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Quantum Field Theory computation of flavor transformation
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As a proof  of concept we will assume a pseudo-scalar interaction
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is a complex parameter.

Propagation include time evolution

<latexit sha1_base64="kXegJwa4Mqm9mxKJo1jHG2IIUNA="></latexit>| {z }

Talk by  Zahra Tabrizi on the basics of this procedure
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As a proof  of concept we will assume a pseudo-scalar interaction

Let’s assume a non-zero parameter 
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How to get the full matter probability? We can solve numerically  but  
we will take advantage to have an analytical computation of this 
probability. 

From  Asano and Minakata, JHEP 06, 022 (2011), arXiv:1103.4387 
[hep-ph]. We have analytical formulae for  usual oscillations,

<latexit sha1_base64="xpWrlq3+dQrRUBK2VJ6FjEqETVk="></latexit>
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The Asano-Minakata work with amplitudes, most of other  
analytical formulae work with probabilities.
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Final state

The full probability with matter effect for three neutrinos
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<latexit sha1_base64="MXDjK1arLKxYZd/T+zk9cAX2f4c=">AAACIXicbVDLSsNAFJ1o1VpfrS7dBIvgQkojWkUQCm5cVrAPaEKZTKbtkHmEmYkYQz/CrS79GnfiTvwZJ2kXtvXAwOGcezl3jh9RonS9/m2trBbW1jeKm6Wt7Z3dvXJlv6NELBFuI0GF7PlQYUo4bmuiKe5FEkPmU9z1w9vM7z5iqYjgDzqJsMfgiJMhQVAbqevyeOCyeFCu1mv1HPYycWakCmZoDSpWwQ0EihnmGlGoVN8XMsDy5oKxU03CZy+VOBJST9xY4QiiEI5w31AOGVZemh8+sY+NEthDIc3j2s7V0p+NFDKlEuabSQb1WC16mfif14/18MpLCY9ijTmaBg1jamthZy3YAZEYaZoYApEkmiAbjaGESJuu5lKyz0xyJWOU+BLKJDWJkjxNTG/OYkvLpHNWcxq1xv15tXk9a7AIDsEROAEOuARNcAdaoA0QCMELeAVv1rv1YX1aX9PRFWu2cwDmYP38AksHpRk=</latexit>⌫µ

<latexit sha1_base64="hUXRtcKUBurVlY4eMdr3Nu3LF28=">AAACInicbVDLSgMxFM1o1VpfrS7dDBbBhZRWtIogFNy4rGAf0Cklk6ZtaB5DckesQ3/CrS79GnfiSvBjzExnYVsPBA7n3Mu5OX7AmYFy+dtZWc2srW9kN3Nb2zu7e/nCftOoUBPaIIor3faxoZxJ2gAGnLYDTbHwOW3549vYbz1SbZiSDzAJaFfgoWQDRjBYqe3JsOcBDnv5YrlUTuAuk0pKiihFvVdwMl5fkVBQCYRjYzq+0n2qby6EOAU2fu5GmgZKw9QLDQ0wGeMh7VgqsaCmGyWXT91jq/TdgdL2SXATNfdnI8LCmInw7aTAMDKLXiz+53VCGFx1IyaDEKgks6BByF1QblyD22eaEuATSzDRDBhxyQhrTMCWNZcSf2aaKDHjzNdYTyKbqNnT1PZWWWxpmTTPSpVqqXp/Xqxdpw1m0SE6Qieogi5RDd2hOmoggjh6Qa/ozXl3PpxP52s2uuKkOwdoDs7PLyVnpYs=</latexit>⌫⌧<latexit sha1_base64="sOwuSX5+5W7PcNI1OnygKexiCEk=">AAACL3icbVDLSgMxFM3U97u1SzfBIriQ0opWEQTBjcsKtgptKZnMbRuax5BkxHGYb3GrS79G3Ihb/8LM2IW2HggczrmvHD/kzNha7d0rzM0vLC4tr6yurW9sbhVL222jIk2hRRVX+s4nBjiT0LLMcrgLNRDhc7j1x5eZf3sP2jAlb2wcQk+QoWQDRol1Ur9YTrr5kERDkOKujPqQ9ouVWrWWA8+S+oRU0ATNfsmb7waKRgKkpZwY0/GVDkCfHwtxYNn4sefGh0rbtBsZCAkdkyF0HJVEgOkl+QUp3nNKgAdKuyctztXVXx0JEcbEwneVgtiRmfYy8T+vE9nBaS9hMowsSPqzaBBxbBXOMsEB00Atjx0hVDPLKKYjogm1Lrk/W7LPpLmSMc58TXScuI2aPWS51adTmiXtw2q9UW1cH1UuziYJLqMdtIv2UR2doAt0hZqohSiK0RN6Ri/eq/fmfXifP6UFb9JTRn/gfX0DOSqqrw==</latexit>⌫e
Survival amplitude

