54CrxMtIEWSo9+2v7iDCCSdCY4aU6nhurP0USU0xI9NCN1EkRniMhqRjqECcKD+d3z+F50YZwDCSpoSGc/X3RIq4UhMemE6O9EgtezPxP6+T6LDqp1TEiSYCLxaFCYM6grMw4IBKgjWbGIKwpOZWiEdIIqxNZAUTgrf88ipplktepeTelYu16yyOPDgFZ+ACeOAK1MAtqIMGwOARPINX8GY9WS/Wu/WxaM1Z2cwx+APr8wdEd5Or</latexit>⇠ 10�38 cm2

<latexit sha1_base64="hf4LmNdaHWUtSTP/ciKjbgRjWaQ=">AAAB/3icbVC7TsMwFHXKq5RXAImFxaJBYqFK2oGOFSyMRaIPqU0rx3Vaq7YT2Q5SFTrwKywMIMTKb7DxN7htBmg50pWOzrlX994TxIwq7brfVm5tfWNzK79d2Nnd2z+wD4+aKkokJg0csUi2A6QIo4I0NNWMtGNJEA8YaQXjm5nfeiBS0Ujc60lMfI6GgoYUI22kvn3idBXl0HN76WWlOnUg5k6v7PTtolty54CrxMtIEWSo9+2v7iDCCSdCY4aU6nhurP0USU0xI9NCN1EkRniMhqRjqECcKD+d3z+F50YZwDCSpoSGc/X3RIq4UhMemE6O9EgtezPxP6+T6LDqp1TEiSYCLxaFCYM6grMw4IBKgjWbGIKwpOZWiEdIIqxNZAUTgrf88ipplktepeTelYu16yyOPDgFZ+ACeOAK1MAtqIMGwOARPINX8GY9WS/Wu/WxaM1Z2cwx+APr8wdEd5Or</latexit>

�
<latexit sha1_base64="g8T4WcLesrKA4mT0aEyV13q2WP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDy6p/X6vUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnQmPJQ==</latexit>�

<latexit sha1_base64="g8T4WcLesrKA4mT0aEyV13q2WP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDy6p/X6vUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnQmPJQ==</latexit>

See	talks	by	X.	Xu	and	B.	Dutta.		

Great	for	light	new	physics	or	NSIsHard	to	model,	but		
suitable	for	oscillation	physics

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

X



M. Hostert 5

(Semi-)Leptonic	neutrino	interactions

• Low	statistics	
• NC	or	NC+CC	
• Fundamental	couplings	only

Neutrino-electron

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

e
<latexit sha1_base64="vuQzFFip3lMN3OrTaT/X85ybZeU=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIUJIEL2VvmYMPe3mV3z4Rc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjMvSATXxnW/ncLa+sbmVnG7tLO7t39QPjxq6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBj8H4ZuY/PqHSPJYPZpKgH9Gh5CFn1FjpvorVfrni1tw5yCrxclKBHM1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPIzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJe16zbuouXf1SuM6j6MIJ3AK5+DBJTTgFprQAgZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifP4EdjUU=</latexit>

⇠ 10�41 cm2
<latexit sha1_base64="3Qjelibgr4D6BAjNO6CWLP9+OE8=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4uN4MWSVEGPRS8eK9gPaNOy2W7bpbtJ2N0IJfbgX/HiQRGv/g1v/hu3bQ5afTDweG+GmXlBzJnSrvtl5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2QzwIpyFtKaZprTZiwpFgGnjWB0PfUb91QqFoV3ehxTX+BByPqMYG2krn3gtBUTyHM76em5N3EQEU6n7HTtoltyZ0B/iZeRImSodu3Pdi8iiaChJhwr1fLcWPsplpoRTieFdqJojMkID2jL0BALqvx0dv8EHRulh/qRNBVqNFN/TqRYKDUWgekUWA/VojcV//Naie5f+ikL40TTkMwX9ROOdISmYaAek5RoPjYEE8nMrYgMscREm8gKJgRv8eW/pF4ueWcl97ZcrFxlceThEI7gBDy4gArcQBVqQOABnuAFXq1H69l6s97nrTkrm9mHX7A+vgE7KpOl</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

A
<latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit><latexit sha1_base64="DAge86TxnYa/m0r6OFTh2f1s8r8=">AAACH3icbVDLTsJAFJ2iIuILdOlmIpi4Ii0bXaJuXGKURwINmU6nMGE6bWZuTZqGT3Cra7/GnXHL3zhAFwKeZJKTc+5rjhcLrsG251ZhZ3evuF86KB8eHZ+cVqpnXR0lirIOjUSk+h7RTHDJOsBBsH6sGAk9wXre9GHh916Z0jySL5DGzA3JWPKAUwJGeq7f1UeVmt2wl8DbxMlJDeVoj6pWcehHNAmZBCqI1gPHjsHNiAJOBZuVh4lmMaFTMmYDQyUJmXaz5a0zfGUUHweRMk8CXqp/OzISap2GnqkMCUz0prcQ//MGCQS3bsZlnACTdLUoSASGCC8+jn2uGAWRGkKo4uZWTCdEEQomnrUt8STVnGozArdXFHuKYCJ9PGWAZQTL8MomOWczp23SbTYcu+E8NWut+zzDErpAl+gaOegGtdAjaqMOomiM3tA7+rA+rS/r2/pZlRasvOccrcGa/wIuxaC4</latexit>

⌫
<latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit><latexit sha1_base64="PE4LEKpOchRT9o+qmkDMCGDO9Yo=">AAACIXicbVBPT8IwHO1QEfEf6NFLI5h4IhsXPRK9eMTEAQkspOs6aOi6pf3NZFn4DF717KfxZrwZv4xlcBDwJU1e3vv96/MTwTXY9rdV2tndK+9XDqqHR8cnp7X6WU/HqaLMpbGI1cAnmgkumQscBBskipHIF6zvz+4Xfv+ZKc1j+QRZwryITCQPOSVgJLc5kmlzXGvYLbsA3ibOijTQCt1x3SqPgpimEZNABdF66NgJeDlRwKlg8+oo1SwhdEYmbGioJBHTXl5cO8dXRglwGCvzJOBC/duRk0jrLPJNZURgqje9hfifN0whvPVyLpMUmKTLRWEqMMR48XUccMUoiMwQQhU3t2I6JYpQMAGtbUmmmeZUmxG4u6TYVwQTGeAZAyxjKOKrmuSczZy2Sa/dcuyW89hudO5WGVbQBbpE18hBN6iDHlAXuYgijl7QK3qz3q0P69P6WpaWrFXPOVqD9fMLMRmhyg==</latexit>

`
<latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit>

`
<latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit><latexit sha1_base64="mAVS8CrX31I6DGfgiYH0xwA0D4E=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lpjIRwIXsrfMwcre7WV3z4Rc+A82Fhpj6/+x89+4wBUKvmSSl/dmMjMvSATXxnW/ncLG5tb2TnG3tLd/cHhUPj5pa5kqhi0mhVTdgGoUPMaW4UZgN1FIo0BgJ5jczv3OEyrNZfxgpgn6ER3FPOSMGiu1q30UojooV9yauwBZJ15OKpCjOSh/9YeSpRHGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnaUwj1H62uHZGLqwyJKFUtmJDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzHSWowZstFYSqIkWT+OhlyhcyIqSWUKW5vJWxMFWXGBlSyIXirL6+Tdr3muTXvvl5p3ORxFOEMzuESPLiCBtxBE1rA4BGe4RXeHOm8OO/Ox7K14OQzp/AHzucPxgmOlQ==</latexit>

�
<latexit sha1_base64="g8T4WcLesrKA4mT0aEyV13q2WP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDy6p/X6vUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnQmPJQ==</latexit>

⇠ 10�44 cm2
<latexit sha1_base64="ftValCO+vfu4Fn3wpe+/yrzOpSg=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2BHcGOZqQVdFt24rGAf0E5LJs20oUlmSDJCGbvwV9y4UMStv+HOvzFtZ6GtBy4czrmXe+8JYkaVdt1vK7eyura+kd8sbG3v7O7Z+wcNFSUSkzqOWCRbAVKEUUHqmmpGWrEkiAeMNIPRzdRvPhCpaCTu9TgmPkcDQUOKkTZSzz5yOopy6Lnd9LxSmTgQc6dbdnp20S25M8Bl4mWkCDLUevZXpx/hhBOhMUNKtT031n6KpKaYkUmhkygSIzxCA9I2VCBOlJ/O7p/AU6P0YRhJU0LDmfp7IkVcqTEPTCdHeqgWvan4n9dOdHjlp1TEiSYCzxeFCYM6gtMwYJ9KgjUbG4KwpOZWiIdIIqxNZAUTgrf48jJplEveRcm9Kxer11kceXAMTsAZ8MAlqIJbUAN1gMEjeAav4M16sl6sd+tj3pqzsplD8AfW5w8/0ZOo</latexit>

�
<latexit sha1_base64="g8T4WcLesrKA4mT0aEyV13q2WP0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexqQI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDy6p/X6vUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnQmPJQ==</latexit>

• Low	statistics	
• NC	or	NC+CC	
• Well	understood

Neutrino	trident	production

Clean	and	rare	process	
(couplings	to	e-)

Clean,	very	rare	process	with		
a	rich	flavour	structure.
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Neutrino-electron	scattering

E✓2 < 2me
<latexit sha1_base64="DP8RQ+t45TzyXOFMwdKIId7/u+E=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCp7AbBT14CIrgMYJ5QLKG2UknGTL7YKZXDEt+xYsHRbz6I978GyfJHjSxoKGo6qa7y4+l0Og431ZuZXVtfSO/Wdja3tnds/eLDR0likOdRzJSLZ9pkCKEOgqU0IoVsMCX0PRH11O/+QhKiyi8x3EMXsAGoegLztBIXbt4Qzs4BGQPFXpJKzToQtcuOWVnBrpM3IyUSIZa1/7q9CKeBBAil0zrtuvE6KVMoeASJoVOoiFmfMQG0DY0ZAFoL53dPqHHRunRfqRMhUhn6u+JlAVajwPfdAYMh3rRm4r/ee0E+xdeKsI4QQj5fFE/kRQjOg2C9oQCjnJsCONKmFspHzLFOJq4CiYEd/HlZdKolN3TsnN3VqpeZXHkySE5IifEJeekSm5JjdQJJ0/kmbySN2tivVjv1se8NWdlMwfkD6zPH3vIksc=</latexit>

