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 Standard high energy atm oscillation
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The standard oscillation of neutrinos disappear with the increase 
of energy
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For νe (although the osc. length converges to the refraction 
length ~ Earth’s radius):

For νµ and ντ the mixing angle is unsuppressed, but the osc. length 
increases with energy and becomes much larger than the Earth’s 
diameter.

For energies >~ 100 GeV, no standard oscillation
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Any oscillation at energies >~ 100 GeV 
can testify NSI (generally new physics)

✔ Oscillation in the presence of NSI (for anti-nu: V -> -V and U -> U*)
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✔ Normalizing by the d-quark density

✏ =
X

f

nf

nd
✏f

<latexit sha1_base64="MpRa0Rw4UbrhwTquqXS+HuqsbLk=">AAACFXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MTQT0IQy8eJ1gdrLWkabKFpWlJUmGUfgovfhUvHlS8Ct78NmZbBd18kPB47/1Ifi9MOVPacb6sytz8wuJSdbm2srq2vmFvbt2oJJOYuDjhieyESBHOBHE105x0UklQHHJyGw4uRv7tPZGKJeJaD1Pix6gnGGUYaSMF9oFHUsV4IuAZ9FQWBxR6VCKci4AW5ooK+JO4ozCw607DGQPOkmZJ6qBEO7A/vSjBWUyExhwp1W06qfZzJDXDnBQ1L1MkRXiAeqRrqEAxUX4+XquAe0aJIE2kOULDsfp7IkexUsM4NMkY6b6a9kbif1430/TEz5lIM00EnjxEMw51AkcdwYhJgjUfGoKwZOavEPeRaUWbJmumhOb0yrPEPWycNpyro3rrvGyjCnbALtgHTXAMWuAStIELMHgAT+AFvFqP1rP1Zr1PohWrnNkGf2B9fAO5Ep9P</latexit><latexit sha1_base64="MpRa0Rw4UbrhwTquqXS+HuqsbLk=">AAACFXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MTQT0IQy8eJ1gdrLWkabKFpWlJUmGUfgovfhUvHlS8Ct78NmZbBd18kPB47/1Ifi9MOVPacb6sytz8wuJSdbm2srq2vmFvbt2oJJOYuDjhieyESBHOBHE105x0UklQHHJyGw4uRv7tPZGKJeJaD1Pix6gnGGUYaSMF9oFHUsV4IuAZ9FQWBxR6VCKci4AW5ooK+JO4ozCw607DGQPOkmZJ6qBEO7A/vSjBWUyExhwp1W06qfZzJDXDnBQ1L1MkRXiAeqRrqEAxUX4+XquAe0aJIE2kOULDsfp7IkexUsM4NMkY6b6a9kbif1430/TEz5lIM00EnjxEMw51AkcdwYhJgjUfGoKwZOavEPeRaUWbJmumhOb0yrPEPWycNpyro3rrvGyjCnbALtgHTXAMWuAStIELMHgAT+AFvFqP1rP1Zr1PohWrnNkGf2B9fAO5Ep9P</latexit><latexit sha1_base64="MpRa0Rw4UbrhwTquqXS+HuqsbLk=">AAACFXicbVBPS8MwHE3nvzn/VT16CQ7Bi6MTQT0IQy8eJ1gdrLWkabKFpWlJUmGUfgovfhUvHlS8Ct78NmZbBd18kPB47/1Ifi9MOVPacb6sytz8wuJSdbm2srq2vmFvbt2oJJOYuDjhieyESBHOBHE105x0UklQHHJyGw4uRv7tPZGKJeJaD1Pix6gnGGUYaSMF9oFHUsV4IuAZ9FQWBxR6VCKci4AW5ooK+JO4ozCw607DGQPOkmZJ6qBEO7A/vSjBWUyExhwp1W06qfZzJDXDnBQ1L1MkRXiAeqRrqEAxUX4+XquAe0aJIE2kOULDsfp7IkexUsM4NMkY6b6a9kbif1430/TEz5lIM00EnjxEMw51AkcdwYhJgjUfGoKwZOavEPeRaUWbJmumhOb0yrPEPWycNpyro3rrvGyjCnbALtgHTXAMWuAStIELMHgAT+AFvFqP1rP1Zr1PohWrnNkGf2B9fAO5Ep9P</latexit>