<latexit sha1_base64="zh3XShmxzMkLlbwNIWQYHTuioLs="></latexit>

⇡+ ! µ+ + ⌫e

Conversion amplitude

<latexit sha1_base64="Ah/WioSuCAwpMsG2aZpSoDGs1s4="></latexit>

PNSI

µe =
��SOSC

eµ � pµ✏
⇤
µeS

OSC

ee

��2 ,

Final state

Series solution

<latexit sha1_base64="7tIH2YAKzKtFJ08hOwjcG6SehL4="></latexit>

sin ✓13 r� =
�m2

21

�m2
31

<latexit sha1_base64="mDqlIKVabmtEwAYKbjoId61kwHk="></latexit>

✏µe = |✏µe|ei�µe



Charged NSI
<latexit sha1_base64="mDqlIKVabmtEwAYKbjoId61kwHk="></latexit>

✏µe = |✏µe|ei�µe

<latexit sha1_base64="sOwuSX5+5W7PcNI1OnygKexiCEk=">AAACL3icbVDLSgMxFM3U97u1SzfBIriQ0opWEQTBjcsKtgptKZnMbRuax5BkxHGYb3GrS79G3Ihb/8LM2IW2HggczrmvHD/kzNha7d0rzM0vLC4tr6yurW9sbhVL222jIk2hRRVX+s4nBjiT0LLMcrgLNRDhc7j1x5eZf3sP2jAlb2wcQk+QoWQDRol1Ur9YTrr5kERDkOKujPqQ9ouVWrWWA8+S+oRU0ATNfsmb7waKRgKkpZwY0/GVDkCfHwtxYNn4sefGh0rbtBsZCAkdkyF0HJVEgOkl+QUp3nNKgAdKuyctztXVXx0JEcbEwneVgtiRmfYy8T+vE9nBaS9hMowsSPqzaBBxbBXOMsEB00Atjx0hVDPLKKYjogm1Lrk/W7LPpLmSMc58TXScuI2aPWS51adTmiXtw2q9UW1cH1UuziYJLqMdtIv2UR2doAt0hZqohSiK0RN6Ri/eq/fmfXifP6UFb9JTRn/gfX0DOSqqrw==</latexit>⌫e

 The time evolution for Charged NSI is similar to the time evolution 
 in usual oscillation scenario.

