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Propagation behavior of high energy neutrinos (TeV-PeV) 
are closely related to  

low energy (MeV-GeV) interactions in the neutrino sector.
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Determine 
most probable E

Determine 
the Event Rate

Without neutrino diffusion 
during the propagation, 

the observed spectrum is almost same  
to the spectrum at emission zone. 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Neutrino cascade occurs during 
extragalactic propagation 

with MFP ~ O(200-1000) Mpc
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<latexit sha1_base64="DA3pA/9pc2EtacWuUYWiVbRUWeo=">AAACHnicbVBLSwMxGMz6rPVV9eglWAQPUna3ta23oggeK9gHdJeSTdM2NMkuSVYoS3+JF/+KFw+KCJ7035hte9DWgcAwM1/yZYKIUaVt+9taWV1b39jMbGW3d3b39nMHh00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gtF16rceiFQ0FPd6HBGfo4GgfYqRNlI3d5F400s6chD4iV24rJbdUvncLth2xXGdlLiVUrE0uYGeohzyrifiSTeXTxMp4DJx5iQP5qh3c59eL8QxJ0JjhpTqOHak/QRJTTEjk6wXKxIhPEID0jFUIE6Un0w3m8BTo/RgP5TmCA2n6u+JBHGlxjwwSY70UC16qfif14l1v+onVESxJgLPHurHDOoQpl3BHpUEazY2BGFJza4QD5FEWJtGs6YEZ/HLy6TpFpxiwb0r5WtX8zoy4BicgDPggAqogVtQBw2AwSN4Bq/gzXqyXqx362MWXbHmM0fgD6yvH5Asnmg=</latexit>

E ⇠ m⌫
<latexit sha1_base64="DA3pA/9pc2EtacWuUYWiVbRUWeo=">AAACHnicbVBLSwMxGMz6rPVV9eglWAQPUna3ta23oggeK9gHdJeSTdM2NMkuSVYoS3+JF/+KFw+KCJ7035hte9DWgcAwM1/yZYKIUaVt+9taWV1b39jMbGW3d3b39nMHh00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gtF16rceiFQ0FPd6HBGfo4GgfYqRNlI3d5F400s6chD4iV24rJbdUvncLth2xXGdlLiVUrE0uYGeohzyrifiSTeXTxMp4DJx5iQP5qh3c59eL8QxJ0JjhpTqOHak/QRJTTEjk6wXKxIhPEID0jFUIE6Un0w3m8BTo/RgP5TmCA2n6u+JBHGlxjwwSY70UC16qfif14l1v+onVESxJgLPHurHDOoQpl3BHpUEazY2BGFJza4QD5FEWJtGs6YEZ/HLy6TpFpxiwb0r5WtX8zoy4BicgDPggAqogVtQBw2AwSN4Bq/gzXqyXqx362MWXbHmM0fgD6yvH5Asnmg=</latexit>

E⌫
<latexit sha1_base64="iIfHz6b3Z3kDiACI4nQ/A1XWUUc=">AAACF3icbZBNS8MwGMdTX+d8q3r0UhyCBxnNfNl2G4rgcYJ7gbaUNMu2sDQtSSqM0m/hxa/ixYMiXvXmtzHrdtDNPwR+/J/nSZ78g5hRqWz721haXlldWy9sFDe3tnd2zb39towSgUkLRywS3QBJwignLUUVI91YEBQGjHSC0fWk3nkgQtKI36txTLwQDTjtU4yUtnyznLr5JY4YBF5ql23bhhCeTgBWL20N9XqtAmvZje/yJPPNUt6jZS0CnEEJzNT0zS+3F+EkJFxhhqR0oB0rL0VCUcxIVnQTSWKER2hAHI0chUR6ab5SZh1rp2f1I6EPV1bu/p5IUSjlOAx0Z4jUUM7XJuZ/NSdR/ZqXUh4ninA8faifMEtF1iQkq0cFwYqNNSAsqN7VwkMkEFY6yqIOAc5/eRHalTI8K1/cnZcaV7M4CuAQHIETAEEVNMAtaIIWwOARPINX8GY8GS/Gu/ExbV0yZjMH4I+Mzx+RVJvH</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

φ

νCνB

ν

ν

ν

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

φ

νCνB

ν

ν

ν

φ

νCνB

ν

ν

ν

E ⇠ m⌫
<latexit sha1_base64="DA3pA/9pc2EtacWuUYWiVbRUWeo=">AAACHnicbVBLSwMxGMz6rPVV9eglWAQPUna3ta23oggeK9gHdJeSTdM2NMkuSVYoS3+JF/+KFw+KCJ7035hte9DWgcAwM1/yZYKIUaVt+9taWV1b39jMbGW3d3b39nMHh00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gtF16rceiFQ0FPd6HBGfo4GgfYqRNlI3d5F400s6chD4iV24rJbdUvncLth2xXGdlLiVUrE0uYGeohzyrifiSTeXTxMp4DJx5iQP5qh3c59eL8QxJ0JjhpTqOHak/QRJTTEjk6wXKxIhPEID0jFUIE6Un0w3m8BTo/RgP5TmCA2n6u+JBHGlxjwwSY70UC16qfif14l1v+onVESxJgLPHurHDOoQpl3BHpUEazY2BGFJza4QD5FEWJtGs6YEZ/HLy6TpFpxiwb0r5WtX8zoy4BicgDPggAqogVtQBw2AwSN4Bq/gzXqyXqx362MWXbHmM0fgD6yvH5Asnmg=</latexit>

E⌫/4
<latexit sha1_base64="XCdZRrGQC3CllvJpzeULgJ4BcNE=">AAACGXicbZDLSgMxFIYzXmu9jbp0M1gEF1KTWm27K4rgsoK9QDuUTJppQzOZIckIZZjXcOOruHGhiEtd+Taml4W2/hD4+M85ycnvRZwpDeG3tbS8srq2ntnIbm5t7+zae/sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXrD63G9+UClYqG416OIugHuC+YzgrWxujZMOpNL2rLvuQnMQwgRQqdjQKVLaKBSKRdQOb3pdkR8Vky7dm7SZeQsAppBDsxU69qfnV5I4oAKTThWqo1gpN0ES80Ip2m2EysaYTLEfdo2KHBAlZtMlkqdY+P0HD+U5gjtTNzfEwkOlBoFnukMsB6o+drY/K/WjrVfdhMmolhTQaYP+TF3dOiMY3J6TFKi+cgAJpKZXR0ywBITbcLMmhDQ/JcXoVHIo/P8xV0xV72axZEBh+AInAAESqAKbkEN1AEBj+AZvII368l6sd6tj2nrkjWbOQB/ZH39AIxVnD4=</latexit>

E⌫/4
<latexit sha1_base64="XCdZRrGQC3CllvJpzeULgJ4BcNE=">AAACGXicbZDLSgMxFIYzXmu9jbp0M1gEF1KTWm27K4rgsoK9QDuUTJppQzOZIckIZZjXcOOruHGhiEtd+Taml4W2/hD4+M85ycnvRZwpDeG3tbS8srq2ntnIbm5t7+zae/sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXrD63G9+UClYqG416OIugHuC+YzgrWxujZMOpNL2rLvuQnMQwgRQqdjQKVLaKBSKRdQOb3pdkR8Vky7dm7SZeQsAppBDsxU69qfnV5I4oAKTThWqo1gpN0ES80Ip2m2EysaYTLEfdo2KHBAlZtMlkqdY+P0HD+U5gjtTNzfEwkOlBoFnukMsB6o+drY/K/WjrVfdhMmolhTQaYP+TF3dOiMY3J6TFKi+cgAJpKZXR0ywBITbcLMmhDQ/JcXoVHIo/P8xV0xV72axZEBh+AInAAESqAKbkEN1AEBj+AZvII368l6sd6tj2nrkjWbOQB/ZH39AIxVnD4=</latexit>