X

f

Vf ✏
f = 3✏VCC

<latexit sha1_base64="UFCO3/yZ9yg5qEhRO5HYasjK01E=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwNUxVUBdCsRuXFZxa6IxDJs20oUlmSDJCGfoXbvwVNy5U3Io7/8a0HURbD1w4Oedebu6JUkaVdt0vq7SwuLS8Ul6trK1vbG7Z2zstlWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjt9GgMfZv74lUNBE3epiSgKOeoDHFSBsptB1fZTyMYcuUT1JFWSLuYngBj3+exst9yWGjMYKhXXUddwI4T2oFqYICzdD+9LsJzjgRGjOkVKfmpjrIkdQUMzKq+JkiKcID1CMdQwXiRAX55K4RPDBKF8aJNCU0nKi/J3LElRryyHRypPtq1huL/3mdTMdnQU5Fmmki8HRRnDGoEzgOCXapJFizoSEIS2r+CnEfSYS1ibJiQqjNnjxPvCPn3HGvT6r1yyKNMtgD++AQ1MApqIMr0AQewOABPIEX8Go9Ws/Wm/U+bS1Zxcwu+APr4xsMYZ4p</latexit><latexit sha1_base64="UFCO3/yZ9yg5qEhRO5HYasjK01E=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwNUxVUBdCsRuXFZxa6IxDJs20oUlmSDJCGfoXbvwVNy5U3Io7/8a0HURbD1w4Oedebu6JUkaVdt0vq7SwuLS8Ul6trK1vbG7Z2zstlWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjt9GgMfZv74lUNBE3epiSgKOeoDHFSBsptB1fZTyMYcuUT1JFWSLuYngBj3+exst9yWGjMYKhXXUddwI4T2oFqYICzdD+9LsJzjgRGjOkVKfmpjrIkdQUMzKq+JkiKcID1CMdQwXiRAX55K4RPDBKF8aJNCU0nKi/J3LElRryyHRypPtq1huL/3mdTMdnQU5Fmmki8HRRnDGoEzgOCXapJFizoSEIS2r+CnEfSYS1ibJiQqjNnjxPvCPn3HGvT6r1yyKNMtgD++AQ1MApqIMr0AQewOABPIEX8Go9Ws/Wm/U+bS1Zxcwu+APr4xsMYZ4p</latexit><latexit sha1_base64="UFCO3/yZ9yg5qEhRO5HYasjK01E=">AAACFnicbVDLSgMxFM3UV62vUZdugkVwNUxVUBdCsRuXFZxa6IxDJs20oUlmSDJCGfoXbvwVNy5U3Io7/8a0HURbD1w4Oedebu6JUkaVdt0vq7SwuLS8Ul6trK1vbG7Z2zstlWQSEw8nLJHtCCnCqCCeppqRdioJ4hEjt9GgMfZv74lUNBE3epiSgKOeoDHFSBsptB1fZTyMYcuUT1JFWSLuYngBj3+exst9yWGjMYKhXXUddwI4T2oFqYICzdD+9LsJzjgRGjOkVKfmpjrIkdQUMzKq+JkiKcID1CMdQwXiRAX55K4RPDBKF8aJNCU0nKi/J3LElRryyHRypPtq1huL/3mdTMdnQU5Fmmki8HRRnDGoEzgOCXapJFizoSEIS2r+CnEfSYS1ibJiQqjNnjxPvCPn3HGvT6r1yyKNMtgD++AQ1MApqIMr0AQewOABPIEX8Go9Ws/Wm/U+bS1Zxcwu+APr4xsMYZ4p</latexit>