<latexit sha1_base64="Ah/WioSuCAwpMsG2aZpSoDGs1s4="></latexit>

PNSI

µe =
��SOSC

eµ � pµ✏
⇤
µeS

OSC

ee

��2 ,



⇡+ ! µ+ + ⌫µ

<latexit sha1_base64="PoS8P1LWseUPN3now/b/Tk/W6oM=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiCEKZkYoui25cVrAX6IxDJs20oUlmyEUoQxdufBU3LhRx60O4821MLwttPRD48p9zSP4/zhhV2vO+ncLK6tr6RnGztLW9s7vn7h+0VGokJk2cslR2YqQIo4I0NdWMdDJJEI8ZacfD60m//UCkoqm406OMhBz1BU0oRtpKkVsOMnp/CgOdwoAbS5aFiXJ7GUduxat604LL4M+hAubViNyvoJdiw4nQmCGlur6X6TBHUlPMyLgUGEUyhIeoT7oWBeJEhfnUxBgeW6UHk1TaIzScqr83csSVGvHYTnKkB2qxNxH/63WNTi7DnIrMaCLw7KHEMGgtTxKBPSoJ1mxkAWFJ7V8hHiCJsLa5lWwI/qLlZWidVf1a9fy2VqlfzeMogjI4AifABxegDm5AAzQBBo/gGbyCN+fJeXHenY/ZaMGZ7xyCP+V8/gDrT5cE</latexit>

Charged NSI

<latexit sha1_base64="MXDjK1arLKxYZd/T+zk9cAX2f4c=">AAACIXicbVDLSsNAFJ1o1VpfrS7dBIvgQkojWkUQCm5cVrAPaEKZTKbtkHmEmYkYQz/CrS79GnfiTvwZJ2kXtvXAwOGcezl3jh9RonS9/m2trBbW1jeKm6Wt7Z3dvXJlv6NELBFuI0GF7PlQYUo4bmuiKe5FEkPmU9z1w9vM7z5iqYjgDzqJsMfgiJMhQVAbqevyeOCyeFCu1mv1HPYycWakCmZoDSpWwQ0EihnmGlGoVN8XMsDy5oKxU03CZy+VOBJST9xY4QiiEI5w31AOGVZemh8+sY+NEthDIc3j2s7V0p+NFDKlEuabSQb1WC16mfif14/18MpLCY9ijTmaBg1jamthZy3YAZEYaZoYApEkmiAbjaGESJuu5lKyz0xyJWOU+BLKJDWJkjxNTG/OYkvLpHNWcxq1xv15tXk9a7AIDsEROAEOuARNcAdaoA0QCMELeAVv1rv1YX1aX9PRFWu2cwDmYP38AksHpRk=</latexit>⌫µ

<latexit sha1_base64="lE+FJbeC2nkvRJ9kR5tjaZ5Kt2g=">AAACH3icbVDPSwJBGJ0tK7NfWscuSxJ0CNEoiyAQunQ0aFVQkdnxUwfnxzIzG9ni39C1jv013aKr/02z6x5SezDweO/7eN88P2BUm3J55qytZzY2t7LbuZ3dvf2DfOGwoWWoCHhEMqlaPtbAqADPUMOgFSjA3GfQ9Mf3sd98BqWpFE9mEkCX46GgA0qwsZLXEWEPevliuVRO4K6SSkqKKEW9V3Aynb4kIQdhCMNat32p+qDurjg/N3T82o0UBFKZaSfUEGAyxkNoWyowB92NkrOn7qlV+u5AKvuEcRM192cjwlzrCfftJMdmpJe9WPzPa4dmcNONqAhCA4LMgwYhc4104w7cPlVADJtYgomihhKXjLDCxNimFlLiz0wTJWaM+gqrSWQTFX2Z2t4qyy2tksZFqVItVR8vi7XbtMEsOkYn6AxV0DWqoQdURx4iiKI39I4+nE/ny/l2fuaja066c4QW4Mx+AYgppCw=</latexit>⌫e