E⌫/4
<latexit sha1_base64="XCdZRrGQC3CllvJpzeULgJ4BcNE=">AAACGXicbZDLSgMxFIYzXmu9jbp0M1gEF1KTWm27K4rgsoK9QDuUTJppQzOZIckIZZjXcOOruHGhiEtd+Taml4W2/hD4+M85ycnvRZwpDeG3tbS8srq2ntnIbm5t7+zae/sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXrD63G9+UClYqG416OIugHuC+YzgrWxujZMOpNL2rLvuQnMQwgRQqdjQKVLaKBSKRdQOb3pdkR8Vky7dm7SZeQsAppBDsxU69qfnV5I4oAKTThWqo1gpN0ES80Ip2m2EysaYTLEfdo2KHBAlZtMlkqdY+P0HD+U5gjtTNzfEwkOlBoFnukMsB6o+drY/K/WjrVfdhMmolhTQaYP+TF3dOiMY3J6TFKi+cgAJpKZXR0ywBITbcLMmhDQ/JcXoVHIo/P8xV0xV72axZEBh+AInAAESqAKbkEN1AEBj+AZvII368l6sd6tj2nrkjWbOQB/ZH39AIxVnD4=</latexit>

E⌫/4
<latexit sha1_base64="XCdZRrGQC3CllvJpzeULgJ4BcNE=">AAACGXicbZDLSgMxFIYzXmu9jbp0M1gEF1KTWm27K4rgsoK9QDuUTJppQzOZIckIZZjXcOOruHGhiEtd+Taml4W2/hD4+M85ycnvRZwpDeG3tbS8srq2ntnIbm5t7+zae/sNFcaS0DoJeShbHlaUM0HrmmlOW5GkOPA4bXrD63G9+UClYqG416OIugHuC+YzgrWxujZMOpNL2rLvuQnMQwgRQqdjQKVLaKBSKRdQOb3pdkR8Vky7dm7SZeQsAppBDsxU69qfnV5I4oAKTThWqo1gpN0ES80Ip2m2EysaYTLEfdo2KHBAlZtMlkqdY+P0HD+U5gjtTNzfEwkOlBoFnukMsB6o+drY/K/WjrVfdhMmolhTQaYP+TF3dOiMY3J6TFKi+cgAJpKZXR0ywBITbcLMmhDQ/JcXoVHIo/P8xV0xV72axZEBh+AInAAESqAKbkEN1AEBj+AZvII368l6sd6tj2nrkjWbOQB/ZH39AIxVnD4=</latexit>

…

…

• Successive    -cascades 
modify event spectrum 
significantly.

⌫
<latexit sha1_base64="98Gl86ccJDisuJqbqOKzww4DVUQ=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcXycCuOjUnB1okbkGqUKA5sD/6w4gkIRWacKxUz3Vi7aVYakY4nVX6iaIxJhM8oj1DBQ6p8tL81Bk6MsoQBZE0JTTK1Z8TKQ6Vmoa+6QyxHqu/Xib+5/USHVx4KRNxoqkg80VBwpGOUPY3GjJJieZTQzCRzNyKyBhLTLRJp5KHcJnh7PvlRdI+qbn1Wv32tNq4KuIowwEcwjG4cA4NuIEmtIDACB7hGV4sbj1Zr9bbvLVkFTP78AvW+xd3q44O</latexit>

Similar to EM cascades 
with bkg photons (EBL&CMB) 
in High-E gamma-ray 
propagation.



New self-interaction of neutrinos 
and neutrino cascade during propagation

• Obtaining the modified flux with simple neutrino cascades
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<latexit sha1_base64="XUbgNeP91qi3qhfPnO7CY54UI8g="></latexit>

Absorption of  
energetic neutrino 

by resonance

Production of 
down-scattered  

secondary neutrinos
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<latexit sha1_base64="KQ4ilT92S4+jx0mwpsHx6spjJXI="></latexit>
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<latexit sha1_base64="DRXj7GlPK3WH6GmZ4OaQP1hEZDk="></latexit>

MFP of neutrino

E ⇠ m⌫
<latexit sha1_base64="DA3pA/9pc2EtacWuUYWiVbRUWeo=">AAACHnicbVBLSwMxGMz6rPVV9eglWAQPUna3ta23oggeK9gHdJeSTdM2NMkuSVYoS3+JF/+KFw+KCJ7035hte9DWgcAwM1/yZYKIUaVt+9taWV1b39jMbGW3d3b39nMHh00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gtF16rceiFQ0FPd6HBGfo4GgfYqRNlI3d5F400s6chD4iV24rJbdUvncLth2xXGdlLiVUrE0uYGeohzyrifiSTeXTxMp4DJx5iQP5qh3c59eL8QxJ0JjhpTqOHak/QRJTTEjk6wXKxIhPEID0jFUIE6Un0w3m8BTo/RgP5TmCA2n6u+JBHGlxjwwSY70UC16qfif14l1v+onVESxJgLPHurHDOoQpl3BHpUEazY2BGFJza4QD5FEWJtGs6YEZ/HLy6TpFpxiwb0r5WtX8zoy4BicgDPggAqogVtQBw2AwSN4Bq/gzXqyXqx362MWXbHmM0fgD6yvH5Asnmg=</latexit>

Neutrino cascade occurs during 
extragalactic propagation

E⌫
<latexit sha1_base64="iIfHz6b3Z3kDiACI4nQ/A1XWUUc=">AAACF3icbZBNS8MwGMdTX+d8q3r0UhyCBxnNfNl2G4rgcYJ7gbaUNMu2sDQtSSqM0m/hxa/ixYMiXvXmtzHrdtDNPwR+/J/nSZ78g5hRqWz721haXlldWy9sFDe3tnd2zb39towSgUkLRywS3QBJwignLUUVI91YEBQGjHSC0fWk3nkgQtKI36txTLwQDTjtU4yUtnyznLr5JY4YBF5ql23bhhCeTgBWL20N9XqtAmvZje/yJPPNUt6jZS0CnEEJzNT0zS+3F+EkJFxhhqR0oB0rL0VCUcxIVnQTSWKER2hAHI0chUR6ab5SZh1rp2f1I6EPV1bu/p5IUSjlOAx0Z4jUUM7XJuZ/NSdR/ZqXUh4ninA8faifMEtF1iQkq0cFwYqNNSAsqN7VwkMkEFY6yqIOAc5/eRHalTI8K1/cnZcaV7M4CuAQHIETAEEVNMAtaIIWwOARPINX8GY8GS/Gu/ExbV0yZjMH4I+Mzx+RVJvH</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

Determine 
most probable E

Determine 
the Event Rate

φ

νCνB

ν

ν

ν

E ⇠ m⌫
<latexit sha1_base64="DA3pA/9pc2EtacWuUYWiVbRUWeo=">AAACHnicbVBLSwMxGMz6rPVV9eglWAQPUna3ta23oggeK9gHdJeSTdM2NMkuSVYoS3+JF/+KFw+KCJ7035hte9DWgcAwM1/yZYKIUaVt+9taWV1b39jMbGW3d3b39nMHh00VxhKTBg5ZKNsBUoRRQRqaakbakSSIB4y0gtF16rceiFQ0FPd6HBGfo4GgfYqRNlI3d5F400s6chD4iV24rJbdUvncLth2xXGdlLiVUrE0uYGeohzyrifiSTeXTxMp4DJx5iQP5qh3c59eL8QxJ0JjhpTqOHak/QRJTTEjk6wXKxIhPEID0jFUIE6Un0w3m8BTo/RgP5TmCA2n6u+JBHGlxjwwSY70UC16qfif14l1v+onVESxJgLPHurHDOoQpl3BHpUEazY2BGFJza4QD5FEWJtGs6YEZ/HLy6TpFpxiwb0r5WtX8zoy4BicgDPggAqogVtQBw2AwSN4Bq/gzXqyXqx362MWXbHmM0fgD6yvH5Asnmg=</latexit>

E⌫
<latexit sha1_base64="iIfHz6b3Z3kDiACI4nQ/A1XWUUc=">AAACF3icbZBNS8MwGMdTX+d8q3r0UhyCBxnNfNl2G4rgcYJ7gbaUNMu2sDQtSSqM0m/hxa/ixYMiXvXmtzHrdtDNPwR+/J/nSZ78g5hRqWz721haXlldWy9sFDe3tnd2zb39towSgUkLRywS3QBJwignLUUVI91YEBQGjHSC0fWk3nkgQtKI36txTLwQDTjtU4yUtnyznLr5JY4YBF5ql23bhhCeTgBWL20N9XqtAmvZje/yJPPNUt6jZS0CnEEJzNT0zS+3F+EkJFxhhqR0oB0rL0VCUcxIVnQTSWKER2hAHI0chUR6ab5SZh1rp2f1I6EPV1bu/p5IUSjlOAx0Z4jUUM7XJuZ/NSdR/ZqXUh4ninA8faifMEtF1iQkq0cFwYqNNSAsqN7VwkMkEFY6yqIOAc5/eRHalTI8K1/cnZcaV7M4CuAQHIETAEEVNMAtaIIWwOARPINX8GY8GS/Gu/ExbV0yZjMH4I+Mzx+RVJvH</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