Very	simple	cross	section

d�⌫↵�e

dTe
=

2meG2
F

⇡

"
�
CL

↵

�2
+

�
CR

↵

�2
✓
1� Te

E⌫

◆2

� CL
↵C

R
↵ me

Te

E2
⌫

#
. (1)

<latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit>

Tth  Te 
2E2

⌫

me + 2E⌫
,

<latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit><latexit sha1_base64="BX2iEFdNYsVTKz7ts218hzBEddU="></latexit>

Minerva	LE	measurement	(see	C.	Argüelles	talk)

Used	to	normalise	the	neutrino	flux	

Reduces	flux	uncertainty	from	9%	to	6%	
at	LE	NuMI

S

B
⇠ 127

30
<latexit sha1_base64="V2O4PT/ekwwl78ghVHu+IxnMoR4=">AAACCXicbVBNT8JAEJ3iF+JX1aOXjcTEE2nBBI8ELx4xCphQQrbLFjZst83u1oQ0vXrxr3jxoDFe/Qfe/Dcu0IOCL5nk5b2ZzMzzY86Udpxvq7C2vrG5Vdwu7ezu7R/Yh0cdFSWS0DaJeCTvfawoZ4K2NdOc3seS4tDntOtPrmZ+94FKxSJxp6cx7Yd4JFjACNZGGtjICyQm6W2WNjPkKRbmglutZ2nNydDALjsVZw60StyclCFHa2B/ecOIJCEVmnCsVM91Yt1PsdSMcJqVvETRGJMJHtGeoQKHVPXT+ScZOjPKEAWRNCU0mqu/J1IcKjUNfdMZYj1Wy95M/M/rJTq47KdMxImmgiwWBQlHOkKzWNCQSUo0nxqCiWTmVkTG2CShTXglE4K7/PIq6VQrbq3i3FyUG808jiKcwCmcgwt1aMA1tKANBB7hGV7hzXqyXqx362PRWrDymWP4A+vzByrUmVQ=</latexit>

—			expect	DUNE	ND	to	do	better.
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Neutrino	trident	production

Very	crude	approximation	for	the	total	cross	section:

Neutrino	charged	lepton	production	in	the	
Coulomb	field	of	a	nucleus.

Neutrino	trident	production/scattering:
`��

`+�

�

⌫↵⌫↵

A

Z
<latexit sha1_base64="fQ5aqhlhPInZpd/kN1Dmx0OHpMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWtX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuWuM4A==</latexit>

W
<latexit sha1_base64="M10izMpu9rHTZzihmKUIzZFWHn8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtN+M3Q==</latexit>

`�↵
<latexit sha1_base64="RGdYwtBclL3g3X+skCD2x+92S7E=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh6DXjxGMA/IrqF30psMmX04MxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+6BQ8AgbmmuB7UQihL7Alj+8nfqtEUrF4+hBjxP0QuhHPOAMtJE8F4XouiCSATyedcsVu2rPQJeJk5MKyVHvlr/cXszSECPNBCjVcexEexlIzZnASclNFSbAhtDHjqERhKi8bHb0hJ4YpUeDWJqKNJ2pvycyCJUah77pDEEP1KI3Ff/zOqkOrr2MR0mqMWLzRUEqqI7pNAHa4xKZFmNDgElubqVsABKYNjmVTAjO4svLpHledS6q9v1lpXaTx1EkR+SYnBKHXJEauSN10iCMPJFn8krerJH1Yr1bH/PWgpXPHJI/sD5/AHZzkeM=</latexit>

`+�

⌫�
<latexit sha1_base64="YBhGkOy0+7gPhJP3nOek42Bquy0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd0/r3t3F7XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/WXJBs</latexit>

�

⌫↵

A

	NC+CC	destructive	interference.

�» ⇡ (g2V + g2A)
Z2↵2G2

F

9⇡3
log

✓
2E⌫⇤QCD

4m2
`A

1/3

◆
2E⌫⇤QCD

A1/3
<latexit sha1_base64="bFg9vZ49sBpHSiOmWRo+UBwO4/8="></latexit>

(g2V + g2A)CC+NC

(g2V + g2A)CC
⇡ 0.60

<latexit sha1_base64="9kBjaCJNEYR7zNm2TM/0BMh5b2k="></latexit>

Channel SM Contributions gV gA

⌫µ ! ⌫µµ+µ�
CC, NC 1/2 + 2s2w 1/2

⌫µ ! ⌫µe+e� NC �1/2 + 2s2w �1/2

⌫µ ! ⌫ee+µ�
CC 1 1

<latexit sha1_base64="X40HPGiilK7l5rpgD6KS9eZPIos="></latexit>
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Low	energy	cross	sections

8

�

⌫↵
⌫↵ (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>

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

Universal	leptonic	T	and	L	cross	sections.

where																								and																						.	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>

Process	in	coherent,	incoherent	or	DIS	limit:

d2�⌫X
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<latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit><latexit sha1_base64="H9/5MPDAf9wCojItyD8i80w7dac="></latexit>

Q2 =
p

�q2
<latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit>

p1
<latexit sha1_base64="54+brRXuGR/swZkdCk5WB1lfd00=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndZde9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAAKo2a</latexit>

*On-shell	photon	(EPA	or	Weiszacker-Williams)	is	a	bad	approximation	at	LE		
(factors	of	2	or	3	difference	—	unsuitable	for	incoherent	scattering)

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>

d2�⌫X
dQ2dŝ = 1

32⇡2(s�M2
X)2

Hµ⌫
X Lµ⌫

Q4
<latexit sha1_base64="ymmEI2s7FvfKgv1+qd2N2g2hniA="></latexit>

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>

P.	Ballett	et	al,	JHEP	1901	(2019)	119.
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Low	energy	cross	sections

9

�

⌫↵
⌫↵ (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>

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

Universal	leptonic	T	and	L	cross	sections.

where																								and																						.	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>
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2, ŝ)�T
⌫�(Q
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<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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p

�q2
<latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit><latexit sha1_base64="jWSVFyAaTPip5AenMLvFzidmewE="></latexit>

p1
<latexit sha1_base64="54+brRXuGR/swZkdCk5WB1lfd00=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndZde9rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAAKo2a</latexit>

*On-shell	photon	(EPA	or	Weiszacker-Williams)	is	a	bad	approximation	at	LE		
(factors	of	2	or	3	difference	—	unsuitable	for	incoherent	scattering)

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>
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<latexit sha1_base64="ymmEI2s7FvfKgv1+qd2N2g2hniA="></latexit>

X
<latexit sha1_base64="I/CYL8yVn02Tw3nXWWW3R4eAfng=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU6PTLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtmOM3g==</latexit>

Well	understood	process.	

Electromagnetic	nuclear	form	factors	
+	

fundamental	neutrino-lepton	scattering	

Process	in	coherent,	incoherent	or	DIS	limit:

P.	Ballett	et	al,	JHEP	1901	(2019)	119.
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Cross	sections	
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Need	>									CCQE	events	to	join	the	game	at	LE.	106
<latexit sha1_base64="r9tImNas9cGI3Kgk6xWm8qBPNq0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK9gPaWDbbTbt0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZeEHOmjet+O6WV1bX1jfJmZWt7Z3evun/Q1lGiCG2RiEeqG2BNOZO0ZZjhtBsrikXAaSeY3GZ+54kqzSL5YKYx9QUeSRYygk0mee7j5aBac+tuDrRMvILUoEBzUP3qDyOSCCoN4VjrnufGxk+xMoxwOqv0E01jTCZ4RHuWSiyo9tP81hk6scoQhZGyJQ3K1d8TKRZaT0VgOwU2Y73oZeJ/Xi8x4bWfMhknhkoyXxQmHJkIZY+jIVOUGD61BBPF7K2IjLHCxNh4KjYEb/HlZdI+q3vndff+ota4KeIowxEcwyl4cAUNuIMmtIDAGJ7hFd4c4bw4787HvLXkFDOH8AfO5w8UeI2Z</latexit>

Normalized	to	CCQE	on	18	protons

Production	of	taus	is	very	small…	not	visible	in	the	plot.	Large	Q	+	three	propagator	suppression.
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CCFR	
Lab	E	detector	at	FNAL

CHARM-II	
WANF	beam	(CERN)

�CHARM�II

�SM
= 1.58±0.57

<latexit sha1_base64="pcrb6bdpzLaOKXbKxtpc5ya6KfY="></latexit>

 Phys. Rev. Lett. 66, 3117 (1991). Phys. Lett. B 245, 271 (1990)

�CCFR
�SM

= 0.82±0.28
<latexit sha1_base64="PATwsyAu8b0vyADZJUsb2KVqppo="></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>

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>

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>

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>

Dimuon	tridents	in	muon	neutrino	beam
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CCFR	
Lab	E	detector	at	FNAL

CHARM-II	
WANF	beam	(CERN)

�CHARM�II

�SM
= 1.58±0.57

<latexit sha1_base64="pcrb6bdpzLaOKXbKxtpc5ya6KfY="></latexit>

 Phys. Rev. Lett. 66, 3117 (1991). Phys. Lett. B 245, 271 (1990)

�CCFR
�SM

= 0.82±0.28
<latexit sha1_base64="PATwsyAu8b0vyADZJUsb2KVqppo="></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>

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>

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>

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>

Dimuon	tridents	in	muon	neutrino	beam

Not	yet	observed	or	even	searched	for!	