✓
nd

ne
' 3

◆

<latexit sha1_base64="mZkg3U7bx0Mvm844kBmpBmjGcwI=">AAACDHicbVDLTgJBEJzFF+IL9ehlIprghSxqot6IXjxiIkLCEjI79MKE2dl1pteEbPgBL/6KFw9qvPoB3vwbh8dBwUq6U6nqzkyXH0th0HW/nczC4tLySnY1t7a+sbmV3965M1GiOdR4JCPd8JkBKRTUUKCERqyBhb6Eut+/Gvn1B9BGROoWBzG0QtZVIhCcoZXa+QNPQoBFL9CMp6rdGdoGQ8+IEO7piadFt4dH7XzBLblj0HlSnpICmaLazn95nYgnISjkkhnTLLsxtlKmUXAJw5yXGIgZ77MuNC1VLATTSsfXDOmhVTo0iLQthXSs/t5IWWjMIPTtZMiwZ2a9kfif10wwOG+lQsUJguKTh4JEUozoKBraERo4yoEljGth/0p5j9lg0AaYsyGUZ0+eJ7Xj0kXJvTktVC6naWTJHtknRVImZ6RCrkmV1Agnj+SZvJI358l5cd6dj8loxpnu7JI/cD5/ACy7m9E=</latexit><latexit sha1_base64="mZkg3U7bx0Mvm844kBmpBmjGcwI=">AAACDHicbVDLTgJBEJzFF+IL9ehlIprghSxqot6IXjxiIkLCEjI79MKE2dl1pteEbPgBL/6KFw9qvPoB3vwbh8dBwUq6U6nqzkyXH0th0HW/nczC4tLySnY1t7a+sbmV3965M1GiOdR4JCPd8JkBKRTUUKCERqyBhb6Eut+/Gvn1B9BGROoWBzG0QtZVIhCcoZXa+QNPQoBFL9CMp6rdGdoGQ8+IEO7piadFt4dH7XzBLblj0HlSnpICmaLazn95nYgnISjkkhnTLLsxtlKmUXAJw5yXGIgZ77MuNC1VLATTSsfXDOmhVTo0iLQthXSs/t5IWWjMIPTtZMiwZ2a9kfif10wwOG+lQsUJguKTh4JEUozoKBraERo4yoEljGth/0p5j9lg0AaYsyGUZ0+eJ7Xj0kXJvTktVC6naWTJHtknRVImZ6RCrkmV1Agnj+SZvJI358l5cd6dj8loxpnu7JI/cD5/ACy7m9E=</latexit><latexit sha1_base64="mZkg3U7bx0Mvm844kBmpBmjGcwI=">AAACDHicbVDLTgJBEJzFF+IL9ehlIprghSxqot6IXjxiIkLCEjI79MKE2dl1pteEbPgBL/6KFw9qvPoB3vwbh8dBwUq6U6nqzkyXH0th0HW/nczC4tLySnY1t7a+sbmV3965M1GiOdR4JCPd8JkBKRTUUKCERqyBhb6Eut+/Gvn1B9BGROoWBzG0QtZVIhCcoZXa+QNPQoBFL9CMp6rdGdoGQ8+IEO7piadFt4dH7XzBLblj0HlSnpICmaLazn95nYgnISjkkhnTLLsxtlKmUXAJw5yXGIgZ77MuNC1VLATTSsfXDOmhVTo0iLQthXSs/t5IWWjMIPTtZMiwZ2a9kfif10wwOG+lQsUJguKTh4JEUozoKBraERo4yoEljGth/0p5j9lg0AaYsyGUZ0+eJ7Xj0kXJvTktVC6naWTJHtknRVImZ6RCrkmV1Agnj+SZvJI358l5cd6dj8loxpnu7JI/cD5/ACy7m9E=</latexit>

H3⌫ =
1

2E⌫
UPMNS

0

@
0 0 0
0 �m2

21 0
0 0 �m2

31

1

AU†
PMNS +

0

@

p
2GFne 0 0
0 0 0
0 0 0

1

A+ 3VCC ✏

<latexit sha1_base64="uZWzG5KjeqzR854TpljJisO5g3g="></latexit><latexit sha1_base64="uZWzG5KjeqzR854TpljJisO5g3g="></latexit><latexit sha1_base64="uZWzG5KjeqzR854TpljJisO5g3g="></latexit>

✏ =

0

@
✏ee ✏eµ ✏e⌧
✏⇤eµ ✏µµ ✏µ⌧
✏⇤e⌧ ✏⇤µ⌧ ✏⌧⌧

1

A

<latexit sha1_base64="lhKBT+4t/tELjDyMy6MJGlq8hPM="></latexit><latexit sha1_base64="lhKBT+4t/tELjDyMy6MJGlq8hPM="></latexit><latexit sha1_base64="lhKBT+4t/tELjDyMy6MJGlq8hPM="></latexit>