Initial state

<latexit sha1_base64="lE+FJbeC2nkvRJ9kR5tjaZ5Kt2g=">AAACH3icbVDPSwJBGJ0tK7NfWscuSxJ0CNEoiyAQunQ0aFVQkdnxUwfnxzIzG9ni39C1jv013aKr/02z6x5SezDweO/7eN88P2BUm3J55qytZzY2t7LbuZ3dvf2DfOGwoWWoCHhEMqlaPtbAqADPUMOgFSjA3GfQ9Mf3sd98BqWpFE9mEkCX46GgA0qwsZLXEWEPevliuVRO4K6SSkqKKEW9V3Aynb4kIQdhCMNat32p+qDurjg/N3T82o0UBFKZaSfUEGAyxkNoWyowB92NkrOn7qlV+u5AKvuEcRM192cjwlzrCfftJMdmpJe9WPzPa4dmcNONqAhCA4LMgwYhc4104w7cPlVADJtYgomihhKXjLDCxNimFlLiz0wTJWaM+gqrSWQTFX2Z2t4qyy2tksZFqVItVR8vi7XbtMEsOkYn6AxV0DWqoQdURx4iiKI39I4+nE/ny/l2fuaja066c4QW4Mx+AYgppCw=</latexit>⌫e

<latexit sha1_base64="MXDjK1arLKxYZd/T+zk9cAX2f4c=">AAACIXicbVDLSsNAFJ1o1VpfrS7dBIvgQkojWkUQCm5cVrAPaEKZTKbtkHmEmYkYQz/CrS79GnfiTvwZJ2kXtvXAwOGcezl3jh9RonS9/m2trBbW1jeKm6Wt7Z3dvXJlv6NELBFuI0GF7PlQYUo4bmuiKe5FEkPmU9z1w9vM7z5iqYjgDzqJsMfgiJMhQVAbqevyeOCyeFCu1mv1HPYycWakCmZoDSpWwQ0EihnmGlGoVN8XMsDy5oKxU03CZy+VOBJST9xY4QiiEI5w31AOGVZemh8+sY+NEthDIc3j2s7V0p+NFDKlEuabSQb1WC16mfif14/18MpLCY9ijTmaBg1jamthZy3YAZEYaZoYApEkmiAbjaGESJuu5lKyz0xyJWOU+BLKJDWJkjxNTG/OYkvLpHNWcxq1xv15tXk9a7AIDsEROAEOuARNcAdaoA0QCMELeAVv1rv1YX1aX9PRFWu2cwDmYP38AksHpRk=</latexit>⌫µ

<latexit sha1_base64="hUXRtcKUBurVlY4eMdr3Nu3LF28=">AAACInicbVDLSgMxFM1o1VpfrS7dDBbBhZRWtIogFNy4rGAf0Cklk6ZtaB5DckesQ3/CrS79GnfiSvBjzExnYVsPBA7n3Mu5OX7AmYFy+dtZWc2srW9kN3Nb2zu7e/nCftOoUBPaIIor3faxoZxJ2gAGnLYDTbHwOW3549vYbz1SbZiSDzAJaFfgoWQDRjBYqe3JsOcBDnv5YrlUTuAuk0pKiihFvVdwMl5fkVBQCYRjYzq+0n2qby6EOAU2fu5GmgZKw9QLDQ0wGeMh7VgqsaCmGyWXT91jq/TdgdL2SXATNfdnI8LCmInw7aTAMDKLXiz+53VCGFx1IyaDEKgks6BByF1QblyD22eaEuATSzDRDBhxyQhrTMCWNZcSf2aaKDHjzNdYTyKbqNnT1PZWWWxpmTTPSpVqqXp/Xqxdpw1m0SE6Qieogi5RDd2hOmoggjh6Qa/ozXl3PpxP52s2uuKkOwdoDs7PLyVnpYs=</latexit>⌫⌧<latexit sha1_base64="sOwuSX5+5W7PcNI1OnygKexiCEk=">AAACL3icbVDLSgMxFM3U97u1SzfBIriQ0opWEQTBjcsKtgptKZnMbRuax5BkxHGYb3GrS79G3Ihb/8LM2IW2HggczrmvHD/kzNha7d0rzM0vLC4tr6yurW9sbhVL222jIk2hRRVX+s4nBjiT0LLMcrgLNRDhc7j1x5eZf3sP2jAlb2wcQk+QoWQDRol1Ur9YTrr5kERDkOKujPqQ9ouVWrWWA8+S+oRU0ATNfsmb7waKRgKkpZwY0/GVDkCfHwtxYNn4sefGh0rbtBsZCAkdkyF0HJVEgOkl+QUp3nNKgAdKuyctztXVXx0JEcbEwneVgtiRmfYy8T+vE9nBaS9hMowsSPqzaBBxbBXOMsEB00Atjx0hVDPLKKYjogm1Lrk/W7LPpLmSMc58TXScuI2aPWS51adTmiXtw2q9UW1cH1UuziYJLqMdtIv2UR2doAt0hZqohSiK0RN6Ri/eq/fmfXifP6UFb9JTRn/gfX0DOSqqrw==</latexit>⌫e
Survival amplitude