Dilepton	production	in	neutrino	experiments	is	old	physics,		
but	trident	is	unique	(clean	signal	with	no	E	had).

e+e�
<latexit sha1_base64="NeOFuPQrjwsx3t+GMbncnD2i7F8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMgiGFXBT0GvXiMYB6QbMLspDcZMzu7zMwKYck/ePGgiFf/x5t/4+Rx0GhBQ1HVTXdXkAiujet+Obml5ZXVtfx6YWNza3unuLtX13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HwZuI3HlFpHst7M0rQj2hf8pAzaqxUx84Jdk67xZJbdqcgf4k3JyWYo9otfrZ7MUsjlIYJqnXLcxPjZ1QZzgSOC+1UY0LZkPaxZamkEWo/m147JkdW6ZEwVrakIVP150RGI61HUWA7I2oGetGbiP95rdSEV37GZZIalGy2KEwFMTGZvE56XCEzYmQJZYrbWwkbUEWZsQEVbAje4st/Sf2s7J2X3buLUuV6HkceDuAQjsGDS6jALVShBgwe4Ale4NWJnWfnzXmfteac+cw+/ILz8Q3DSo6W</latexit>

µ±e⌥
<latexit sha1_base64="tEjHk2LHZ4sFsvtFx983sYEu2RI=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyqoMeiF48V7Ad0tyWbzrahSXZNsoWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRU8epotCgMY9VOyQaOJPQMMxwaCcKiAg5tMLR3cxvjUFpFstHM0kgEGQgWcQoMVYKfJF2/URg6Poi6ZUrbtWdA68SLycVlKPeK3/5/ZimAqShnGjd8dzEBBlRhlEO05KfakgIHZEBdCyVRIAOsvnRU3xmlT6OYmVLGjxXf09kRGg9EaHtFMQM9bI3E//zOqmJboKMySQ1IOliUZRybGI8SwD3mQJq+MQSQhWzt2I6JIpQY3Mq2RC85ZdXSfOi6l1W3YerSu02j6OITtApOkceukY1dI/qqIEoekLP6BW9OWPnxXl3PhatBSefOUZ/4Hz+AIfSke8=</latexit>

See	G.	Magill	and	R.	Plestid,	arXiv:1612.05642
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e±/�
<latexit sha1_base64="tQcN3auoPWFiDkHiS5tCSWmD2IA="></latexit><latexit sha1_base64="tQcN3auoPWFiDkHiS5tCSWmD2IA="></latexit><latexit sha1_base64="tQcN3auoPWFiDkHiS5tCSWmD2IA="></latexit><latexit sha1_base64="tQcN3auoPWFiDkHiS5tCSWmD2IA="></latexit>

µ±/⇡±
<latexit sha1_base64="12IMbXxXItoB8yH8Ra12Xp9TtLg="></latexit><latexit sha1_base64="12IMbXxXItoB8yH8Ra12Xp9TtLg="></latexit><latexit sha1_base64="12IMbXxXItoB8yH8Ra12Xp9TtLg="></latexit><latexit sha1_base64="12IMbXxXItoB8yH8Ra12Xp9TtLg="></latexit>

Even	if	misID	is	few	%,	there	are	just	too	
many,	we	have	to	rely	on	kinematics.

See	P.	Ballett	et	al,	JHEP1901(2019)119 for	preliminary	analysis	in	LAr	for	all	channels	
W.	Altmannshoffer	et	al, arXiv:1902.06765	for	more	sophisticated	dimuon	projection	in	DUNE.

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>

PID {
<latexit sha1_base64="TdAoysqCGuERLURxf/m8ZB3UojE=">AAAB/3icbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5dV7APaoWTSTBuax5BkCmXowr1b/QV34tZP8Q/8DNN2Flo9EDiccw/35kQJZ8b6/qdXWFldW98obpa2tnd298r7B02jUk1ogyiudDvChnImacMyy2k70RSLiNNWNLqZ+a0x1YYp+WAnCQ0FHkgWM4Ktk+67Wa9c8av+HOgvCXJSgRz1Xvmr21ckFVRawrExncBPbJhhbRnhdFrqpoYmmIzwgHYclVhQE2bzS6foxCl9FCvtnrRorv5MZFgYMxGRmxTYDs2yNxP/9QTWY+WSS/ttfBVmTCappZIs1scpR1ahWRmozzQllk8cwUQz9wNEhlhjYl1lJVdNsFzEX9I8qwbnVf/uolK7zksqwhEcwykEcAk1uIU6NIBADE/wDC/eo/fqvXnvi9GCl2cO4Re8j29w5Zbg</latexit>

Dilepton	production	is	rare,	usually		alongside	heavy	resonances	and	E	had,	but…	
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DUNE	ND	strategy

A. Bross	
12/3/2018	
PONDD
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Design Mode µ+µ� trident e+e� trident ⌫ � e scattering POTs/year

62.4 GeV p+
⌫ 36.5 92.7 7670 1.83⇥ 1021

⌫ 27.3 73.4 4620 1.83⇥ 1021

80 GeV p+
⌫ 42.0 102 8380 1.4⇥ 1021

⌫ 33.0 84.3 5320 1.4⇥ 1021

120 GeV p+
⌫ 47.6 110 8930 1.1⇥ 1021

⌫ 40.7 97.6 6450 1.1⇥ 1021

⌫⌧ app optm
⌫ 210 321 24900 1.1⇥ 1021

⌫ 156 243 14700 1.1⇥ 1021
<latexit sha1_base64="K0r3W+6FTJOCiWPhO/uTPHd3V7s="></latexit>

SM	event	rate	/year/75t	

}
<latexit sha1_base64="qg0O7hvfnYqeZARUloUl2ntzTgo=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iEcugjWUU8wHJEfY2e8mSvb1jd04IR/6BjYUitv4jO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqEacJ9yM6UiIUjKKVHvqzQbniVt0FyDrxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4tLZ+TCKkMSxtqWQrJQf09kNDJmGgW2M6I4NqveXPzP66UYXvuZUEmKXLHlojCVBGMyf5sMheYM5dQSyrSwtxI2ppoytOGUbAje6svrpF2reldV975WadzkcRThDM7hEjyoQwPuoAktYBDCM7zCmzNxXpx352PZWnDymVP4A+fzB56WjWc=</latexit>

75t LAr		
+	

Magnetized	HPgTPC

Assume	Prong	I

A. Bross	
12/3/2018	
PONDD

Design Mode µ+µ� trident e+e� trident ⌫ � e scattering POTs/year

62.4 GeV p+
⌫ 36.5 92.7 7670 1.83⇥ 1021

⌫ 27.3 73.4 4620 1.83⇥ 1021

80 GeV p+
⌫ 42.0 102 8380 1.4⇥ 1021

⌫ 33.0 84.3 5320 1.4⇥ 1021

120 GeV p+
⌫ 47.6 110 8930 1.1⇥ 1021

⌫ 40.7 97.6 6450 1.1⇥ 1021

⌫⌧ app optm
⌫ 210 321 24900 1.1⇥ 1021

⌫ 156 243 14700 1.1⇥ 1021
<latexit sha1_base64="K0r3W+6FTJOCiWPhO/uTPHd3V7s="></latexit>

Higher	energy	neutrinos!
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Smiting New Physics 

�1
<latexit sha1_base64="pCuQTeiB4qHwOuVUBDsi8bTAPRg=">AAACA3icjVDLSgMxFL1TX7W+qi7dBIvgqsxoQZdFNy4r2Ae0Q8mkmTY2jyHJFMrQpXu3+gvuxK0f4h/4GaaPhRYFDwQO59zDvTlRwpmxvv/h5VZW19Y38puFre2d3b3i/kHDqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ2vp35zRLVhSt7ZcUJDgfuSxYxg66RGhwxYN+gWS0HZnwH9TUqwQK1b/Oz0FEkFlZZwbEw78BMbZlhbRjidFDqpoQkmQ9ynbUclFtSE2ezaCTpxSg/FSrsnLZqp3xMZFsaMReQmBbYDs+xNxV89gfVIueTSfhtfhhmTSWqpJPP1ccqRVWhaCOoxTYnlY0cw0cz9AJEB1phYV1vhf9U0zsrBedm/rZSqV4uS8nAEx3AKAVxAFW6gBnUgcA+P8ATP3oP34r16b/PRnLfIHMIPeO9fHgSYVA==</latexit>

Z 0
<latexit sha1_base64="wQ47WBZkMChZjcly30OavsFsRn4=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYCJ4Cru56DHoxWME8yDJGmYnvcmQmdllZlYIIX/hxYMiXv0bb/6Nk8dBRcGChqKqm+6uKBXcWN//8FZW19Y3NnNb+e2d3b39wsFhwySZZlhniUh0K6IGBVdYt9wKbKUaqYwENqPR1cxv3qM2PFG3dpxiKOlA8Zgzap3ULrXvuqnmEku9QjEo+3OQv0kRlqj1Cu/dfsIyicoyQY3pBH5qwwnVljOB03w3M5hSNqID7DiqqEQTTuYXT8mpU/okTrQrZclc/ToxodKYsYxcp6R2aH56M/E3r5PZ+CKccJVmFhVbLIozQWxCZu+TPtfIrBg7Qpnm7lbChlRTZl1I+f+F0KiUA78c3FSK1ctlHDk4hhM4gwDOoQrXUIM6MFDwAE/w7Bnv0XvxXhetK95y5gi+wXv7BNNokFg=</latexit><latexit sha1_base64="wQ47WBZkMChZjcly30OavsFsRn4=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYCJ4Cru56DHoxWME8yDJGmYnvcmQmdllZlYIIX/hxYMiXv0bb/6Nk8dBRcGChqKqm+6uKBXcWN//8FZW19Y3NnNb+e2d3b39wsFhwySZZlhniUh0K6IGBVdYt9wKbKUaqYwENqPR1cxv3qM2PFG3dpxiKOlA8Zgzap3ULrXvuqnmEku9QjEo+3OQv0kRlqj1Cu/dfsIyicoyQY3pBH5qwwnVljOB03w3M5hSNqID7DiqqEQTTuYXT8mpU/okTrQrZclc/ToxodKYsYxcp6R2aH56M/E3r5PZ+CKccJVmFhVbLIozQWxCZu+TPtfIrBg7Qpnm7lbChlRTZl1I+f+F0KiUA78c3FSK1ctlHDk4hhM4gwDOoQrXUIM6MFDwAE/w7Bnv0XvxXhetK95y5gi+wXv7BNNokFg=</latexit><latexit sha1_base64="wQ47WBZkMChZjcly30OavsFsRn4=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYCJ4Cru56DHoxWME8yDJGmYnvcmQmdllZlYIIX/hxYMiXv0bb/6Nk8dBRcGChqKqm+6uKBXcWN//8FZW19Y3NnNb+e2d3b39wsFhwySZZlhniUh0K6IGBVdYt9wKbKUaqYwENqPR1cxv3qM2PFG3dpxiKOlA8Zgzap3ULrXvuqnmEku9QjEo+3OQv0kRlqj1Cu/dfsIyicoyQY3pBH5qwwnVljOB03w3M5hSNqID7DiqqEQTTuYXT8mpU/okTrQrZclc/ToxodKYsYxcp6R2aH56M/E3r5PZ+CKccJVmFhVbLIozQWxCZu+TPtfIrBg7Qpnm7lbChlRTZl1I+f+F0KiUA78c3FSK1ctlHDk4hhM4gwDOoQrXUIM6MFDwAE/w7Bnv0XvxXhetK95y5gi+wXv7BNNokFg=</latexit><latexit sha1_base64="wQ47WBZkMChZjcly30OavsFsRn4=">AAAB8XicjVDLSgNBEOz1GeMr6tHLYCJ4Cru56DHoxWME8yDJGmYnvcmQmdllZlYIIX/hxYMiXv0bb/6Nk8dBRcGChqKqm+6uKBXcWN//8FZW19Y3NnNb+e2d3b39wsFhwySZZlhniUh0K6IGBVdYt9wKbKUaqYwENqPR1cxv3qM2PFG3dpxiKOlA8Zgzap3ULrXvuqnmEku9QjEo+3OQv0kRlqj1Cu/dfsIyicoyQY3pBH5qwwnVljOB03w3M5hSNqID7DiqqEQTTuYXT8mpU/okTrQrZclc/ToxodKYsYxcp6R2aH56M/E3r5PZ+CKccJVmFhVbLIozQWxCZu+TPtfIrBg7Qpnm7lbChlRTZl1I+f+F0KiUA78c3FSK1ctlHDk4hhM4gwDOoQrXUIM6MFDwAE/w7Bnv0XvxXhetK95y5gi+wXv7BNNokFg=</latexit>