where ✏↵� = ✏⇤↵�
<latexit sha1_base64="NK3NYkgIJ1ZkjC7UBPO5t4E1poA=">AAACHHicbZC7SkNBEIb3xFuMt6ilzWIQrMKJCGohBG0sIxgTyIlhzmaSLNlzYXeOEA55ERtfxcZCxcZC8G3cXApNMrDw8f8zzM7vx0oact0fJ7O0vLK6ll3PbWxube/kd/fuTZRogVURqUjXfTCoZIhVkqSwHmuEwFdY8/vXI7/2iNrIKLyjQYzNALqh7EgBZKVW/tTD2EhlMfVAxT3wfCQY8ku+2HjwwFArX3CL7rj4PJSmUGDTqrTyX147EkmAIQkFxjRKbkzNFDRJoXCY8xKDMYg+dLFhMYQATTMdXzfkR1Zp806k7QuJj9W/EykExgwC33YGQD0z643ERV4joc55M5VhnBCGYrKokyhOER9FxdtSoyA1sABCS/tXLnqgQZANNGdDKM2ePA/Vk+JF0b09LZSvpmlk2QE7ZMesxM5Ymd2wCqsywZ7YC3tj786z8+p8OJ+T1owzndln/8r5/gWcRKMT</latexit><latexit sha1_base64="NK3NYkgIJ1ZkjC7UBPO5t4E1poA=">AAACHHicbZC7SkNBEIb3xFuMt6ilzWIQrMKJCGohBG0sIxgTyIlhzmaSLNlzYXeOEA55ERtfxcZCxcZC8G3cXApNMrDw8f8zzM7vx0oact0fJ7O0vLK6ll3PbWxube/kd/fuTZRogVURqUjXfTCoZIhVkqSwHmuEwFdY8/vXI7/2iNrIKLyjQYzNALqh7EgBZKVW/tTD2EhlMfVAxT3wfCQY8ku+2HjwwFArX3CL7rj4PJSmUGDTqrTyX147EkmAIQkFxjRKbkzNFDRJoXCY8xKDMYg+dLFhMYQATTMdXzfkR1Zp806k7QuJj9W/EykExgwC33YGQD0z643ERV4joc55M5VhnBCGYrKokyhOER9FxdtSoyA1sABCS/tXLnqgQZANNGdDKM2ePA/Vk+JF0b09LZSvpmlk2QE7ZMesxM5Ymd2wCqsywZ7YC3tj786z8+p8OJ+T1owzndln/8r5/gWcRKMT</latexit><latexit sha1_base64="NK3NYkgIJ1ZkjC7UBPO5t4E1poA=">AAACHHicbZC7SkNBEIb3xFuMt6ilzWIQrMKJCGohBG0sIxgTyIlhzmaSLNlzYXeOEA55ERtfxcZCxcZC8G3cXApNMrDw8f8zzM7vx0oact0fJ7O0vLK6ll3PbWxube/kd/fuTZRogVURqUjXfTCoZIhVkqSwHmuEwFdY8/vXI7/2iNrIKLyjQYzNALqh7EgBZKVW/tTD2EhlMfVAxT3wfCQY8ku+2HjwwFArX3CL7rj4PJSmUGDTqrTyX147EkmAIQkFxjRKbkzNFDRJoXCY8xKDMYg+dLFhMYQATTMdXzfkR1Zp806k7QuJj9W/EykExgwC33YGQD0z643ERV4joc55M5VhnBCGYrKokyhOER9FxdtSoyA1sABCS/tXLnqgQZANNGdDKM2ePA/Vk+JF0b09LZSvpmlk2QE7ZMesxM5Ymd2wCqsywZ7YC3tj786z8+p8OJ+T1owzndln/8r5/gWcRKMT</latexit>

and we assume:
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✔ Two-neutrino approximation:

✏ee, ✏eµ, ✏e⌧ ⌧ 1
<latexit sha1_base64="0D0PzPfMDi5Op4EsZ+gxX9xXuZ8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwISWRgrorunFZwdhCE8pketsOnTyYh1BCfsSNv+LGhYobF4J/47TNwrYeGDj3nHu5c0+YciaV4/xYpZXVtfWN8mZla3tnd8/eP3iQiRYUPJrwRLRDIoGzGDzFFId2KoBEIYdWOLqZ+K1HEJIl8b0apxBEZBCzPqNEGalr131IJeOGZgD52Z/Kj/R8rYjOsc85drt21ak5U+Bl4hakigo0u/aX30uojiBWlBMpO66TqiAjQjHKIa/4WkJK6IgMoGNoTCKQQTa9LscnRunhfiLMixWeqn8nMhJJOY5C0xkRNZSL3kT8z+to1b8MMhanWkFMZ4v6mmOV4ElUuMcEUMXHhhAqmPkrpkMiCFUm0IoJwV08eZl457WrmnNXrzauizTK6Agdo1PkogvUQLeoiTxE0RN6QW/o3Xq2Xq0P63PWWrKKmUM0B+v7F5IxowI=</latexit><latexit sha1_base64="0D0PzPfMDi5Op4EsZ+gxX9xXuZ8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwISWRgrorunFZwdhCE8pketsOnTyYh1BCfsSNv+LGhYobF4J/47TNwrYeGDj3nHu5c0+YciaV4/xYpZXVtfWN8mZla3tnd8/eP3iQiRYUPJrwRLRDIoGzGDzFFId2KoBEIYdWOLqZ+K1HEJIl8b0apxBEZBCzPqNEGalr131IJeOGZgD52Z/Kj/R8rYjOsc85drt21ak5U+Bl4hakigo0u/aX30uojiBWlBMpO66TqiAjQjHKIa/4WkJK6IgMoGNoTCKQQTa9LscnRunhfiLMixWeqn8nMhJJOY5C0xkRNZSL3kT8z+to1b8MMhanWkFMZ4v6mmOV4ElUuMcEUMXHhhAqmPkrpkMiCFUm0IoJwV08eZl457WrmnNXrzauizTK6Agdo1PkogvUQLeoiTxE0RN6QW/o3Xq2Xq0P63PWWrKKmUM0B+v7F5IxowI=</latexit><latexit sha1_base64="0D0PzPfMDi5Op4EsZ+gxX9xXuZ8=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwISWRgrorunFZwdhCE8pketsOnTyYh1BCfsSNv+LGhYobF4J/47TNwrYeGDj3nHu5c0+YciaV4/xYpZXVtfWN8mZla3tnd8/eP3iQiRYUPJrwRLRDIoGzGDzFFId2KoBEIYdWOLqZ+K1HEJIl8b0apxBEZBCzPqNEGalr131IJeOGZgD52Z/Kj/R8rYjOsc85drt21ak5U+Bl4hakigo0u/aX30uojiBWlBMpO66TqiAjQjHKIa/4WkJK6IgMoGNoTCKQQTa9LscnRunhfiLMixWeqn8nMhJJOY5C0xkRNZSL3kT8z+to1b8MMhanWkFMZ4v6mmOV4ElUuMcEUMXHhhAqmPkrpkMiCFUm0IoJwV08eZl457WrmnNXrzauizTK6Agdo1PkogvUQLeoiTxE0RN6QW/o3Xq2Xq0P63PWWrKKmUM0B+v7F5IxowI=</latexit>

for and   Eν > Eres,13 (>~ 20 GeV)