\

<latexit sha1_base64="zh3XShmxzMkLlbwNIWQYHTuioLs="></latexit>

⇡+ ! µ+ + ⌫e

Conversion amplitude

<latexit sha1_base64="Ah/WioSuCAwpMsG2aZpSoDGs1s4="></latexit>

PNSI

µe =
��SOSC

eµ � pµ✏
⇤
µeS

OSC

ee

��2 ,

Final state

<latexit sha1_base64="xpWrlq3+dQrRUBK2VJ6FjEqETVk="></latexit>

POSC

µ� =
��SOSC

�µ

��2 , CP violation from PMNS mixing matrix

CP violation from 
<latexit sha1_base64="SkZOg9xMTTJyXjMr4Y08y3yz2Eg="></latexit>✏µe phase (“Wolfenstein like”)



As an example of charged NSI application for real  data 
<latexit sha1_base64="KCjZPlG3gIZPod6I5HaZ01XEP6E=">AAACIHicbVBNS0JBFJ1nWWZfWtCmzSMJWoRokLUJxDYtFfIDVGTeeNXB+XjMzIvs4W9oW9v2/YsW7aJlLfotzVMXqR0YOJxzL+fO8XxGtcnlvpzYymp8bT2xkdzc2t7ZTaX3aloGikCVSCZVw8MaGBVQNdQwaPgKMPcY1L3hdeTX70BpKsWtGfnQ5rgvaI8SbKxUbYmgA51UJpfNTeAuk/yMZIoHlR/6Wnord9JOvNWVJOAgDGFY66YnVRfU1Tnnp4YOH9qhAl8qM24FGnxMhrgPTUsF5qDb4eTssXtsla7bk8o+YdyJmvyzEWKu9Yh7dpJjM9CLXiT+5zUD07tsh1T4gQFBpkG9gLlGulEHbpcqIIaNLMFEUUOJSwZYYWJsU3Mp0WfGEyVijHoKq1FoExW9HydtcfnFmpZJ7SybL2QLFdtgCU2RQIfoCJ2gPLpARXSDyqiKCKLoET2hZ+fFeXc+nM/paMyZ7eyjOTjfv78ap+E=</latexit>⌫e appearance data (NOVA and T2K)

<latexit sha1_base64="Ah/WioSuCAwpMsG2aZpSoDGs1s4=">AAAC1HicbVHdihMxGM2Mru6Of129XIRgKYiupV1w9WZh2d4o+FOp7S50ukMm/aYNTSYhyYjd6VyJV4JP4Tv4LD6I92ampe7fgYST853kJF9ixZmxrdYfz79xc+PW7c2t4M7de/cf1LYfDozMNIU+lVzqk5gY4CyFvmWWw4nSQETM4Tiedcr68RfQhsn0s50rGAkySVnCKLFOimq/u1EeigxDcZqHWuAPvbdFgB0OqjnkkNhFRU v0ohyws6/MH3udAq+LL/5TFZVnrpeNNQtBGcZd8Dr0WXGNrcqBcynLy2g2mdrF6d5u0Ihq9VazVQFfJe0VqR8+//vrB9RVN9r2NsKxpJmA1FJOjBnGUo9BH7wUYtey2dko16CktkWYGVCEzsgEho6mRIAZ5VWrC9xwyhgnUruRWlypwbkdORHGzEXsnILYqblcK8XrasPMJq9HOUtVZiGly6Ak49hKXP4bHjMN1PK5I4RqZhnFdEo0odb97oWU8jFFpZSMs1gTPc9domZfi8A1rn25TVfJYK/Z3m/uf3IdPEJLbKId9AQ9RW30Ch2iN6iL+oh6j72O98577w/8hf/N/760+t5qzyN0Af7Pf36o0n0=</latexit>