⌫D
<latexit sha1_base64="vSg5DUVSGnDDZhk9SwL6emQL1VE=">AAACAnicjVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiLlxWcGqhHUomzbSheQxJplCG7ty71V9wJ279Ef/AzzB9LLQoeCBwOOce7s2JU86M9f0Pr7C0vLK6VlwvbWxube+Ud/caRmWa0JAornQzxoZyJmlomeW0mWqKRczpfTy4mvj3Q6oNU/LOjlIaCdyTLGEEWyeFbZl1rjvlSlD1p0B/kwrMUe+UP9tdRTJBpSUcG9MK/NRGOdaWEU7HpXZmaIrJAPdoy1GJBTVRPj12jI6c0kWJ0u5Ji6bq90SOhTEjEbtJgW3fLHoT8VdPYD1ULrmw3yYXUc5kmlkqyWx9knFkFZr0gbpMU2L5yBFMNHM/QKSPNSbWtVb6XzWNk2pwWvVvzyq1y3lJRTiAQziGAM6hBjdQhxAIMHiEJ3j2HrwX79V7m40WvHlmH37Ae/8Ck+mYDA==</latexit>

�2
<latexit sha1_base64="mBIgc1rEXuOfQW2zdF9+PAFNq0o=">AAACA3icjVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ae0Q8mkmTY2jyHJFMrQpXu3+gvuxK0f4h/4GaaPhRYFDwQO59zDvTlRwpmxvv/h5VZW19Y38puFre2d3b3i/kHDqFQTWieKK92KsKGcSVq3zHLaSjTFIuK0GQ2vp35zRLVhSt7ZcUJDgfuSxYxg66RGhwxYt9ItloKyPwP6m5RggVq3+NnpKZIKKi3h2Jh24Cc2zLC2jHA6KXRSQxNMhrhP245KLKgJs9m1E3TilB6KlXZPWjRTvycyLIwZi8hNCmwHZtmbir96AuuRcsml/Ta+DDMmk9RSSebr45Qjq9C0ENRjmhLLx45gopn7ASIDrDGxrrbC/6ppVMrBWdm/PS9VrxYl5eEIjuEUAriAKtxADepA4B4e4QmevQfvxXv13uajOW+ROYQf8N6/AB+emFU=</latexit>
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Leptophilic	Z’
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B, Le, Lµ, L⌧
<latexit sha1_base64="rIITy670+hmejrgnr/a9HLQiU/w="></latexit><latexit sha1_base64="rIITy670+hmejrgnr/a9HLQiU/w="></latexit><latexit sha1_base64="rIITy670+hmejrgnr/a9HLQiU/w="></latexit><latexit sha1_base64="rIITy670+hmejrgnr/a9HLQiU/w="></latexit>

Accident tree-level symmetries of the SM 
(      , approx symmetry with massive neutrinos) L↵

<latexit sha1_base64="fg9oDKCMSd3kb6Kswm+mQddBsdY="></latexit><latexit sha1_base64="fg9oDKCMSd3kb6Kswm+mQddBsdY="></latexit><latexit sha1_base64="fg9oDKCMSd3kb6Kswm+mQddBsdY="></latexit><latexit sha1_base64="fg9oDKCMSd3kb6Kswm+mQddBsdY="></latexit>

Without extra particle content, 

is anomaly-free in the SM.
L↵ � L� , (↵ 6= �)

<latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit><latexit sha1_base64="1R9stzylBDvHh3ZwzAahl03fIh0="></latexit>

Promote it to an abelian gauge symmetry 

SU(3)c ⇥ SU(2)L ⇥U(1)Y ⇥U(1)L↵�L�
<latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit><latexit sha1_base64="xgu2wPPha/7rrFNclMTxzW2GCGk="></latexit>

For	updated	bounds	see	M.	Bauer	et	al,	arXiv:1803.05466
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Kinetic	mixing
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"(q2) = �3eg0

4⇡2

Z 1

0
dxx(1� x) ln

m

2
⌧ � x(1� x)q2

m

2
µ � x(1� x)q2

. (1)
<latexit sha1_base64="eIdxHo4c+Pkw5D4qAhCnAd1DSvE="></latexit><latexit sha1_base64="eIdxHo4c+Pkw5D4qAhCnAd1DSvE="></latexit><latexit sha1_base64="eIdxHo4c+Pkw5D4qAhCnAd1DSvE="></latexit>

L
mix

= � "
2

F⇢F 0⇢
<latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit><latexit sha1_base64="cquEvXH2JH7tvaQt5izgOIDRcS0="></latexit>

Kinetic mixing term allowed by the symmetries

We	assume	this	term	is	not	present	at	tree	level,	but…always	generate	it,	even	if	at	1-loop:

“Pessimistic”	scenario	to	probe	these	models	—	coupling	to	hypercharged	particles	at	1-loop.	
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																	model	

SM ⇥
<latexit sha1_base64="oRovmQ7JRbVP2VzLMysrcjr4q+Q=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFQsugjY0Q0XzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8c3M7zwxbbiSjzBJWBCToeQRpwSs5D/c4WoPeMxMtV+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJHZLkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQUZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q7XvIuae1+vNK7zOIroBJ2ic+ShS9RAt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz8JqZBu</latexit>

Le � Lµ
<latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit>

U(1)Le�Lµ
<latexit sha1_base64="g2wnbIzmxYojpZwLKD8FQE/KClQ=">AAAB/XicbVC7TgJBFJ3FF+JrfXQ2E8EEC8kuFloSbSwoMHGBBDab2WGACTOzm5lZE9wQf8XGQmNs/Q87/8YBtlDwJDc5Oefe3HtPGDOqtON8W7mV1bX1jfxmYWt7Z3fP3j9oqiiRmHg4YpFsh0gRRgXxNNWMtGNJEA8ZaYWjm6nfeiBS0Ujc63FMfI4GgvYpRtpIgX1U8sruWZDWAwLPYT3o8mRSCuyiU3FmgMvEzUgRZGgE9le3F+GEE6ExQ0p1XCfWfoqkppiRSaGbKBIjPEID0jFUIE6Un86un8BTo/RgP5KmhIYz9fdEirhSYx6aTo70UC16U/E/r5Po/pWfUhEnmgg8X9RPGNQRnEYBe1QSrNnYEIQlNbdCPEQSYW0CK5gQ3MWXl0mzWnEvKs5dtVi7zuLIg2NwAsrABZegBm5BA3gAg0fwDF7Bm/VkvVjv1se8NWdlM4fgD6zPH3wPk08=</latexit>

Admittedly	not	so	motivated,	but	good	benchmark	model	for	NSI	on	electrons	
(see	also	long-range	matter	potentials	for	neutrinos)

M.	Bauer	et	al,	arXiv:1803.05466
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Minimal	anomaly-free	extension	that:	
—	can	explain	the	muon	(g-2)	discrepancy.	
—	contains	lepton	non-universality	(can	be	related	to	b	anomalies)	
—	compatible	with	neutrino	oscillation	data!

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>

																	model	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>

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>

SM ⇥
<latexit sha1_base64="oRovmQ7JRbVP2VzLMysrcjr4q+Q=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFQsugjY0Q0XzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8c3M7zwxbbiSjzBJWBCToeQRpwSs5D/c4WoPeMxMtV+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJHZLkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQUZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q7XvIuae1+vNK7zOIroBJ2ic+ShS9RAt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz8JqZBu</latexit>

The	model	that	revived	the	interest	in	dimuon	tridents	

W.	Altmannshoffer	et	al,	PRL113(2014)091801
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Minimal	anomaly-free	extension	that:	
—	can	explain	the	muon	(g-2)	discrepancy.	
—	contains	lepton	non-universality	(easily	related	to	flavour	anomalies)	
—	allows	to	reproduce	neutrino	mixing	data

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>

																	model	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>

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>

SM ⇥
<latexit sha1_base64="oRovmQ7JRbVP2VzLMysrcjr4q+Q=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFQsugjY0Q0XzA5Qh7m71kyd7usTsnhCM/w8ZCEVt/jZ3/xk1yhSY+GHi8N8PMvDAR3IDrfjuFtfWNza3idmlnd2//oHx41DYq1ZS1qBJKd0NimOCStYCDYN1EMxKHgnXC8c3M7zwxbbiSjzBJWBCToeQRpwSs5D/c4WoPeMxMtV+uuDV3DrxKvJxUUI5mv/zVGyiaxkwCFcQY33MTCDKigVPBpqVealhC6JgMmW+pJHZLkM1PnuIzqwxwpLQtCXiu/p7ISGzMJA5tZ0xgZJa9mfif56cQXQUZl0kKTNLFoigVGBSe/Y8HXDMKYmIJoZrbWzEdEU0o2JRKNgRv+eVV0q7XvIuae1+vNK7zOIroBJ2ic+ShS9RAt6iJWogihZ7RK3pzwHlx3p2PRWvByWeO0R84nz8JqZBu</latexit>