⌫3m ' ⌫e and ⌫̄1m ' ⌫̄e
<latexit sha1_base64="FAk/+nINFh6JViEemh7ZL6vd4jg=">AAACN3icbVDLSgMxFM34tr6qLt0Ei+CqzKig7opu3KlgVeiU4U7mVoNJZppkhDLMZ7nxM9yJGxcqbv0D01rF14HAyTn3kNwTZ4Ib6/v33sjo2PjE5NR0ZWZ2bn6hurh0atJcM2yyVKT6PAaDgitsWm4FnmcaQcYCz+Kr/b5/do3a8FSd2F6GbQkXinc4A+ukqHoYqjwqNmVJQ8Mldmn/jjTsdnNIaBFqSUEl5acQxqALN1JGRfAt86ViVK35dX8A+pcEQ1IjQxxF1bswSVkuUVkmwJhW4Ge2XYC2nAksK2FuMAN2BRfYclSBRNMuBouXdM0pCe2k2h1l6UD9nihAGtOTsZuUYC/Nb68v/ue1ctvZaRdcZblFxT4e6uSC2pT2W6QJ18is6DkCTHP3V8ouQQOzruuKKyH4vfJf0tyo79b9461aY2/YxhRZIatknQRkmzTIATkiTcLIDXkgT+TZu/UevRfv9WN0xBtmlskPeG/vNXqtgg==</latexit><latexit sha1_base64="FAk/+nINFh6JViEemh7ZL6vd4jg=">AAACN3icbVDLSgMxFM34tr6qLt0Ei+CqzKig7opu3KlgVeiU4U7mVoNJZppkhDLMZ7nxM9yJGxcqbv0D01rF14HAyTn3kNwTZ4Ib6/v33sjo2PjE5NR0ZWZ2bn6hurh0atJcM2yyVKT6PAaDgitsWm4FnmcaQcYCz+Kr/b5/do3a8FSd2F6GbQkXinc4A+ukqHoYqjwqNmVJQ8Mldmn/jjTsdnNIaBFqSUEl5acQxqALN1JGRfAt86ViVK35dX8A+pcEQ1IjQxxF1bswSVkuUVkmwJhW4Ge2XYC2nAksK2FuMAN2BRfYclSBRNMuBouXdM0pCe2k2h1l6UD9nihAGtOTsZuUYC/Nb68v/ue1ctvZaRdcZblFxT4e6uSC2pT2W6QJ18is6DkCTHP3V8ouQQOzruuKKyH4vfJf0tyo79b9461aY2/YxhRZIatknQRkmzTIATkiTcLIDXkgT+TZu/UevRfv9WN0xBtmlskPeG/vNXqtgg==</latexit><latexit sha1_base64="FAk/+nINFh6JViEemh7ZL6vd4jg=">AAACN3icbVDLSgMxFM34tr6qLt0Ei+CqzKig7opu3KlgVeiU4U7mVoNJZppkhDLMZ7nxM9yJGxcqbv0D01rF14HAyTn3kNwTZ4Ib6/v33sjo2PjE5NR0ZWZ2bn6hurh0atJcM2yyVKT6PAaDgitsWm4FnmcaQcYCz+Kr/b5/do3a8FSd2F6GbQkXinc4A+ukqHoYqjwqNmVJQ8Mldmn/jjTsdnNIaBFqSUEl5acQxqALN1JGRfAt86ViVK35dX8A+pcEQ1IjQxxF1bswSVkuUVkmwJhW4Ge2XYC2nAksK2FuMAN2BRfYclSBRNMuBouXdM0pCe2k2h1l6UD9nihAGtOTsZuUYC/Nb68v/ue1ctvZaRdcZblFxT4e6uSC2pT2W6QJ18is6DkCTHP3V8ouQQOzruuKKyH4vfJf0tyo79b9461aY2/YxhRZIatknQRkmzTIATkiTcLIDXkgT+TZu/UevRfv9WN0xBtmlskPeG/vNXqtgg==</latexit>

The two-neutrino approximation can be used

H2⌫ =
�m2

31

2E⌫
U(✓23)

✓
0 0
0 1

◆
U(✓23)

† + Vd

✓
✏µµ ✏µ⌧
✏µ⌧ ✏⌧⌧

◆

<latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit><latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit><latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit>
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✔At the very high energy

H2⌫ =
�m2

31

2E⌫
U(✓23)

✓
0 0
0 1

◆
U(✓23)

† + Vd

✓
✏µµ ✏µ⌧
✏µ⌧ ✏⌧⌧

◆

<latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit><latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit><latexit sha1_base64="cHYOKf5B6p7Ki9GFH8/Kw3db8r8="></latexit>

�m2
31

2E⌫
⌧ Vd✏↵�

<latexit sha1_base64="MaeS7Xh5GzCjdTxJ5nUHAAmHKp4="></latexit><latexit sha1_base64="MaeS7Xh5GzCjdTxJ5nUHAAmHKp4="></latexit><latexit sha1_base64="MaeS7Xh5GzCjdTxJ5nUHAAmHKp4="></latexit>

Oscillation is completely 
matter dominated

Diagonalizing:

sin 2⇠ =
2✏µ⌧q

4✏2µ⌧ + ✏02

�Hm = VNSI = Vd

q
4✏2µ⌧ + ✏02

mixing angle

level splitting

ɛ’ = ɛττ - ɛµµ

P (⌫µ ! ⌫⌧ ) = sin2 2⇠ sin2
✓
V dL

2

q
4✏2µ⌧ + ✏02

◆
Osc. Prob.