E⌫/2
<latexit sha1_base64="n9J0M5YSIjmaz35Y8sNNnt8ySYk=">AAACGXicbZDLSgMxFIYz9VbrbdSlm8EiuJCa1EvbXVEElxXsBdqhZNK0Dc1khiQjlKGv4cZXceNCEZe68m3MTLvQ1h8CH/85Jzn5vZAzpSH8tjJLyyura9n13Mbm1vaOvbvXUEEkCa2TgAey5WFFORO0rpnmtBVKin2P06Y3uk7qzQcqFQvEvR6H1PXxQLA+I1gbq2vDuJNe0pYDz41hAUKIEDpJAJUuoYFKpVxE5clNtyOi0+Kka+fTLiNnEdAM8mCmWtf+7PQCEvlUaMKxUm0EQ+3GWGpGOJ3kOpGiISYjPKBtgwL7VLlxutTEOTJOz+kH0hyhndT9PRFjX6mx75lOH+uhmq8l5n+1dqT7ZTdmIow0FWT6UD/ijg6cJCanxyQlmo8NYCKZ2dUhQywx0SbMnAkBzX95ERrFAjorXNyd56tXsziy4AAcgmOAQAlUwS2ogTog4BE8g1fwZj1ZL9a79TFtzVizmX3wR9bXD4lLnDw=</latexit>

Le↵ � �g�⌫̄c⌧⌫⌧�+ h.c.
<latexit sha1_base64="ga5BQgHC4NjrD8pEUUpCVt7Ub9U="></latexit>



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

E2
1�1

<latexit sha1_base64="zq0QP8BMtGMlEsyEcdrnO2uvJWo=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0G7mMdec0hC9zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0VxkIs=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit> Eres.

<latexit sha1_base64="9exKsiiIgyZSkKKAwRicprcIDyE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+0GVRBJcV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+ctllo64ELh3Pu5d57opQzbTzv2ymtrK6tb5Q3K1vbO7t71f2Dlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hbqt5+o0iyRj2ac0lDggWQxI9hYKbjr5YESSFHtTnrVmud6M6Bl4hekBgUavepX0E9IJqg0hGOtu76XmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazmyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+HOZNpZqgk80VxxpFJ0DQA1GeKEsPHlmCimL0VkSFWmBgbU8WG4C++vExaZ65/7l4+XNTqN0UcZTiCYzgFH66gDvfQgCYQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBmcKRaA==</latexit>



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

E2
1�1

<latexit sha1_base64="zq0QP8BMtGMlEsyEcdrnO2uvJWo=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0G7mMdec0hC9zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0VxkIs=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit> Eres.

<latexit sha1_base64="9exKsiiIgyZSkKKAwRicprcIDyE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+0GVRBJcV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+ctllo64ELh3Pu5d57opQzbTzv2ymtrK6tb5Q3K1vbO7t71f2Dlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hbqt5+o0iyRj2ac0lDggWQxI9hYKbjr5YESSFHtTnrVmud6M6Bl4hekBgUavepX0E9IJqg0hGOtu76XmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazmyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+HOZNpZqgk80VxxpFJ0DQA1GeKEsPHlmCimL0VkSFWmBgbU8WG4C++vExaZ65/7l4+XNTqN0UcZTiCYzgFH66gDvfQgCYQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBmcKRaA==</latexit>

After        successive 
scattering processes  
during the propagation,

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

E1 ⇠ E0/2
Nc

<latexit sha1_base64="3+j3v5Xu/uoiBpjKTKMyO4afF9c=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzpTFV0WpeBKKtgHtOOQSTNtaJIZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33hPEjCrtON9WbmFxaXklv1pYW9/Y3LK3dxoqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOrsd98IFLRSNzpYUw8jnqChhQjbSTf3qv6LuwoymHVd47L9+mNj0e+XXRKzgRwnrgZKYIMNd/+6nQjnHAiNGZIqbbrxNpLkdQUMzIqdBJFYoQHqEfahgrEifLSyfUjeGiULgwjaUpoOFF/T6SIKzXkgenkSPfVrDcW//PaiQ4vvJSKONFE4OmiMGFQR3AcBexSSbBmQ0MQltTcCnEfSYS1CaxgQnBnX54njXLJPSmd3Z4WK5dZHHmwDw7AEXDBOaiAa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPOx6Tzw==</latexit>

�1 ⇠ 2Nc �0
<latexit sha1_base64="WlNsx5vChukPzF027eegTqj9Spw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KklVdFl040oq2Ac0MUymk3bozCTMTIQSunHjr7hxoYhb/8Gdf+M0zUJbD1w4nHMv994TJowq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g6HVxO//UCkorG406OE+Bz1BY0oRtpIgX3gNQY0cKGnKIe1++wmwGPowVx1ArviVJ0ccJ64BamAAo3A/vJ6MU45ERozpFTXdRLtZ0hqihkZl71UkQThIeqTrqECcaL8LP9iDI+M0oNRLE0JDXP190SGuFIjHppOjvRAzXoT8T+vm+rows+oSFJNBJ4uilIGdQwnkcAelQRrNjIEYUnNrRAPkERYm+DKJgR39uV50qpV3ZPq2e1ppX5ZxFEC++AQHAMXnIM6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8AQEplvw=</latexit>

mass of 
mediator

Eres. '
p

2m⌫E⌫ ' m�
<latexit sha1_base64="eApTnrCZppasdxJ/T47YP1IIwq0=">AAACHnicbVDLSgMxFM34rPVVdekmWARXw4wPdFmUgssK9gGdYciktzaYZMYkI5ShX+LGX3HjQhHBlf6N6QPR1gPJPZxzL8k9ccqZNp735czNLywuLRdWiqtr6xubpa3thk4yRaFOE56oVkw0cCahbpjh0EoVEBFzaMa3F0O/eQ9Ks0Rem34KoSA3knUZJcZKUemkGuWBEliBdgc40EzAnS13yuSHIgpkhqvD+8eyWtpjUansud4IeJb4E1JGE9Si0kfQSWgmQBrKidZt30tNmBNlGOUwKAaZhpTQW3IDbUslEaDDfLTeAO9bpYO7ibJHGjxSf0/kRGjdF7HtFMT09LQ3FP/z2pnpnoU5k2lmQNLxQ92MY5PgYVa4wxRQw/uWEKqY/SumPaIINTbRog3Bn155ljQOXf/IPbk6LlfOJ3EU0C7aQwfIR6eogi5RDdURRQ/oCb2gV+fReXbenPdx65wzmdlBf+B8fgMGGKJw</latexit>



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

E2
1�1

<latexit sha1_base64="zq0QP8BMtGMlEsyEcdrnO2uvJWo=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0G7mMdec0hC9zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0VxkIs=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit> Eres.

<latexit sha1_base64="9exKsiiIgyZSkKKAwRicprcIDyE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+0GVRBJcV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+ctllo64ELh3Pu5d57opQzbTzv2ymtrK6tb5Q3K1vbO7t71f2Dlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hbqt5+o0iyRj2ac0lDggWQxI9hYKbjr5YESSFHtTnrVmud6M6Bl4hekBgUavepX0E9IJqg0hGOtu76XmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazmyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+HOZNpZqgk80VxxpFJ0DQA1GeKEsPHlmCimL0VkSFWmBgbU8WG4C++vExaZ65/7l4+XNTqN0UcZTiCYzgFH66gDvfQgCYQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBmcKRaA==</latexit>

After        successive 
scattering processes  
during the propagation,

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

E1 ⇠ E0/2
Nc

<latexit sha1_base64="3+j3v5Xu/uoiBpjKTKMyO4afF9c=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzpTFV0WpeBKKtgHtOOQSTNtaJIZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33hPEjCrtON9WbmFxaXklv1pYW9/Y3LK3dxoqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOrsd98IFLRSNzpYUw8jnqChhQjbSTf3qv6LuwoymHVd47L9+mNj0e+XXRKzgRwnrgZKYIMNd/+6nQjnHAiNGZIqbbrxNpLkdQUMzIqdBJFYoQHqEfahgrEifLSyfUjeGiULgwjaUpoOFF/T6SIKzXkgenkSPfVrDcW//PaiQ4vvJSKONFE4OmiMGFQR3AcBexSSbBmQ0MQltTcCnEfSYS1CaxgQnBnX54njXLJPSmd3Z4WK5dZHHmwDw7AEXDBOaiAa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPOx6Tzw==</latexit>