M.	Bauer	et	al,	arXiv:1803.05466
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⌫↵⌫↵

Z 0

e�
<latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit>

e�
<latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit><latexit sha1_base64="LdUcmkQyJsNmthhIYt+D1Tqd0m4=">AAACIXicdVDLSgMxFM34qLW+Wl26CbaCGyXTonVZdOOyglWhrZLJ3GlDM5khuSOU4je41bVf407ciT9j+hBU9EDgcM595QSpkhYZe/fm5hcWc0v55cLK6tr6RrG0eWmTzAhoiUQl5jrgFpTU0EKJCq5TAzwOFFwFg9Oxf3UHxspEX+AwhW7Me1pGUnB0UqsCN/uV22KZHbD6UfXYp46wao3VHfFZzWeH1HfKGGUyQ/O25OU6YSKyGDQKxa1t+yzF7ogblELBfaGTWUi5GPAetB3VPAbbHU2uvae7TglplBj3NNKJ+r1jxGNrh3HgKmOOffvbG4t/ee0Mo+PuSOo0Q9BiuijKFMWEjr9OQ2lAoBo6woWR7lYq+txwgS6gH1vS/tBKYd0I2pxSGhhOuQ7pAJDqBCfxFVxyX/HQ/8ll1WV54J9Xy42TWYZ5sk12yB7xSZ00yBlpkhYRRJIH8kievGfvxXv13qalc96sZ4v8gPfxCfUgoak=</latexit>
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<latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit><latexit sha1_base64="1RhVHexhsxa5wFfzViqBt3v4RxM="></latexit>

Realistic	thresholds	of	600	MeV		
in	order	to	reject	backgrounds	with		

E	theta^2	cut
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<latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit><latexit sha1_base64="5jFeqKKXfk8XHZHPasV4zrnuo3g="></latexit>

Interference	term	is	always	positive	(constructive)	for								,	and	negative	(destructive)	for									.⌫µ
<latexit sha1_base64="JELRD/BahU8uCe3GFVi5e83kHzo=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCTaWGIioOEuZG/Zgw27e5f9MCGEX2FjoTG2/hw7/40LXKHgSyZ5eW8mM/PijDNtfP/bK6ytb2xuFbdLO7t7+wflw6O2Tq0itEVSnqqHGGvKmaQtwwynD5miWMScduLRzczvPFGlWSrvzTijkcADyRJGsHHSYzWUthcKW+2VK37NnwOtkiAnFcjR7JW/wn5KrKDSEI617gZ+ZqIJVoYRTqel0GqaYTLCA9p1VGJBdTSZHzxFZ07poyRVrqRBc/X3xAQLrccidp0Cm6Fe9mbif17XmuQqmjCZWUMlWSxKLEcmRbPvUZ8pSgwfO4KJYu5WRIZYYWJcRiUXQrD88ipp12vBRc2/q1ca13kcRTiBUziHAC6hAbfQhBYQEPAMr/DmKe/Fe/c+Fq0FL585hj/wPn8AJwWP+A==</latexit>

⌫µ
<latexit sha1_base64="vFGOzltgfz7bBEgTmIEE42sRidA=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wVZwVZK60GXRjcsK9gFNCJPptB06jzAPoYbir7hxoYhb/8Odf+OkzUJbDwwczrmHe+ckKSVK+/63s7K6tr6xWdoqb+/s7u27B4dtJYxEuIUEFbKbQIUp4biliaa4m0oMWUJxJxnf5H7nAUtFBL/XkxRHDA45GRAEtZVi97gaCuvn8SzkZhqHzFRjt+LX/Bm8ZRIUpAIKNGP3K+wLZBjmGlGoVC/wUx1lUGqCKJ6WQ6NwCtEYDnHPUg4ZVlE2u37qnVml7w2EtI9rb6b+TmSQKTVhiZ1kUI/UopeL/3k9owdXUUZ4ajTmaL5oYKinhZdX4fWJxEjTiSUQSWJv9dAISoi0LaxsSwgWv7xM2vVacFHz7+qVxnVRRwmcgFNwDgJwCRrgFjRBCyDwCJ7BK3hznpwX5935mI+uOEXmCPyB8/kDm6eVTw==</latexit>

Chris	Marshall	
Fermilab	ND	workshop	

28	March,	2017
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⌫↵
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(negligible)
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⌫↵⌫↵

A

Z 0

Lµ � L⌧
<latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit>

Bethe-Heitler: Dark-Brems.:

Le � Lµ
<latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit><latexit sha1_base64="PqjEjlEeCzz1hGAdE4h0Xo/Z8Tk="></latexit>
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A

⌫↵
⌫↵

Z 0

Z
(negligible)
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�

⌫↵⌫↵

A

Z 0

Lµ � L⌧
<latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit><latexit sha1_base64="SQt3YlYTy+1cDjFazZOcgxlv+Po="></latexit>

Bethe-Heitler: Dark-Brems.:

10 MeV

100 MeV

g0 = 5.8⇥ 10�4
<latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit><latexit sha1_base64="o4fmZGydbswCy80hETTg0b8VIo0=">AAACCHicdVDJSgNBEK2JW4zbqEcPNiaCF8NMUMxFCHrxGMEskJmEnk5P0qRnobtHCEOOXvwVLx4U8eonePNv7CxC3B4UPN6roqqeF3MmlWV9GJmFxaXllexqbm19Y3PL3N6pyygRhNZIxCPR9LCknIW0ppjitBkLigOP04Y3uBz7jVsqJIvCGzWMqRvgXsh8RrDSUsfcL/TaTixYQNE5Oi2WkaM0l8i22unxyajQMfN20ZoAWb/Il5WHGaod893pRiQJaKgIx1K2bCtWboqFYoTTUc5JJI0xGeAebWkaYr3NTSePjNChVrrIj4SuUKGJOj+R4kDKYeDpzgCrvvzpjcW/vFai/LKbsjBOFA3JdJGfcKQiNE4FdZmgRPGhJpgIpm9FpI8FJkpnl5sP4X9SLxVtq2hfl/KVi1kcWdiDAzgCG86gAldQhRoQuIMHeIJn4954NF6M12lrxpjN7MI3GG+f57CXVA==</latexit>

g0 = 9.5⇥ 10�4
<latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit><latexit sha1_base64="fjjMcy6nMYzdajz4qX53e9OjRC8=">AAACCHicbZC7SgNBFIbPxluMt1VLCwcTwcawGxS1EII2lhHMBbKbMDuZTYbMXpiZFcKS0sZXsbFQxNZHsPNtnFwQTfxh4OM/53Dm/F7MmVSW9WVkFhaXlleyq7m19Y3NLXN7pyajRBBaJRGPRMPDknIW0qpiitNGLCgOPE7rXv96VK/fUyFZFN6pQUzdAHdD5jOClbba5n6h23JiwQKKLtFF8RQ5SrNEttVKj0+GhbaZt4rWWOgH7FnIw1SVtvnpdCKSBDRUhGMpm7YVKzfFQjHC6TDnJJLGmPRxlzY1hlhvc9PxIUN0qJ0O8iOhX6jQ2P09keJAykHg6c4Aq56crY3M/2rNRPnnbsrCOFE0JJNFfsKRitAoFdRhghLFBxowEUz/FZEeFpgonV1OhzB38jzUSkXbKtq3pXz5ahpHFvbgAI7AhjMoww1UoAoEHuAJXuDVeDSejTfjfdKaMaYzu/BHxsc36TqXVQ==</latexit>

µµ
<latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit><latexit sha1_base64="17XEheQS6tyz6fOJAAUHI/Cm2/4=">AAAB73icbVC7TgJBFL2LL8QXamkzEUysyC6NlkQbS0zkkcCGzA6zMGFmdp2HCdnwEzYWGmPr79j5Nw6whYInM8nJOffm3nuilDNtfP/bK2xsbm3vFHdLe/sHh0fl45O2TqwitEUSnqhuhDXlTNKWYYbTbqooFhGnnWhyO/c7T1RplsgHM01pKPBIspgRbJzUrfaFda86KFf8mr8AWidBTiqQozkof/WHCbGCSkM41roX+KkJM6wMI5zOSn2raYrJBI9oz1GJBdVhtth3hi6cMkRxotyXBi3U3x0ZFlpPReQqBTZjverNxf+8njXxdZgxmVpDJVkOii1HJkHz49GQKUoMnzqCiWJuV0TGWGFiXEQlF0KwevI6addrgV8L7uuVxk0eRxHO4BwuIYAraMAdNKEFBDg8wyu8eY/ei/fufSxLC17ecwp/4H3+AGz2j4w=</latexit>

R	=	BSM/SM	

Y.	Kaneta	et	al,		PTEP 2017 (2017) no.5, 053B04

Measurement	at	low	energies	
more	sensitive

BSM	tridents
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Le � Lµ
<latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit>

P.	Ballett	et	al,	arXiv:1902.08579

No	backgrounds,	but	kin.	cuts	on	the	trident	signal.	