PNSI

µe =
��SOSC

eµ � pµ✏
⇤
µeS

OSC

ee

��2 ,

<latexit sha1_base64="16/tEfBxlWAYBAq2wqWJ240M9h4="></latexit>

NO⌫A



As an example of charged NSI application for real  data 

appearance data
<latexit sha1_base64="KCjZPlG3gIZPod6I5HaZ01XEP6E=">AAACIHicbVBNS0JBFJ1nWWZfWtCmzSMJWoRokLUJxDYtFfIDVGTeeNXB+XjMzIvs4W9oW9v2/YsW7aJlLfotzVMXqR0YOJxzL+fO8XxGtcnlvpzYymp8bT2xkdzc2t7ZTaX3aloGikCVSCZVw8MaGBVQNdQwaPgKMPcY1L3hdeTX70BpKsWtGfnQ5rgvaI8SbKxUbYmgA51UJpfNTeAuk/yMZIoHlR/6Wnord9JOvNWVJOAgDGFY66YnVRfU1Tnnp4YOH9qhAl8qM24FGnxMhrgPTUsF5qDb4eTssXtsla7bk8o+YdyJmvyzEWKu9Yh7dpJjM9CLXiT+5zUD07tsh1T4gQFBpkG9gLlGulEHbpcqIIaNLMFEUUOJSwZYYWJsU3Mp0WfGEyVijHoKq1FoExW9HydtcfnFmpZJ7SybL2QLFdtgCU2RQIfoCJ2gPLpARXSDyqiKCKLoET2hZ+fFeXc+nM/paMyZ7eyjOTjfv78ap+E=</latexit>⌫e

<latexit sha1_base64="ogkEQNeN6iDQdXhgDn1BsDl+II0="></latexit>

Experiment

NOVA

Particle POT

Neutrinos 13.6⇥ 10
20

Anti-neutrinos 12.5⇥ 10
20

T2K

Particle POT

Neutrinos 14.7⇥ 10
20

Anti-neutrinos 16.4⇥ 10
20

<latexit sha1_base64="16/tEfBxlWAYBAq2wqWJ240M9h4="></latexit>

NO⌫A

GLOBES to simulate the electron/muon neutrino (anti-neutrino).

<latexit sha1_base64="z6X/vhi2JF2DWq4ZyP5sHGaW6sc="></latexit>

Wefixed�m2
21 = 7.53⇥ 10�3eV2 sin2 ✓12 = 0.307

<latexit sha1_base64="ZE4AshYYyOmT0P7aMbVuMyCngLA="></latexit>

sin2 2✓13 = 0.083± 0.0031Priors:



Tension between T2K and NOVA (?!)

T2K and NOVA results Our results for T2K and NOVA data

What happen when we switch on the charged NSI? 



Charged NSI  X  Standard oscillation

Standard Oscillation Charged NSI

<latexit sha1_base64="4QowvXb3Td6Dv1BRk+0JKjZvFXQ="></latexit>

�L

2
⌘ �m2

31L

4E⌫

First terms of the probability, 
Standard oscillation CP violating factor 

Charged NSI  oscillation CP violating factor



Charged NSI CP violation

Standard Oscillation Charged NSI

<latexit sha1_base64="4QowvXb3Td6Dv1BRk+0JKjZvFXQ="></latexit>

�L

2
⌘ �m2

31L

4E⌫

First terms of the probability, 
Standard oscillation CP violating factor 

Charged NSI  oscillation CP violating factor

What happened to the  CP phases?