�1 ⇠ 2Nc �0
<latexit sha1_base64="WlNsx5vChukPzF027eegTqj9Spw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KklVdFl040oq2Ac0MUymk3bozCTMTIQSunHjr7hxoYhb/8Gdf+M0zUJbD1w4nHMv994TJowq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g6HVxO//UCkorG406OE+Bz1BY0oRtpIgX3gNQY0cKGnKIe1++wmwGPowVx1ArviVJ0ccJ64BamAAo3A/vJ6MU45ERozpFTXdRLtZ0hqihkZl71UkQThIeqTrqECcaL8LP9iDI+M0oNRLE0JDXP190SGuFIjHppOjvRAzXoT8T+vm+rows+oSFJNBJ4uilIGdQwnkcAelQRrNjIEYUnNrRAPkERYm+DKJgR39uV50qpV3ZPq2e1ppX5ZxFEC++AQHAMXnIM6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8AQEplvw=</latexit>

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

determined by 
Mean Free Path

Nc = Lprop/�⌫
<latexit sha1_base64="igMxK+3ZtTgT68pVwEqeqfRq0xI=">AAACCXicbVDLSsQwFE3H1zi+qi7dBAfB1dj6QDfCoBsXIiM4D5iWkqbpTJg0DUkqDKVbN/6KGxeKuPUP3Pk3Zh4LHT0QOJxzDzf3hIJRpR3nyyrNzS8sLpWXKyura+sb9uZWS6WZxKSJU5bKTogUYZSTpqaakY6QBCUhI+1wcDny2/dEKpryOz0UxE9Qj9OYYqSNFNjwJsDwHF4HuScTKGQqigOPmXyEjMSzIrCrTs0ZA/4l7pRUwRSNwP70ohRnCeEaM6RU13WE9nMkNcWMFBUvU0QgPEA90jWUo4QoPx9fUsA9o0QwTqV5XMOx+jORo0SpYRKayQTpvpr1RuJ/XjfT8ZmfUy4yTTieLIozBnUKR7XAiEqCNRsagrCk5q8Q95FEWJvyKqYEd/bkv6R1WHOPaie3x9X6xbSOMtgBu2AfuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+GS1Z08w2+AXr4xu2rZnA</latexit>

mass of 
mediator

Eres. '
p

2m⌫E⌫ ' m�
<latexit sha1_base64="eApTnrCZppasdxJ/T47YP1IIwq0=">AAACHnicbVDLSgMxFM34rPVVdekmWARXw4wPdFmUgssK9gGdYciktzaYZMYkI5ShX+LGX3HjQhHBlf6N6QPR1gPJPZxzL8k9ccqZNp735czNLywuLRdWiqtr6xubpa3thk4yRaFOE56oVkw0cCahbpjh0EoVEBFzaMa3F0O/eQ9Ks0Rem34KoSA3knUZJcZKUemkGuWBEliBdgc40EzAnS13yuSHIgpkhqvD+8eyWtpjUansud4IeJb4E1JGE9Si0kfQSWgmQBrKidZt30tNmBNlGOUwKAaZhpTQW3IDbUslEaDDfLTeAO9bpYO7ibJHGjxSf0/kRGjdF7HtFMT09LQ3FP/z2pnpnoU5k2lmQNLxQ92MY5PgYVa4wxRQw/uWEKqY/SumPaIINTbRog3Bn155ljQOXf/IPbk6LlfOJ3EU0C7aQwfIR6eogi5RDdURRQ/oCb2gV+fReXbenPdx65wzmdlBf+B8fgMGGKJw</latexit>

�⌫ =
1

n⌫�⌫⌫<latexit sha1_base64="r5SyRfFKareAcFW2k127mLtiqCI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIf6EYounFZwT6gCWEymbRDJ5MwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzrncuSdIGZXKtr+N2tLyyupafb2xsbm1vWPu7nVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xvpn7vgQhJE36vJinxYjTkNKIYKS35puUyHQ6R7/IMXkE3EgjnTpHzUnAlHcbIz0vOs6LwzaZt2SXgInEq0gQV2r755YYJzmLCFWZIyoFjp8rLkVAUM1I03EySFOExGpKBphzFRHp5eVcBj7QSwigR+nEFS/X3RI5iKSdxoJMxUiM5703F/7xBpqJLL6c8zRTheLYoyhhUCZyWBEMqCFZsognCguq/QjxCuhqlq2zoEpz5kxdJ98RyTq3zu7Nm67qqow4OwCE4Bg64AC1wC9qgAzB4BM/gFbwZT8aL8W58zKI1o5rZB39gfP4AOJ2f/Q==</latexit>

related to 
coupling of 
interaction



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

E2
1�1

<latexit sha1_base64="zq0QP8BMtGMlEsyEcdrnO2uvJWo=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0G7mMdec0hC9zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0VxkIs=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit> Eres.

<latexit sha1_base64="9exKsiiIgyZSkKKAwRicprcIDyE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+0GVRBJcV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+ctllo64ELh3Pu5d57opQzbTzv2ymtrK6tb5Q3K1vbO7t71f2Dlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hbqt5+o0iyRj2ac0lDggWQxI9hYKbjr5YESSFHtTnrVmud6M6Bl4hekBgUavepX0E9IJqg0hGOtu76XmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazmyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+HOZNpZqgk80VxxpFJ0DQA1GeKEsPHlmCimL0VkSFWmBgbU8WG4C++vExaZ65/7l4+XNTqN0UcZTiCYzgFH66gDvfQgCYQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBmcKRaA==</latexit>

After        successive 
scattering processes  
during the propagation,

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

E1 ⇠ E0/2
Nc

<latexit sha1_base64="3+j3v5Xu/uoiBpjKTKMyO4afF9c=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzpTFV0WpeBKKtgHtOOQSTNtaJIZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33hPEjCrtON9WbmFxaXklv1pYW9/Y3LK3dxoqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOrsd98IFLRSNzpYUw8jnqChhQjbSTf3qv6LuwoymHVd47L9+mNj0e+XXRKzgRwnrgZKYIMNd/+6nQjnHAiNGZIqbbrxNpLkdQUMzIqdBJFYoQHqEfahgrEifLSyfUjeGiULgwjaUpoOFF/T6SIKzXkgenkSPfVrDcW//PaiQ4vvJSKONFE4OmiMGFQR3AcBexSSbBmQ0MQltTcCnEfSYS1CaxgQnBnX54njXLJPSmd3Z4WK5dZHHmwDw7AEXDBOaiAa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPOx6Tzw==</latexit>

�1 ⇠ 2Nc �0
<latexit sha1_base64="WlNsx5vChukPzF027eegTqj9Spw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KklVdFl040oq2Ac0MUymk3bozCTMTIQSunHjr7hxoYhb/8Gdf+M0zUJbD1w4nHMv994TJowq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g6HVxO//UCkorG406OE+Bz1BY0oRtpIgX3gNQY0cKGnKIe1++wmwGPowVx1ArviVJ0ccJ64BamAAo3A/vJ6MU45ERozpFTXdRLtZ0hqihkZl71UkQThIeqTrqECcaL8LP9iDI+M0oNRLE0JDXP190SGuFIjHppOjvRAzXoT8T+vm+rows+oSFJNBJ4uilIGdQwnkcAelQRrNjIEYUnNrRAPkERYm+DKJgR39uV50qpV3ZPq2e1ppX5ZxFEC++AQHAMXnIM6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8AQEplvw=</latexit>