5%	normalization	sys	is	optimistic	—	can	rely	on	low-nu	technique.
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Le � Lµ
<latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit><latexit sha1_base64="aQHbH+zRpMmtzv6dX+sqygOVXfI=">AAACJ3icjVC7TgJBFJ1FRcQXaGkzEUxsJLs0WhJtLCgwkUcChMwOF5gwO7OZuWtCCJ9hq7VfY2e09E8cHoUYTTzJTU7Oua+cMJbCou9/eKmNza30dmYnu7u3f3CYyx81rE4MhzrXUptWyCxIoaCOAiW0YgMsCiU0w/HN3G8+gLFCq3ucxNCN2FCJgeAMndQuVntwUe11oqTYyxWCkr8A/ZsUyAq1Xt5Ld/qaJxEo5JJZ2w78GLtTZlBwCbNsJ7EQMz5mQ2g7qlgEtjtd/DyjZ07p04E2rhTShfp9YsoiaydR6DojhiP705uLv3ntBAdX3alQcYKg+PLQIJEUNZ0HQPvCAEc5cYRxI9yvlI+YYRxdTGtX4tHECm7dClpbUhoaRpnq0zEgVRoXIWb/l1yjXAr8UnBXLlSuVxlmyAk5JeckIJekQm5JjdQJJ5o8kify7L14r96b975sTXmrmWOyBu/zC2lvo/A=</latexit>

P.	Ballett	et	al,	arXiv:1902.08579

10�2 10�1 100 101

MZ0 (GeV)

10�6

10�5

10�4

10�3

10�2

g0

Le � Lµ, multiple �norm, DUNE 120 GeV p+

⌫ � e scatt. 90% C.L.
�� = 1%

�� = 5%

�� = 10%



M. Hostert

																			at	DUNE

27

P.	Ballett	et	al,	arXiv:1902.08579

No	backgrounds,	but	kin.	cuts	on	signal,	eg.
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✓µµ < 20�
<latexit sha1_base64="AxDt+L4267n9jcLDNe3/s4e2sXI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmqoAsXRTcuK9gHNDFMptN26GQSZm6EEgpu/BU3LhRx60+482+ctllo6+FeOJxzLzP3hIngGhzn2yosLa+srhXXSxubW9s79u5eU8epoqxBYxGrdkg0E1yyBnAQrJ0oRqJQsFY4vJ74rQemNI/lHYwS5kekL3mPUwJGCuwDDwYMSJB5UWpqjC9x1bn3KFc0sMtOxZkCLxI3J2WUox7YX143pmnEJFBBtO64TgJ+RhRwKti45KWaJYQOSZ91DJUkYtrPpjeM8bFRurgXK9MS8FT9vZGRSOtRFJrJiMBAz3sT8T+vk0Lvws+4TFJgks4e6qUCQ4wngeAuV4yCGBlCqOLmr5gOiCIUTGwlE4I7f/IiaVYr7mnFuT0r167yOIroEB2hE+Sic1RDN6iOGoiiR/SMXtGb9WS9WO/Wx2y0YOU7++gPrM8fJyuXLw==</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>
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P.	Ballett	et	al,	arXiv:1902.08579

Lµ � L⌧
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…	but	BSM													signatures	still	predicted	by	many	models.

E.	Bertuzzo	et	al,	PRL121.241801 
P.	Ballett	et	al,	PRD 99,071701(R)

New	forces	that	talk	directly	to	electrons	more	directly	probed	by	
neutrino-electron	scattering	data…

Dark	neutrinos	(U’(1) charged	heavy	neutrinos)	
—	MiniBooNE	explanations	
—	Neutrino	mass	generation	at	low	scales

Light	DM	(and	Inelastic	DM)	
—	produced	in	the	beam		
—	scattering	or	decay	signature	

A.	de	Gouvea	et	al,	JHEP1901(2019)001
E.	Izaguirre,	PRD96(2017)no.5, 055007
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<latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit>

�
<latexit sha1_base64="KkelpDrsgVEj8vpklG46VkmeBmk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9C6b7sNVo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwBkjjQ=</latexit>

�
<latexit sha1_base64="KkelpDrsgVEj8vpklG46VkmeBmk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9C6b7sNVo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwBkjjQ=</latexit>

�
<latexit sha1_base64="KkelpDrsgVEj8vpklG46VkmeBmk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDUnERvWG23QLoFXilaQBJdqj+tdwHJNUUGkIx1oPPDcxfoaVYYTTeW2YappgMsUTOrBUYkG1nxW3ztGZVcYojJUtaVCh/p7IsNB6JgLbKbCJ9LKXi/95g9SEN37GZJIaKsliUZhyZGKUP47GTFFi+MwSTBSztyISYYWJsfHUbAje8surpHvR9C6b7sNVo3VbxlGFEziFc/DgGlpwD23oAIEInuEV3hzhvDjvzseiteKUM8fwB87nDwBkjjQ=</latexit>

e+e�
<latexit sha1_base64="wIflm767bBgG3BQCa70N+u8IgD4=">AAAB73icbVDLSgNBEOz1GeMr6tHLYCIIYtiNBz0GvXiMYB6QbMLspDcZMvtwZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprvLiwVX2ra/rZXVtfWNzdxWfntnd2+/cHDYUFEiGdZZJCLZ8qhCwUOsa64FtmKJNPAENr3R7dRvPqFUPAof9DhGN6CDkPucUW2kVgm759i9KPUKRbtsz0CWiZORImSo9QpfnX7EkgBDzQRVqu3YsXZTKjVnAif5TqIwpmxEB9g2NKQBKjed3Tshp0bpEz+SpkJNZurviZQGSo0Dz3QGVA/VojcV//Paifav3ZSHcaIxZPNFfiKIjsj0edLnEpkWY0Mok9zcStiQSsq0iShvQnAWX14mjUrZuSzb95Vi9SaLIwfHcAJn4MAVVOEOalAHBgKe4RXerEfrxXq3PuatK1Y2cwR/YH3+AHyRjvA=</latexit>

Talks	by	S.	Jana	and	C.	Argüelles 	Don’t	see	A.	de	Gouvea's	talk
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A	light	dark	neutrino	sector
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P.	Ballett,	MH,	S.	Pascoli,	1903.07589 
P.	Ballett,	MH,	S.	Pascoli,	PRD99,091701(R)

Dark	neutrinos	(U’(1) charged	heavy	neutrinos)	
—	MiniBooNE	explanations	
—	Neutrino	mass	generation	at	low	scales
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Z 0

Z 0

e+
<latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit>

⌫4
<latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit><latexit sha1_base64="5onBd/9VBD9LsIhujsyWEWtEKqk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FipU+3LdHBVHZQrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwhs/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddKu1zy35j3UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AFDgI7Y</latexit>
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<latexit sha1_base64="d/tVzPkl8o8sLO0Zab45QMydTQE="></latexit>

⌫5
<latexit sha1_base64="qvwQRrNTXZMm2v+VUdWR2nkTJjA=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVbwVJKK6LHoxWMF+wFtKJvtpF262YTdjVBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqV3oy7V9V+qWyW3XnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/Nzp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MbPuExSg5ItFoWpICYms9/JgCtkRkwsoUxxeythI6ooMzahog3BW355lbRqVe+y6j7UyvXbPI4CnMIZXIAH11CHe2hAExiM4Rle4c1JnBfn3flYtK45+cwJ/IHz+QNFr47b</latexit>

.
.
.

Explains	“Minimal”	radiative	ISS	texture

Z ,Z 0
<latexit sha1_base64="NtjLd9toLoBT6SCcBoDvc4EqZLE="></latexit>

Z 0

e+
<latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit><latexit sha1_base64="T4LTlMviL/ldRE0FiF7cbXNQBEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCIJSkFz0WvXisYGqhjWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWMlv4qPF9VeueLW3DnIKvFyUoEczV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRVTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0qrXPLfm3dUrjes8jiKcwCmcgweX0IBbaIIPDDg8wyu8OdJ5cd6dj0VrwclnjuEPnM8fm/GN4A==</latexit>

e�
<latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit>

⌫↵

e�
<latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit><latexit sha1_base64="/8pQvhuFSwwoIw+KJDz+P2POyRk=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5jYSO5otCTaWGLiIQmcZG+Zgw17e5fdPRNC+A02Fhpj6w+y89+4wBUKvmSSl/dmMjMvTAXXxnW/ncLa+sbmVnG7tLO7t39QPjxq6SRTDH2WiES1Q6pRcIm+4UZgO1VI41DgQzi6mfkPT6g0T+S9GacYxHQgecQZNVbyq/h4Ue2VK27NnYOsEi8nFcjR7JW/uv2EZTFKwwTVuuO5qQkmVBnOBE5L3UxjStmIDrBjqaQx6mAyP3ZKzqzSJ1GibElD5urviQmNtR7Hoe2MqRnqZW8m/ud1MhNdBRMu08ygZItFUSaIScjsc9LnCpkRY0soU9zeStiQKsqMzadkQ/CWX14lrXrNc2veXb3SuM7jKMIJnMI5eHAJDbiFJvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwBnvuN4g==</latexit>

P.S.	Bhupal	Dev	et	al,	arXiv:1209.4051
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Conclusions

We	have	a	chance	to	return	to	rare	neutrino	scattering	physics	with	DUNE
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Conclusions

Leptophilic	Z’s	a	clear	target	—	study	clean	leptonic	scattering	cross	sections		
(nu-e	and	trident	are	not	statistically	limited!)

We	have	a	chance	to	return	to	rare	neutrino	scattering	physics	with	DUNE
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Conclusions

Leptophilic	Z’s	a	clear	target	—	study	clean	leptonic	scattering	cross	sections		
(nu-e	and	trident	are	not	statistically	limited!)

We	have	a	chance	to	return	to	rare	neutrino	scattering	physics	with	DUNE

Improvement	on	Le-Lmu	requires	to	do	better	at	flux	systematics.	
Lmu-Ltau	is	promising.	but	relies	on	bkg	rejection.
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Conclusions

Leptophilic	Z’s	a	clear	target	—	study	clean	leptonic	scattering	cross	sections		
(nu-e	and	trident	are	not	statistically	limited!)

We	have	a	chance	to	return	to	rare	neutrino	scattering	physics	with	DUNE

Beyond	tridents,	what	else	are	neutrinos	doing	at	the		
per	mille	of	a	per	mille	level	of	CCQE?

Improvement	on	Le-Lmu	requires	to	do	better	at	flux	systematics.	
Lmu-Ltau	is	promising.	but	relies	on	bkg	rejection.
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Questions

Neutrino-electron	scattering		
- how	large	are	backgrounds	at	low	recoil	energies	E	<	600	MeV?	
- Flux	uncertainties:	can	we	expect	improvements	at	accelerator	experiments?		
- If	B-L,	no	low-nu	technique	to	rely	on.	

Dimuon	tridents	
- Limited	by	backgrounds	—	alternative:	use	HPgTPC	as	it	provides	better	PID?		
- Do	we	need	to	wait	for	DUNE?	—	Searches	at	MINERvA,	MINOS	or	SBND?