Standard oscillation limit

Charged NSI case



<latexit sha1_base64="Tls8nZPdKL4Q5LFgAf46tZr0zAU="></latexit>⌫⌧ appearance

There are different scenarios where 
<latexit sha1_base64="Tls8nZPdKL4Q5LFgAf46tZr0zAU="></latexit>⌫⌧ appearance can be a signal for BSM 

Standard Oscillation
<latexit sha1_base64="Tls8nZPdKL4Q5LFgAf46tZr0zAU="></latexit>⌫⌧

far detector
appearance

near detector no
yes

BSM scenario 

3+1 sterile scenario 
non-unitarity 
neutral NSI scenario (propagation) 
light boson

far detector
near detector

<latexit sha1_base64="Tls8nZPdKL4Q5LFgAf46tZr0zAU="></latexit>⌫⌧ appearance
yes
yes



⇡+ ! µ+ + ⌫µ

<latexit sha1_base64="PoS8P1LWseUPN3now/b/Tk/W6oM=">AAACBHicbZDLSgMxFIYz9VbrbdRlN8EiCEKZkYoui25cVrAX6IxDJs20oUlmyEUoQxdufBU3LhRx60O4821MLwttPRD48p9zSP4/zhhV2vO+ncLK6tr6RnGztLW9s7vn7h+0VGokJk2cslR2YqQIo4I0NdWMdDJJEI8ZacfD60m//UCkoqm406OMhBz1BU0oRtpKkVsOMnp/CgOdwoAbS5aFiXJ7GUduxat604LL4M+hAubViNyvoJdiw4nQmCGlur6X6TBHUlPMyLgUGEUyhIeoT7oWBeJEhfnUxBgeW6UHk1TaIzScqr83csSVGvHYTnKkB2qxNxH/63WNTi7DnIrMaCLw7KHEMGgtTxKBPSoJ1mxkAWFJ7V8hHiCJsLa5lWwI/qLlZWidVf1a9fy2VqlfzeMogjI4AifABxegDm5AAzQBBo/gGbyCN+fJeXHenY/ZaMGZ7xyCP+V8/gDrT5cE</latexit>
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Final state

Can we see unusual effects  in this scenario?
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<latexit sha1_base64="Tls8nZPdKL4Q5LFgAf46tZr0zAU="></latexit>⌫⌧ appearance , we follow 

• A. De Gouvea, K. Kelly, G. V. Stenico and P. Pasquini, Phys.Rev.D 100 (2019) 1, 016004 • e-Print: 1904.07265 [hep-ph]

Tau neutrino appearance in DUNE (from de Gouvea)

Normalization uncertainty, NC background included

https://arxiv.org/abs/1904.07265


Tau neutrino appearance in  far neutrino detector at DUNE 
with charged NSI 
(work in progress, far detector) 

\

With the same assumptions we can reach 
<latexit sha1_base64="cyPiYZlS2G35CEdJTSmeojwUtEA="></latexit>

✏µ⌧ < 6.7⇥ 10�3 90%C.L.

The projected sensitivity from FASER is 
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✏µ⌧ < 3.8⇥ 10�3 90%C.L.

Still working in progress, effects of charged NSI in  
muon disappearance not included 



Similar for Tau neutrino appearance in  near neutrino 
detector (work in initial state, near detector) 

Not yet fully polished, different assumptions  
from far detector 

the NC estimation still ongoing. 
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Near Detector -neutrino mode

ϵμτ=0.001

ϵμτ=0.0005

We can get a conservative value of  
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Conclusions

 Charged NSI can have different behavior of propagation NSI

NSI for neutrinos is a interesting  topic of interest in  neutrino phenomenology

 New source of CP violation from charged NSI, can change the results of  
appearance experiments

  Charged NSI with taus can induce tau neutrino appearance in far and near detector

My question: Usually in LBL, electron neutrino came from  three-body decay.  
In the charged NSI ( NSI at source )  electron neutrino can came from two-body decay. 
this can help discriminate ?