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

determined by 
Mean Free Path

Nc = Lprop/�⌫
<latexit sha1_base64="igMxK+3ZtTgT68pVwEqeqfRq0xI=">AAACCXicbVDLSsQwFE3H1zi+qi7dBAfB1dj6QDfCoBsXIiM4D5iWkqbpTJg0DUkqDKVbN/6KGxeKuPUP3Pk3Zh4LHT0QOJxzDzf3hIJRpR3nyyrNzS8sLpWXKyura+sb9uZWS6WZxKSJU5bKTogUYZSTpqaakY6QBCUhI+1wcDny2/dEKpryOz0UxE9Qj9OYYqSNFNjwJsDwHF4HuScTKGQqigOPmXyEjMSzIrCrTs0ZA/4l7pRUwRSNwP70ohRnCeEaM6RU13WE9nMkNcWMFBUvU0QgPEA90jWUo4QoPx9fUsA9o0QwTqV5XMOx+jORo0SpYRKayQTpvpr1RuJ/XjfT8ZmfUy4yTTieLIozBnUKR7XAiEqCNRsagrCk5q8Q95FEWJvyKqYEd/bkv6R1WHOPaie3x9X6xbSOMtgBu2AfuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+GS1Z08w2+AXr4xu2rZnA</latexit>

mass of 
mediator

Eres. '
p

2m⌫E⌫ ' m�
<latexit sha1_base64="eApTnrCZppasdxJ/T47YP1IIwq0=">AAACHnicbVDLSgMxFM34rPVVdekmWARXw4wPdFmUgssK9gGdYciktzaYZMYkI5ShX+LGX3HjQhHBlf6N6QPR1gPJPZxzL8k9ccqZNp735czNLywuLRdWiqtr6xubpa3thk4yRaFOE56oVkw0cCahbpjh0EoVEBFzaMa3F0O/eQ9Ks0Rem34KoSA3knUZJcZKUemkGuWBEliBdgc40EzAnS13yuSHIgpkhqvD+8eyWtpjUansud4IeJb4E1JGE9Si0kfQSWgmQBrKidZt30tNmBNlGOUwKAaZhpTQW3IDbUslEaDDfLTeAO9bpYO7ibJHGjxSf0/kRGjdF7HtFMT09LQ3FP/z2pnpnoU5k2lmQNLxQ92MY5PgYVa4wxRQw/uWEKqY/SumPaIINTbRog3Bn155ljQOXf/IPbk6LlfOJ3EU0C7aQwfIR6eogi5RDdURRQ/oCb2gV+fReXbenPdx65wzmdlBf+B8fgMGGKJw</latexit>

�⌫ =
1

n⌫�⌫⌫<latexit sha1_base64="r5SyRfFKareAcFW2k127mLtiqCI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIf6EYounFZwT6gCWEymbRDJ5MwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzrncuSdIGZXKtr+N2tLyyupafb2xsbm1vWPu7nVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xvpn7vgQhJE36vJinxYjTkNKIYKS35puUyHQ6R7/IMXkE3EgjnTpHzUnAlHcbIz0vOs6LwzaZt2SXgInEq0gQV2r755YYJzmLCFWZIyoFjp8rLkVAUM1I03EySFOExGpKBphzFRHp5eVcBj7QSwigR+nEFS/X3RI5iKSdxoJMxUiM5703F/7xBpqJLL6c8zRTheLYoyhhUCZyWBEMqCFZsognCguq/QjxCuhqlq2zoEpz5kxdJ98RyTq3zu7Nm67qqow4OwCE4Bg64AC1wC9qgAzB4BM/gFbwZT8aL8W58zKI1o5rZB39gfP4AOJ2f/Q==</latexit>

related to 
coupling of 
interaction

                 Comparing the observed neutrino spectrum 
                    with a known set of predicted  (      ,      ) 
    One can probe neutrino interaction parameters (       ,     )

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

�0
<latexit sha1_base64="gBhO6JYRjOUTTT2zrgug9sycq6o=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o1pOwttPXDhcM693HtPmAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukZrc+5D2vV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv559fL+olK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwALBo7J</latexit>

m�
<latexit sha1_base64="irtzVk1ONxK2UYoWK2PBvtrygUI=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc1Ra+bDFmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2bUTdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MbXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86wanFcv7y8qtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCm6e8F+/d+5i3Frx85hD+wPv8AZh+jyY=</latexit>

g�
<latexit sha1_base64="RSyHkaQzh+UcTtfUrDCzHL3APH8=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o1pOwttPXDhcM693HtPmAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuuk5qDXTYa8V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv559fL+olK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwCPSI8g</latexit>



How neutrino self-interaction affect 
High E neutrino event spectrum?

E⌫
<latexit sha1_base64="NdTuKNh+dC4TYCKddktUjxRYB1E=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0n8QI9FETxWMG2hDWWznbZLN5uwuxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dho5TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR7dRvPqHSPJaPZpxgENGB5H3OqLGSf9ftyLRbrrhVdwayTLycVCBHvVv+6vRilkYoDRNU67bnJibIqDKcCZyUOqnGhLIRHWDbUkkj1EE2O3ZCTqzSI/1Y2ZKGzNTfExmNtB5Hoe2MqBnqRW8q/ue1U9O/DjIuk9SgZPNF/VQQE5Pp56THFTIjxpZQpri9lbAhVZQZm0/JhuAtvrxMGmdV77x6+XBRqd3kcRThCI7hFDy4ghrcQx18YMDhGV7hzZHOi/PufMxbC04+cwh/4Hz+AKXJjpY=</latexit>

E2
⌫�⌫

<latexit sha1_base64="Xe8wpP9rb41ZH1ToqR8kyCJTb9Y=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWpii6LIrisYC/QxDKZTtqhk0mYmRRK6Ju4caGIW9/EnW/jpM1CW38Y+PjPOZwzf5BwprTjfFsrq2vrG5ulrfL2zu7evn1w2FJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLrN6+0xlYrF4lFPEupHeCBYyAjWxurZ9l3PE+lTDXmNIcuxZ1ecqjMTWga3gAoUavTsL68fkzSiQhOOleq6TqL9DEvNCKfTspcqmmAywgPaNShwRJWfzS6folPj9FEYS/OERjP390SGI6UmUWA6I6yHarGWm//VuqkOr/2MiSTVVJD5ojDlSMcojwH1maRE84kBTCQztyIyxBITbcIqmxDcxS8vQ6tWdc+rlw8XlfpNEUcJjuEEzsCFK6jDPTSgCQTG8Ayv8GZl1ov1bn3MW1esYuYI/sj6/AGZ1ZMA</latexit>

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

E2
0�0

<latexit sha1_base64="hw7EG9vmo+pdyJCvmPrTN/DzZ7Q=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0GzmMdec0hC5zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0JgkIk=</latexit>

E2
1�1

<latexit sha1_base64="zq0QP8BMtGMlEsyEcdrnO2uvJWo=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbBU0mqoseiCB4r2A9oYthsN+3SzSbsboQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8MOVMacf5tkorq2vrG+XNytb2zu6evX/QVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044upn6nScqFUvEgx6n1I/xQLCIEayN5N0G7mMdec0hC9zArjo1Zwa0TNyCVKFAM7C/vH5CspgKTThWquc6qfZzLDUjnE4qXqZoiskID2jPUIFjqvx8dvMEnRilj6JEmhIazdTfEzmOlRrHoemMsR6qRW8q/uf1Mh1d+TkTaaapIPNFUcaRTtA0ANRnkhLNx4ZgIpm5FZEhlphoE1PFhOAuvrxM2vWae1a7uD+vNq6LOMpwBMdwCi5cQgPuoAktIJDCM7zCm5VZL9a79TFvLVnFzCH8gfX5A0VxkIs=</latexit>

E1
<latexit sha1_base64="rnclrQgwnK1NINQncjOqZKmdmSs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9coVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4BwDONdA==</latexit> Eres.