Dielectron	tridents	
- Also	use	HPgTPC?	—	pi0s are	not	a	problem	there!	Magnetized!	
- Clear	SM	search/measurement	provides	bounds	for	a	plethora	of	dark	models		
- eg.	dark	…………	(photon,	neutrinos,	scalars,	matter)

Le-Lmu		
- Matter	effects	vs	scattering.	
- Improvements	from	reactor	nu-e	measurements	



THANK YOU

THANK YOU
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DUNE	fluxes

38

A. Bross — 12/3/2018 — PONDD
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Electron	angular	resolution

39

Flux	measurements	with	DUNE	ND:	ν+e	elastic	&	low-ν	
Chris	Marshall	

Fermilab	ND	workshop	
28	March,	2017
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Present

40

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

100%	efficiencies.	Detector	capability	is	the	name	of	the	game.
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Dimuon

41

�NuTeV
�SM

= 0.72+1.73
�0.72

<latexit sha1_base64="gjRu2ph3ruylD9LhWQbNDky5iuk="></latexit>

Diffractive	vector	meson	contribution.

trident Dif.	meson

NuTeV	MC

⌫
<latexit sha1_base64="6wLGnCIKaHaBvdzOV+2L+VvEUAk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh55K++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1busuve1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1+Njdk=</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>

Phys. Rev. D 61, 092001 (2000)

NuTeV	
Lab	E	detector	at	FNAL

See	discussion	in	
G.	Krnjaic, arXiv:1902.07715

Inconclusive
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Precision	physics?

42
W.	Altmannshoffer	et	al, arXiv:1902.06765

�2gA = �1 +�gAµµµµ
<latexit sha1_base64="uBMEi4d/DXYFrhAtiTl36Pwgzjw=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiCtCRV0I3QqguXFewDmhgm00k7dDIJMxOhhP6BG3/FjQtF3Lp15984bYNo6+FeOJxzLzP3+DGjUlnWlzE3v7C4tJxbya+urW9smlvbDRklApM6jlgkWj6ShFFO6ooqRlqxICj0GWn6/cuR37wnQtKI36pBTNwQdTkNKEZKS555UCzDrleF57BoH0HnijCFYPeu6qVOmPzU0DMLVskaA84SOyMFkKHmmZ9OJ8JJSLjCDEnZtq1YuSkSimJGhnknkSRGuI+6pK0pRyGRbjq+Zwj3tdKBQSR0cwXH6u+NFIVSDkJfT4ZI9eS0NxL/89qJCs7clPI4UYTjyUNBwqCK4Cgc2KGCYMUGmiAsqP4rxD0kEFY6wrwOwZ4+eZY0yiX7uGTdnBQqF1kcObAL9sAhsMEpqIBrUAN1gMEDeAIv4NV4NJ6NN+N9MjpnZDs74A+Mj2+WFZqQ</latexit>

2gV = 1 + 4 sin2 ✓W +�gVµµµµ
<latexit sha1_base64="eHlH7+/CMfw2pI3bBETqtzKYijQ=">AAACInicbVBNSwMxEM36bf2qevQSLIIglN0qqAdB1INHBfsB3XbJptM2mM0uyaxQlv4WL/4VLx4U9ST4Y0xrEW19zMDjvRmSeWEihUHX/XCmpmdm5+YXFnNLyyura/n1jYqJU82hzGMZ61rIDEihoIwCJdQSDSwKJVTD2/OBX70DbUSsbrCXQCNiHSXagjO0UpA/LtFOUKEn1KN79ID6RqhmifrYBWRB1Wr+BUhktNOsBJkfpT/VD/IFt+gOQSeJNyIFMsJVkH/zWzFPI1DIJTOm7rkJNjKmUXAJ/ZyfGkgYv2UdqFuqWASmkQ1P7NMdq7RoO9a2FdKh+nsjY5ExvSi0kxHDrhn3BuJ/Xj3F9lEjEypJERT/fqidSooxHeRFW0IDR9mzhHEt7F8p7zLNONpUczYEb/zkSVIpFb39ont9UDg9G8WxQLbINtklHjkkp+SSXJEy4eSePJJn8uI8OE/Oq/P+PTrljHY2yR84n1/A4qF7</latexit>
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Tight	kin.	cuts	(eg.																).	Reducing	pion	misID	can	loosen	it

DUNE

43

W.	Altmannshoffer	et	al, arXiv:1902.06765

Backgrounds:																												per	year,	25%	measurement	in	~	6.5	years.		

✓µµ < 5�
<latexit sha1_base64="tkIJCCeERoFZ46VacI6ecrM8Xe8=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyXxgS5cFN24rGAf0MQwmU7aoTNJmLkRSihu/BU3LhRx61e482+cPhbaergXDufcy8w9YSq4Bsf5tgoLi0vLK8XV0tr6xuaWvb3T0EmmKKvTRCSqFRLNBI9ZHTgI1koVIzIUrBn2r0d+84EpzZP4DgYp8yXpxjzilICRAnvPgx4DEuSezEwN8SU+u/coVzSwy07FGQPPE3dKymiKWmB/eZ2EZpLFQAXRuu06Kfg5UcCpYMOSl2mWEtonXdY2NCaSaT8fnzDEh0bp4ChRpmPAY/X3Rk6k1gMZmklJoKdnvZH4n9fOILrwcx6nGbCYTh6KMoEhwaM8cIcrRkEMDCFUcfNXTHtEEQomtZIJwZ09eZ40jivuScW5PS1Xr6ZxFNE+OkBHyEXnqIpuUA3VEUWP6Bm9ojfryXqx3q2PyWjBmu7soj+wPn8AtbSW+A==</latexit>

S/
p
B ⇠ 1.6

<latexit sha1_base64="q2QZ+oAbRm8UAtFrfM+p1e75FpU=">AAAB/HicbVDLTsMwEHTKq5RXoEcuFhUSp5AAAo5VuXAsgj6kJqoc12mt2k6wHaQoKr/ChQMIceVDuPE3uG0OUBhppdHMrnZ3woRRpV33yyotLa+srpXXKxubW9s79u5eW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wfDX1Ow9EKhqLO50lJOBoKGhEMdJG6tvV22Nf3UudNybQV5RDzznv2zXXcWeAf4lXkBoo0Ozbn/4gxiknQmOGlOp5bqKDHElNMSOTip8qkiA8RkPSM1QgTlSQz46fwEOjDGAUS1NCw5n6cyJHXKmMh6aTIz1Si95U/M/rpTq6DHIqklQTgeeLopRBHcNpEnBAJcGaZYYgLKm5FeIRkghrk1fFhOAtvvyXtE8c79Rxb85q9UYRRxnsgwNwBDxwAergGjRBC2CQgSfwAl6tR+vZerPe560lq5ipgl+wPr4BJKSTxw==</latexit>
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Atmospheric	neutrinos	in	the	game

44

Trade	off	between	#	of	events	and	BSM	enhancement.

https://gitlab.com/gesf/NuTrident_CompHEP
Code	available	at:

SF.	Ge	et	al,	PLB772(2017)164-168

Total	SM	rate	expected	in	10 years:	

7.4 (17, 63)	at	PINGU	(DeepCore,	IceCube)		
16 (23)									at	ORCA	(ARCA)



M. Hostert

New	physics	in	charge-current	channels

45

Much	harder	—	new	physics	more	easily	constrained	otherwise.	

…but	more	data	cannot	harm!

G.	Magill	et	al,	PRD97 (2018)no.5,055003 
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Standard	Model	contributions

Z	exchange		boson	lines	
—Bethe-Heitler	resembling	photon	pair	production—

W	radiation	

`��

`+�

�

⌫↵⌫↵

A

Z
<latexit sha1_base64="fQ5aqhlhPInZpd/kN1Dmx0OHpMc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68diC/cA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LejBP0IzqQPOSMGivVH3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveRcWtX5arN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDuWuM4A==</latexit>

`+�

�

⌫↵

A

W
<latexit sha1_base64="M10izMpu9rHTZzihmKUIzZFWHn8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtN+M3Q==</latexit>

`�↵
<latexit sha1_base64="RGdYwtBclL3g3X+skCD2x+92S7E=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh6DXjxGMA/IrqF30psMmX04MxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+6BQ8AgbmmuB7UQihL7Alj+8nfqtEUrF4+hBjxP0QuhHPOAMtJE8F4XouiCSATyedcsVu2rPQJeJk5MKyVHvlr/cXszSECPNBCjVcexEexlIzZnASclNFSbAhtDHjqERhKi8bHb0hJ4YpUeDWJqKNJ2pvycyCJUah77pDEEP1KI3Ff/zOqkOrr2MR0mqMWLzRUEqqI7pNAHa4xKZFmNDgElubqVsABKYNjmVTAjO4svLpHledS6q9v1lpXaTx1EkR+SYnBKHXJEauSN10iCMPJFn8krerJH1Yr1bH/PWgpXPHJI/sD5/AHZzkeM=</latexit>

⌫�
<latexit sha1_base64="YBhGkOy0+7gPhJP3nOek42Bquy0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd0/r3t3F7XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/WXJBs</latexit>

�

⌫↵

A

W
<latexit sha1_base64="M10izMpu9rHTZzihmKUIzZFWHn8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtN+M3Q==</latexit>

`�↵
<latexit sha1_base64="RGdYwtBclL3g3X+skCD2x+92S7E=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh6DXjxGMA/IrqF30psMmX04MxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+6BQ8AgbmmuB7UQihL7Alj+8nfqtEUrF4+hBjxP0QuhHPOAMtJE8F4XouiCSATyedcsVu2rPQJeJk5MKyVHvlr/cXszSECPNBCjVcexEexlIzZnASclNFSbAhtDHjqERhKi8bHb0hJ4YpUeDWJqKNJ2pvycyCJUah77pDEEP1KI3Ff/zOqkOrr2MR0mqMWLzRUEqqI7pNAHa4xKZFmNDgElubqVsABKYNjmVTAjO4svLpHledS6q9v1lpXaTx1EkR+SYnBKHXJEauSN10iCMPJFn8krerJH1Yr1bH/PWgpXPHJI/sD5/AHZzkeM=</latexit>

`+�

⌫�
<latexit sha1_base64="YBhGkOy0+7gPhJP3nOek42Bquy0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd0/r3t3F7XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/WXJBs</latexit>