<latexit sha1_base64="9exKsiiIgyZSkKKAwRicprcIDyE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgKiQ+0GVRBJcV7AOaUCbTSTt0ZhJmJkIJ/Q03LhRx68+482+ctllo64ELh3Pu5d57opQzbTzv2ymtrK6tb5Q3K1vbO7t71f2Dlk4yRWiTJDxRnQhrypmkTcMMp51UUSwiTtvR6Hbqt5+o0iyRj2ac0lDggWQxI9hYKbjr5YESSFHtTnrVmud6M6Bl4hekBgUavepX0E9IJqg0hGOtu76XmjDHyjDC6aQSZJqmmIzwgHYtlVhQHeazmyfoxCp9FCfKljRopv6eyLHQeiwi2ymwGepFbyr+53UzE1+HOZNpZqgk80VxxpFJ0DQA1GeKEsPHlmCimL0VkSFWmBgbU8WG4C++vExaZ65/7l4+XNTqN0UcZTiCYzgFH66gDvfQgCYQSOEZXuHNyZwX5935mLeWnGLmEP7A+fwBmcKRaA==</latexit>

After        successive 
scattering processes  
during the propagation,

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

E1 ⇠ E0/2
Nc

<latexit sha1_base64="3+j3v5Xu/uoiBpjKTKMyO4afF9c=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzpTFV0WpeBKKtgHtOOQSTNtaJIZkoxQh+KvuHGhiFv/w51/Y9rOQlsPXDiccy/33hPEjCrtON9WbmFxaXklv1pYW9/Y3LK3dxoqSiQmdRyxSLYCpAijgtQ11Yy0YkkQDxhpBoOrsd98IFLRSNzpYUw8jnqChhQjbSTf3qv6LuwoymHVd47L9+mNj0e+XXRKzgRwnrgZKYIMNd/+6nQjnHAiNGZIqbbrxNpLkdQUMzIqdBJFYoQHqEfahgrEifLSyfUjeGiULgwjaUpoOFF/T6SIKzXkgenkSPfVrDcW//PaiQ4vvJSKONFE4OmiMGFQR3AcBexSSbBmQ0MQltTcCnEfSYS1CaxgQnBnX54njXLJPSmd3Z4WK5dZHHmwDw7AEXDBOaiAa1ADdYDBI3gGr+DNerJerHfrY9qas7KZXfAH1ucPOx6Tzw==</latexit>

�1 ⇠ 2Nc �0
<latexit sha1_base64="WlNsx5vChukPzF027eegTqj9Spw=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KklVdFl040oq2Ac0MUymk3bozCTMTIQSunHjr7hxoYhb/8Gdf+M0zUJbD1w4nHMv994TJowq7Tjf1sLi0vLKammtvL6xubVt7+y2VJxKTJo4ZrHshEgRRgVpaqoZ6SSSIB4y0g6HVxO//UCkorG406OE+Bz1BY0oRtpIgX3gNQY0cKGnKIe1++wmwGPowVx1ArviVJ0ccJ64BamAAo3A/vJ6MU45ERozpFTXdRLtZ0hqihkZl71UkQThIeqTrqECcaL8LP9iDI+M0oNRLE0JDXP190SGuFIjHppOjvRAzXoT8T+vm+rows+oSFJNBJ4uilIGdQwnkcAelQRrNjIEYUnNrRAPkERYm+DKJgR39uV50qpV3ZPq2e1ppX5ZxFEC++AQHAMXnIM6uAYN0AQYPIJn8ArerCfrxXq3PqatC1Yxswf+wPr8AQEplvw=</latexit>

Nc
<latexit sha1_base64="2T8Dinx/olW3dFU1j+uhHN3w/ys=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BL54konlAsoTZSW8yZHZ2mZkVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMrqd+6xGV5rF8MOME/YgOJA85o8ZK97c91itX3Ko7A/lLvJxUIEe9V/7s9mOWRigNE1Trjucmxs+oMpwJnJS6qcaEshEdYMdSSSPUfjY7dUKOrNInYaxsSUNm6s+JjEZaj6PAdkbUDPWiNxX/8zqpCS/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdkQvMWX/5LmSdU7rZ7fnVVqV3kcRTiAQzgGDy6gBjdQhwYwGMATvMCrI5xn5815n7cWnHxmH37B+fgGGcCNrw==</latexit>

determined by 
Mean Free Path

Nc = Lprop/�⌫
<latexit sha1_base64="igMxK+3ZtTgT68pVwEqeqfRq0xI=">AAACCXicbVDLSsQwFE3H1zi+qi7dBAfB1dj6QDfCoBsXIiM4D5iWkqbpTJg0DUkqDKVbN/6KGxeKuPUP3Pk3Zh4LHT0QOJxzDzf3hIJRpR3nyyrNzS8sLpWXKyura+sb9uZWS6WZxKSJU5bKTogUYZSTpqaakY6QBCUhI+1wcDny2/dEKpryOz0UxE9Qj9OYYqSNFNjwJsDwHF4HuScTKGQqigOPmXyEjMSzIrCrTs0ZA/4l7pRUwRSNwP70ohRnCeEaM6RU13WE9nMkNcWMFBUvU0QgPEA90jWUo4QoPx9fUsA9o0QwTqV5XMOx+jORo0SpYRKayQTpvpr1RuJ/XjfT8ZmfUy4yTTieLIozBnUKR7XAiEqCNRsagrCk5q8Q95FEWJvyKqYEd/bkv6R1WHOPaie3x9X6xbSOMtgBu2AfuOAU1MEVaIAmwOABPIEX8Go9Ws/Wm/U+GS1Z08w2+AXr4xu2rZnA</latexit>

mass of 
mediator

Eres. '
p

2m⌫E⌫ ' m�
<latexit sha1_base64="eApTnrCZppasdxJ/T47YP1IIwq0=">AAACHnicbVDLSgMxFM34rPVVdekmWARXw4wPdFmUgssK9gGdYciktzaYZMYkI5ShX+LGX3HjQhHBlf6N6QPR1gPJPZxzL8k9ccqZNp735czNLywuLRdWiqtr6xubpa3thk4yRaFOE56oVkw0cCahbpjh0EoVEBFzaMa3F0O/eQ9Ks0Rem34KoSA3knUZJcZKUemkGuWBEliBdgc40EzAnS13yuSHIgpkhqvD+8eyWtpjUansud4IeJb4E1JGE9Si0kfQSWgmQBrKidZt30tNmBNlGOUwKAaZhpTQW3IDbUslEaDDfLTeAO9bpYO7ibJHGjxSf0/kRGjdF7HtFMT09LQ3FP/z2pnpnoU5k2lmQNLxQ92MY5PgYVa4wxRQw/uWEKqY/SumPaIINTbRog3Bn155ljQOXf/IPbk6LlfOJ3EU0C7aQwfIR6eogi5RDdURRQ/oCb2gV+fReXbenPdx65wzmdlBf+B8fgMGGKJw</latexit>

�⌫ =
1

n⌫�⌫⌫<latexit sha1_base64="r5SyRfFKareAcFW2k127mLtiqCI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwFRIf6EYounFZwT6gCWEymbRDJ5MwMxFKyF+48VfcuFDEre78G6dpFtp6YOBwzrncuSdIGZXKtr+N2tLyyupafb2xsbm1vWPu7nVlkglMOjhhiegHSBJGOekoqhjpp4KgOGCkF4xvpn7vgQhJE36vJinxYjTkNKIYKS35puUyHQ6R7/IMXkE3EgjnTpHzUnAlHcbIz0vOs6LwzaZt2SXgInEq0gQV2r755YYJzmLCFWZIyoFjp8rLkVAUM1I03EySFOExGpKBphzFRHp5eVcBj7QSwigR+nEFS/X3RI5iKSdxoJMxUiM5703F/7xBpqJLL6c8zRTheLYoyhhUCZyWBEMqCFZsognCguq/QjxCuhqlq2zoEpz5kxdJ98RyTq3zu7Nm67qqow4OwCE4Bg64AC1wC9qgAzB4BM/gFbwZT8aL8W58zKI1o5rZB39gfP4AOJ2f/Q==</latexit>

related to 
coupling of 
interaction

                 Comparing the observed neutrino spectrum 
                    with a known set of predicted  (      ,      ) 
    One can probe neutrino interaction parameters (       ,     )

E0
<latexit sha1_base64="5eisAYLZcajRlleo4e4bsWL/p6o=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BETxGNA9IljA76U2GzM4uM7NCWPIJXjwo4tUv8ubfOEn2oNGChqKqm+6uIBFcG9f9cgpLyyura8X10sbm1vZOeXevqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR9dRvPaLSPJYPZpygH9GB5CFn1Fjp/qbn9soVt+rOQP4SLycVyFHvlT+7/ZilEUrDBNW647mJ8TOqDGcCJ6VuqjGhbEQH2LFU0gi1n81OnZAjq/RJGCtb0pCZ+nMio5HW4yiwnRE1Q73oTcX/vE5qwks/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0SjYEb/Hlv6R5UvVOq+d3Z5XaVR5HEQ7gEI7BgwuowS3UoQEMBvAEL/DqCOfZeXPe560FJ5/Zh19wPr4Bvq+Ncw==</latexit>

�0
<latexit sha1_base64="gBhO6JYRjOUTTT2zrgug9sycq6o=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o1pOwttPXDhcM693HtPmAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuukZrc+5D2vV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv559fL+olK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwALBo7J</latexit>

m�
<latexit sha1_base64="irtzVk1ONxK2UYoWK2PBvtrygUI=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMu6DHoxWMEs0AyhJ5OT9Kml6G7RwhD/sGLB0W8+j/e/Bs7yRw08UHB470qqupFCWfG+v63V1hZXVvfKG6WtrZ3dvfK+wdNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc1Ra+bDFmvXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2bUTdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MbXYcZkkloqyXxRnHJkFZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86wanFcv7y8qtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCm6e8F+/d+5i3Frx85hD+wPv8AZh+jyY=</latexit>

g�
<latexit sha1_base64="RSyHkaQzh+UcTtfUrDCzHL3APH8=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZ8oMuiG5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o1pOwttPXDhcM693HtPmAhurOd9o8LK6tr6RnGztLW9s7tX3j9oGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuuk5qDXTYa8V654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv559fL+olK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwCPSI8g</latexit>

Let's apply it to the observed data from a specific soucce!



Multi-messenger observation 
from Blazar TXS 0506+056

• Blazar : Active Galactic Nuclei (AGN) with relativistic jets 
(mostly energetic       ,       above PeV energies)p+

<latexit sha1_base64="0EApcvixH+EMD+AUOv7S6UrELWE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCWx4mNXdOOyon1AG8tkOmmHTiZhZiKU0E9w40IRt36RO//GSRpErQcuHM65l3vv8SLOlLbtT6uwsLi0vFJcLa2tb2xulbd3WiqMJaFNEvJQdjysKGeCNjXTnHYiSXHgcdr2xlep336gUrFQ3OlJRN0ADwXzGcHaSLfR/VG/XLGrdgY0T5ycVCBHo1/+6A1CEgdUaMKxUl3HjrSbYKkZ4XRa6sWKRpiM8ZB2DRU4oMpNslOn6MAoA+SH0pTQKFN/TiQ4UGoSeKYzwHqk/nqp+J/XjbV/7iZMRLGmgswW+TFHOkTp32jAJCWaTwzBRDJzKyIjLDHRJp1SFsJFitPvl+dJ67jq1Kq1m5NK/TKPowh7sA+H4MAZ1OEaGtAEAkN4hGd4sbj1ZL1ab7PWgpXP7MIvWO9fDauNyA==</latexit>

e�
<latexit sha1_base64="CUBPI1C7fN2EglUSGw7hV3ivD6k=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgxpJY8bErunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1746vUbz9QqVgo7vQkom6Ah4L5jGBtpFt6f9QvV+yqnQHNEycnFcjR6Jc/eoOQxAEVmnCsVNexI+0mWGpGOJ2WerGiESZjPKRdQwUOqHKT7NQpOjDKAPmhNCU0ytSfEwkOlJoEnukMsB6pv14q/ud1Y+2fuwkTUaypILNFfsyRDlH6NxowSYnmE0MwkczcisgIS0y0SaeUhXCR4vT75XnSOq46tWrt5qRSv8zjKMIe7MMhOHAGdbiGBjSBwBAe4RleLG49Wa/W26y1YOUzu/AL1vsX/+KNvw==</latexit>

synchrotron or bkg 
photon 

O(10) keV

energetic jets 
(nuclei, electrons) 

O(10) PeV

p
s =

p
2EjetE� ⇠ O(1� 10) GeV

<latexit sha1_base64="JKAWfMUmdJibHg5vbFy/vSj/ElY="></latexit>

CM frame scale of 
            production� and ⌫

<latexit sha1_base64="5BadEuM7YMgCE4I9zUDVPAZbStY="></latexit>



Multi-messenger observation 
from Blazar TXS 0506+056

• Blazar : AGN w/ relativistic jets 
(mostly energetic      ,       above     
  PeV energies)

p+
<latexit sha1_base64="0EApcvixH+EMD+AUOv7S6UrELWE=">AAAB6nicbVDLSsNAFL2pr1pfVZduBosgCCWx4mNXdOOyon1AG8tkOmmHTiZhZiKU0E9w40IRt36RO//GSRpErQcuHM65l3vv8SLOlLbtT6uwsLi0vFJcLa2tb2xulbd3WiqMJaFNEvJQdjysKGeCNjXTnHYiSXHgcdr2xlep336gUrFQ3OlJRN0ADwXzGcHaSLfR/VG/XLGrdgY0T5ycVCBHo1/+6A1CEgdUaMKxUl3HjrSbYKkZ4XRa6sWKRpiM8ZB2DRU4oMpNslOn6MAoA+SH0pTQKFN/TiQ4UGoSeKYzwHqk/nqp+J/XjbV/7iZMRLGmgswW+TFHOkTp32jAJCWaTwzBRDJzKyIjLDHRJp1SFsJFitPvl+dJ67jq1Kq1m5NK/TKPowh7sA+H4MAZ1OEaGtAEAkN4hGd4sbj1ZL1ab7PWgpXP7MIvWO9fDauNyA==</latexit>

e�
<latexit sha1_base64="CUBPI1C7fN2EglUSGw7hV3ivD6k=">AAAB6nicbVDLSsNAFL2pr1pfVZduBovgxpJY8bErunFZ0T6gjWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jJA2i1gMXDufcy733eBFnStv2p1VYWFxaXimultbWNza3yts7LRXGktAmCXkoOx5WlDNBm5ppTjuRpDjwOG1746vUbz9QqVgo7vQkom6Ah4L5jGBtpFt6f9QvV+yqnQHNEycnFcjR6Jc/eoOQxAEVmnCsVNexI+0mWGpGOJ2WerGiESZjPKRdQwUOqHKT7NQpOjDKAPmhNCU0ytSfEwkOlJoEnukMsB6pv14q/ud1Y+2fuwkTUaypILNFfsyRDlH6NxowSYnmE0MwkczcisgIS0y0SaeUhXCR4vT75XnSOq46tWrt5qRSv8zjKMIe7MMhOHAGdbiGBjSBwBAe4RleLG49Wa/W26y1YOUzu/AL1vsX/+KNvw==</latexit>

• By the scatterings with bkg     
and synchrotron radiations,

�
<latexit sha1_base64="RLo74d81uPDWdGk+KnOPcW1qYHM=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKewa8XELevEYwTwgWULvZJKMmdlZZmaFsOQfvHhQxKv/482/cXaziBoLGoqqbrq7gogzbVz30yksLa+srhXXSxubW9s75d29lpaxIrRJJJeqE4CmnIW0aZjhtBMpCiLgtB1MrlO//UCVZjK8M9OI+gJGIRsyAsZKrd4IhIB+ueJW3Qx4kXg5qaAcjX75ozeQJBY0NISD1l3PjYyfgDKMcDor9WJNIyATGNGupSEIqv0ku3aGj6wywEOpbIUGZ+rPiQSE1lMR2E4BZqz/eqn4n9eNzfDCT1gYxYaGZL5oGHNsJE5fxwOmKDF8agkQxeytmIxBATE2oFIWwmWKs++XF0nrpOrVqrXb00r9Ko+jiA7QITpGHjpHdXSDGqiJCLpHj+gZvTjSeXJenbd5a8HJZ/bRLzjvX5+zj0w=</latexit>

• Photo-Pion prod.