⌫↵ `�↵
<latexit sha1_base64="RGdYwtBclL3g3X+skCD2x+92S7E=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgxbCrgh6DXjxGMA/IrqF30psMmX04MxsIS77DiwdFvPox3vwbJ8keNLGgoajqprvLTwRX2ra/rcLK6tr6RnGztLW9s7tX3j9oqjiVDBssFrFs+6BQ8AgbmmuB7UQihL7Alj+8nfqtEUrF4+hBjxP0QuhHPOAMtJE8F4XouiCSATyedcsVu2rPQJeJk5MKyVHvlr/cXszSECPNBCjVcexEexlIzZnASclNFSbAhtDHjqERhKi8bHb0hJ4YpUeDWJqKNJ2pvycyCJUah77pDEEP1KI3Ff/zOqkOrr2MR0mqMWLzRUEqqI7pNAHa4xKZFmNDgElubqVsABKYNjmVTAjO4svLpHledS6q9v1lpXaTx1EkR+SYnBKHXJEauSN10iCMPJFn8krerJH1Yr1bH/PWgpXPHJI/sD5/AHZzkeM=</latexit>

�
A

`+�

W
<latexit sha1_base64="M10izMpu9rHTZzihmKUIzZFWHn8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtN+M3Q==</latexit>

⌫�
<latexit sha1_base64="YBhGkOy0+7gPhJP3nOek42Bquy0=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6LHoxWMFWytNKJvtpF26uwm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSjnTxvO+ndLK6tr6RnmzsrW9s7tX3T9o6yRTFFs04YnqREQjZxJbhhmOnVQhERHHh2h0M/UfnlBplsh7M04xFGQgWcwoMVZ6DGTWCyI0pFeteXVvBneZ+AWpQYFmr/oV9BOaCZSGcqJ11/dSE+ZEGUY5TipBpjEldEQG2LVUEoE6zGcHT9wTq/TdOFG2pHFn6u+JnAitxyKynYKYoV70puJ/Xjcz8VWYM5lmBiWdL4oz7prEnX7v9plCavjYEkIVs7e6dEgUocZmVLEh+IsvL5P2Wd0/r3t3F7XGdRFHGY7gGE7Bh0towC00oQUUBDzDK7w5ynlx3p2PeWvJKWYO4Q+czx/WXJBs</latexit>

W
<latexit sha1_base64="M10izMpu9rHTZzihmKUIzZFWHn8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rbuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDtN+M3Q==</latexit>

W	exchange

+			crossed	boson	
lines

Resonant	at		
high	energies

Triple	gauge	boson	coupling		
(order										)M4

W
<latexit sha1_base64="yEyxqRoO+BxSYOr+hsdhKKoafto=">AAACIXicbVBPSwJBHJ21MrN/WscuQxJ0kt0S6ih16RIYtCqoyew4q4Ozs8vMb4Nl8TN0rXOfplt0i75M47qH1B4MPN77/ZvnRYJrsO1vq7CxuVXcLu2Ud/f2Dw4r1aO2DmNFmUtDEaquRzQTXDIXOAjWjRQjgSdYx5vezv3OM1Oah/IRkogNAjKW3OeUgJHc+2HnqTGs1Oy6nQGvEycnNZSjNaxaxf4opHHAJFBBtO45dgSDlCjgVLBZuR9rFhE6JWPWM1SSgOlBml07w2dGGWE/VOZJwJn6tyMlgdZJ4JnKgMBEr3pz8T+vF4N/PUi5jGJgki4W+bHAEOL51/GIK0ZBJIYQqri5FdMJUYSCCWhpSzRJNKfajMCtBcWeIpjIEZ4ywDKELL6ySc5ZzWmdtC/qzmXdfmjUmjd5hiV0gk7ROXLQFWqiO9RCLqKIoxf0it6sd+vD+rS+FqUFK+85Rkuwfn4BSumh3A==</latexit>
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Axial-vector	mediators
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Coherent	cross	sections
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<latexit sha1_base64="3EUQBh4u8ztFPEW3EXkjzRCUXdg="></latexit><latexit sha1_base64="3EUQBh4u8ztFPEW3EXkjzRCUXdg="></latexit><latexit sha1_base64="3EUQBh4u8ztFPEW3EXkjzRCUXdg="></latexit><latexit sha1_base64="3EUQBh4u8ztFPEW3EXkjzRCUXdg="></latexit>
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Neutrino	masses	at	one-loop	level

SM													

In	general,	both	contributions	are	important,	but	if	NP	is	light,	it	dominates.

Gh , G'0
<latexit sha1_base64="muNVMud21NpCe3ZrWbhEYl0P6+8="></latexit>

Z ,Z 0
<latexit sha1_base64="NtjLd9toLoBT6SCcBoDvc4EqZLE="></latexit>

h ,'0
<latexit sha1_base64="+EdeneiuneiJo9Yn8pWeOZvD72I="></latexit>

Cik ⌘ g

4cW

⌧X

↵=e

U⇤
↵iU↵k and Dik ⌘ g0

2
U⇤
DiUDk.

<latexit sha1_base64="iNUDwHytzhsUkulnjC8sTZTJ6jQ="></latexit>

mij =
1

4⇡2

5X

k=4

h
CikCjk

m3
k

m2
Z

F (m2
k,m

2
Z ,m

2
h) +DikDjk

m3
k

m2
Z0

F (m2
k,m

2
Z0 ,m2

'0)
i
,

<latexit sha1_base64="v2PnJbbegf9srJCd6oqDL8FY0o4="></latexit>

Cik ⌘ g

4cW

⌧X

↵=e

U⇤
↵iU↵k and Dik ⌘ g0

2
U⇤
DiUDk.

<latexit sha1_base64="iNUDwHytzhsUkulnjC8sTZTJ6jQ="></latexit>

BSM
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Neutrino	masses	at	one-loop	level

If	only	SM/BSM	contribution	=>	only	one	massive	neutrino	

With	a	single	pair	of	heavy	states,	at	least	one	light	neutrino	remains	massless.

Gh , G'0
<latexit sha1_base64="muNVMud21NpCe3ZrWbhEYl0P6+8="></latexit>

Z ,Z 0
<latexit sha1_base64="NtjLd9toLoBT6SCcBoDvc4EqZLE="></latexit>

h ,'0
<latexit sha1_base64="+EdeneiuneiJo9Yn8pWeOZvD72I="></latexit>

mij =

0

@
a2 ab ac
ab b2 bc
ac bc c2

1

A+

0

@
a0 2 a0b0 a0c0

a0b0 b0 2 b0c0

a0c0 b0c0 c0 2

1

A

<latexit sha1_base64="0FQOsV5M0P04zZ844bEgzrU0nSU="></latexit>

If	both	=>	two	massive	neutrinos		(highly	predictive,	but	further	study	needed.)
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Testing	the	mechanism

51

R =
m4

m5
= �U2

↵5

U2
↵4

<latexit sha1_base64="EdHQZ1aRHcqozXvk6xamcqLkRes=">AAACJnicbVDLTgIxFO3gC/E16tJNIzFxI5lBiG5IiG5conGAhMFJp3SgofNI2zEhk/kaN/6KGxcYY9z5KXZgFgiepM2559yb9h43YlRIw/jWCmvrG5tbxe3Szu7e/oF+eNQWYcwxsXDIQt51kSCMBsSSVDLSjThBvstIxx3fZn7nmXBBw+BRTiLS99EwoB7FSCrJ0RsPsAFtjyOc+E4tVVc9VcpFrllOYiMWjRCsp0/VdKGuZbWjl42KMQNcJWZOyiBHy9Gn9iDEsU8CiRkSomcakewniEuKGUlLdixIhPAYDUlP0QD5RPST2ZopPFPKAHohVyeQcKYuTiTIF2Liu6rTR3Iklr1M/M/rxdK77ic0iGJJAjx/yIsZlCHMMoMDygmWbKIIwpyqv0I8QiofqZItqRDM5ZVXSbtaMS8rxn2t3LzJ4yiCE3AKzoEJrkAT3IEWsAAGL+ANTMGH9qq9a5/a17y1oOUzx+APtJ9fHqukXg==</latexit>

1% < R < 99%
<latexit sha1_base64="qs9torR0u+ufcHAnAL2UyZIPHVw=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8FScFUSFbTgoujGZRV7gTaUyXTSDp1MwsykUELfxI0LRdz6Ju58GydtFtr6w4GP/5zDnPn9mDOlHefbKqytb2xuFbdLO7t7+wf24VFLRYkktEkiHsmOjxXlTNCmZprTTiwpDn1O2/74Luu3J1QqFoknPY2pF+KhYAEjWBurb9su6lXQDXo0VasZ7ttlp+rMhVbBzaEMuRp9+6s3iEgSUqEJx0p1XSfWXoqlZoTTWamXKBpjMsZD2jUocEiVl84vn6GKcQYoiKQpodHc/b2R4lCpaeibyRDrkVruZeZ/vW6ig2svZSJONBVk8VCQcKQjlMWABkxSovnUACaSmVsRGWGJiTZhlUwI7vKXV6F1XnUvqs7DZbl+m8dRhBM4hTNw4QrqcA8NaAKBCTzDK7xZqfVivVsfi9GCle8cwx9Znz++LJB8</latexit>

m3 =
q

�m2
atm

<latexit sha1_base64="nRFMGyKBG8EoSkgQKw2ZNkmI4sI=">AAACC3icbVDLSsNAFJ34rPVVdelmaBFclaQVdCMUdeGygn1AE8NkOmmHziRx5kYooXs3/oobF4q49Qfc+TdOHwttPXDhcM693HtPkAiuwba/raXlldW19dxGfnNre2e3sLff1HGqKGvQWMSqHRDNBI9YAzgI1k4UIzIQrBUMLsd+64EpzePoFoYJ8yTpRTzklICR/EJR+lV8jl19ryBzr5gAgqWfuUpiAnJ0V8Ejv1Cyy/YEeJE4M1JCM9T9wpfbjWkqWQRUEK07jp2AlxEFnAo2yrupZgmhA9JjHUMjIpn2sskvI3xklC4OY2UqAjxRf09kRGo9lIHplAT6et4bi/95nRTCMy/jUZICi+h0UZgKDDEeB4O7XDEKYmgIoYqbWzHtE0UomPjyJgRn/uVF0qyUnWrZvjkp1S5mceTQISqiY+SgU1RD16iOGoiiR/SMXtGb9WS9WO/Wx7R1yZrNHKA/sD5/AH6EmhI=</latexit>

Blue	band:

Prediction	of	the	model:

Reproducing	the	right	scale	for	neutrino	masses