e�bkg ! e�
<latexit sha1_base64="kYM16pKsSDxs4WtMzMMaFLU2IPA=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VVIrPnZFNy4r2Ac0odxMp+nQmSTMTJQS+glu/BU3LhRx69Kdf2OShqLWAxcO59zLvfe4IWdKW9aXUVhYXFpeKa6W1tY3NrfM7Z2WCiJJaJMEPJAdFxTlzKdNzTSnnVBSEC6nbXd0lfrtOyoVC/xbPQ6pI8Dz2YAR0InUMw8ptj0QAnqxLQV2R94E25J5Qw1SBvd4Zptlq2JlwPOkmpMyytHomZ92PyCRoL4mHJTqVq1QOzFIzQink5IdKRoCGYFHuwn1QVDlxNlDE3yQKH08CGRSvsaZ+nMiBqHUWLhJpwA9VH+9VPzP60Z6cO7EzA8jTX0yXTSIONYBTtPBfSYp0XycECCSJbdiMgQJRCcZlrIQLlKczl6eJ63jSrVWqd2clOuXeRxFtIf20RGqojNUR9eogZqIoAf0hF7Qq/FoPBtvxvu0tWDkM7voF4yPb277nPs=</latexit>

p�bkg ! p⇡0, n⇡+
<latexit sha1_base64="5EbxoheBkXr1oW7/uja0bfaugio=">AAACGHicbZBLSwMxFIUzvq2vqks3wSIISp1a8bET3bisYKvQqcOdNDMNTTJDklHK0J/hxr/ixoUibrvz35hOi/g6EPg454bkniDhTBvX/XAmJqemZ2bn5gsLi0vLK8XVtYaOU0VoncQ8VjcBaMqZpHXDDKc3iaIgAk6vg+75ML++o0qzWF6ZXkJbAiLJQkbAWMsv7iXYi0AI8DNPCRx0oz72FIs6BpSK77GNE3br7mKZw45fLLllNxf+C5UxlNBYNb848NoxSQWVhnDQullxE9PKQBlGOO0XvFTTBEgXItq0KEFQ3cryxfp4yzptHMbKHmlw7n6/kYHQuicCOynAdPTvbGj+lzVTEx63MiaT1FBJRg+FKccmxsOWcJspSgzvWQCimP0rJh1QQIztspCXcDLU4dfKf6GxX65Uy9XLg9Lp2biOObSBNtE2qqAjdIouUA3VEUEP6Am9oFfn0Xl23pz30eiEM76zjn7IGXwCONqfXQ==</latexit>
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• Usually both energetic neutrino around O(100) TeV - O(100) PeV and 
multi-wavelength (from optical to gamma-rays) photon fluxes are expected.



Multi-messenger observation 
from Blazar TXS 0506+056

O(100) TeV high E neutrino

Gamma rays O(1-100) GeV

•     flare in TXS 0506+056 (2017) :  
the first complete set of 
multi-messenger observation 
including both photon and neutrinos 
from the same astrophysical source.

Fermi-LAT MAGIC

IceCube⌫
<latexit sha1_base64="98Gl86ccJDisuJqbqOKzww4DVUQ=">AAAB6nicbVDLSsNAFL2pr1pfUZduBovgqiRWfOyKblxWtA9oQ5lMJ+3QySTMTIQS+gluXCji1i9y5984SYOo9cCFwzn3cu89fsyZ0o7zaZWWlldW18rrlY3Nre0de3evraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cp35nQcqFYvEvZ7G1AvxSLCAEayNdNcXycCuOjUnB1okbkGqUKA5sD/6w4gkIRWacKxUz3Vi7aVYakY4nVX6iaIxJhM8oj1DBQ6p8tL81Bk6MsoQBZE0JTTK1Z8TKQ6Vmoa+6QyxHqu/Xib+5/USHVx4KRNxoqkg80VBwpGOUPY3GjJJieZTQzCRzNyKyBhLTLRJp5KHcJnh7PvlRdI+qbn1Wv32tNq4KuIowwEcwjG4cA4NuIEmtIDACB7hGV4sbj1Zr9bbvLVkFTP78AvW+xd3q44O</latexit>

high E muon neutrinoE⌫ = 290 TeV
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183 TeV  E⌫  4.3 PeV at 90% C.L.
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Multi-messenger observation 
from Blazar TXS 0506+056

high E 
neutrino

GeV-TeV 
gamma 

rays

no photons 
above TeV

A dip 
in X-rays

Optical

Radio

TeVGeV PeV
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• Leptonic vs. Hadronic model

Astrophysical models for Blazar

Leptonic model Hadronic model
Low energy photon 

(< O(1) GeV) electron synchrotron proton synchrotron

High energy photon 
(1 GeV ~ 100 TeV)

inverse compton 
+ EM cascade

photopion production 
+ neutral pion decay 

+ EM cascade

high energy neutrino 
(100 TeV ~ 10 PeV) -

photopion production

+ charged pion decay


+ muon, neutron decay 
(no cascade during propag.)

no neutrino 
in pure leptonic  

model



• Leptonic vs. Hadronic model

Astrophysical models for Blazar

Leptonic model Hadronic model
Low energy photon 

(< O(1) GeV) electron synchrotron proton synchrotron

High energy photon 
(1 GeV ~ 100 TeV)

inverse compton 
+ EM cascade

photopion production 
+ neutral pion decay 

+ EM cascade

high energy neutrino 
(100 TeV ~ 10 PeV) -

photopion production

+ charged pion decay


+ muon, neutron decay 
(no cascade during propag.)

Additional small 
amount of protons

(Lepto-hadronic model)
Favored (but not enough) to explain 
TXS 0506+056 photon/neutrino spectrum

no neutrino 
in pure leptonic  

model
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A. Keivani et al. [1807.04537]

M. Cerruti et al. [1807.04335]



Astrophysical models for Blazar

A. Keivani et al. [1807.04537]

M. Cerruti et al. [1807.04335]

• Pure hadronic models has been  
ruled out due to the overshoot in X-ray.
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• The leptonic model scenarios are favored 
to explain EM multi-wavelength obs.

• Pure hadronic models has been  
ruled out due to the overshoot in X-ray.



Astrophysical models for Blazar

A. Keivani et al. [1807.04537]

M. Cerruti et al. [1807.04335]

2.0/yr

• The leptonic model scenarios are favored 
to explain EM multi-wavelength obs.

2.0/yr
inv. 

compton
synch. 

rad.

inv. 
compton

synch. 
rad.

• Most events are expected at O(100) PeV energies and 
Event rate at 100 TeV - 1 PeV energy is suppressed as ~ 10�3 � 10�2/yr
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Astrophysical models for Blazar

A. Keivani et al. [1807.04537]
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2.0/yr

• The leptonic model scenarios are favored 
to explain EM multi-wavelength obs.

2.0/yr
inv. 

compton
synch. 

rad.

inv. 
compton

synch. 
rad.

• Most events are expected at O(100) PeV energies and 
Event rate at 100 TeV - 1 PeV energy is suppressed as ~ 10�3 � 10�2/yr
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• Obtaining O(1)/yr event rate at IceCube is very tough 
within simplest astrophysical models.

• Pure hadronic models has been  
ruled out due to the overshoot in X-ray.



Propagation of messengers 
in astrophysical events

Fig. from C. Rott’s talk 
@NEPLES 2019



Propagation of messengers 
in astrophysical events

� spectrum
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⌫ spectrum
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BSM effect?

multi-messenger sig. 
including 

Fig. from C. Rott’s talk 
@NEPLES 2019 ⌫ & �
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New self-interaction of neutrinos 
and neutrino cascade during propagation

• Obtaining the modified flux with simple neutrino cascades
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Absorption of  
energetic neutrino 

by resonance

Production of 
down-scattered  

secondary neutrinos
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MFP of neutrino

E ⇠ m⌫
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Neutrino cascade occurs during 
extragalactic propagation 

with MFP ~ O(200-1000) Mpc
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Suppression 
of multi-PeV 
neutrino flux

Enhancement 
of sub-PeV 

neutrino flux

•Enhancement of neutrino flux at 100 TeV - 1 PeV 
without changing any EM component spectrum 

' O(10� 100)
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•Suppression of neutrino flux at ~ 3-10 PeV by resonance 
     The absence (or suppression) of multi-PeV neutrino events

Event spectrum at IceCube

Enhanced 
# of events

YSJ, J. Kim, D. W. Kang, 
J.-C. Park, S. C. Park 
[1912.xxxxx]



Event spectrum at IceCube
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•Observation of 
multi-PeV neutrinos 
from distant sources  
(> O(1) Gpc) can constrain 
this scenario in future.



Conclusion
• The neutrino flare at TXS 0506+056 is a first complete set of multi-messenger 

observation including photons and neutrinos.


• Pure hadronic models are disfavored and  
 Leptonic models are suffered from the explanation of IceCube neutrino obs.


• Neutrino self-interaction with a light hidden mediator (m ~ 10-50 MeV) 
enhances in O(100) TeV neutrinos and suppresses O(1-10) PeV neutrinos 
due to the neutrino cascade during propagation that can explain the observed 
anomaly.
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mf=15 MeV, gf=0.2 Hpoint ÚL
mf=21.5 MeV, gf=0.22 Hpoint ‡L• Future multi-messenger 

observation will increase 
the statistics for the test of 
this scenarios, providing  
the detailed features of 
low energy neutrino sector.
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