�matt
<latexit sha1_base64="V18xOBoDY1kCmgjuptmRt0wk9Gg=">AAAB93icbVBNSwMxFHxbv2r96KpHL8EieCpbEdRb0YvHCq4WusuSTbNtaJJdkqxQl/4SLx5UvPpXvPlvTNs9aOtAYJh5jzeZOONMG8/7diorq2vrG9XN2tb2zm7d3du/12muCPVJylPVjbGmnEnqG2Y47WaKYhFz+hCPrqf+wyNVmqXyzowzGgo8kCxhBBsrRW49yIYsKgIlkMDGTCK34TW9GdAyaZWkASU6kfsV9FOSCyoN4VjrXsvLTFhgZRjhdFILck0zTEZ4QHuWSiyoDotZ8Ak6tkofJamyTxo0U39vFFhoPRaxnbTphnrRm4r/eb3cJBdhwWSWGyrJ/FCSc2RSNG0B9ZmixPCxJZgoZrMiMsQKE2O7qtkSWotfXib+afOy6d2eNdpXZRtVOIQjOIEWnEMbbqADPhDI4Rle4c15cl6cd+djPlpxyp0D+APn8wdfUpMZ</latexit><latexit sha1_base64="V18xOBoDY1kCmgjuptmRt0wk9Gg=">AAAB93icbVBNSwMxFHxbv2r96KpHL8EieCpbEdRb0YvHCq4WusuSTbNtaJJdkqxQl/4SLx5UvPpXvPlvTNs9aOtAYJh5jzeZOONMG8/7diorq2vrG9XN2tb2zm7d3du/12muCPVJylPVjbGmnEnqG2Y47WaKYhFz+hCPrqf+wyNVmqXyzowzGgo8kCxhBBsrRW49yIYsKgIlkMDGTCK34TW9GdAyaZWkASU6kfsV9FOSCyoN4VjrXsvLTFhgZRjhdFILck0zTEZ4QHuWSiyoDotZ8Ak6tkofJamyTxo0U39vFFhoPRaxnbTphnrRm4r/eb3cJBdhwWSWGyrJ/FCSc2RSNG0B9ZmixPCxJZgoZrMiMsQKE2O7qtkSWotfXib+afOy6d2eNdpXZRtVOIQjOIEWnEMbbqADPhDI4Rle4c15cl6cd+djPlpxyp0D+APn8wdfUpMZ</latexit><latexit sha1_base64="V18xOBoDY1kCmgjuptmRt0wk9Gg=">AAAB93icbVBNSwMxFHxbv2r96KpHL8EieCpbEdRb0YvHCq4WusuSTbNtaJJdkqxQl/4SLx5UvPpXvPlvTNs9aOtAYJh5jzeZOONMG8/7diorq2vrG9XN2tb2zm7d3du/12muCPVJylPVjbGmnEnqG2Y47WaKYhFz+hCPrqf+wyNVmqXyzowzGgo8kCxhBBsrRW49yIYsKgIlkMDGTCK34TW9GdAyaZWkASU6kfsV9FOSCyoN4VjrXsvLTFhgZRjhdFILck0zTEZ4QHuWSiyoDotZ8Ak6tkofJamyTxo0U39vFFhoPRaxnbTphnrRm4r/eb3cJBdhwWSWGyrJ/FCSc2RSNG0B9ZmixPCxJZgoZrMiMsQKE2O7qtkSWotfXib+afOy6d2eNdpXZRtVOIQjOIEWnEMbbqADPhDI4Rle4c15cl6cd+djPlpxyp0D+APn8wdfUpMZ</latexit>
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✔ With the decrease of ɛ the potential VNSI and the matter phase decrease. 

When ϕmatt << 1

�matt = 35

✓
⇢̄

5.5 g cm�3

◆✓
L

2R�

◆q
4✏2µ⌧ + ✏02

<latexit sha1_base64="tFB0yohpOqaBhR1KjQL1YpXx8yQ="></latexit><latexit sha1_base64="tFB0yohpOqaBhR1KjQL1YpXx8yQ="></latexit><latexit sha1_base64="tFB0yohpOqaBhR1KjQL1YpXx8yQ="></latexit>

P (⌫µ ! ⌫⌧ ) ⇡ (✏µ⌧V dL)
2

  No dependence on ɛ’ : With the high energy neutrinos we can just constrain ɛµτ

    No dependence on the sign of ɛµτ. The same result for anti-neutrinos.

✔
✔

Estimating the sensitivity to ɛµτ ✏µ⌧ =
1

V dL

q
P (⌫µ ! ⌫µ)

<latexit sha1_base64="wbNvY8pOap+lx94AvbLdfi1u+4M="></latexit><latexit sha1_base64="wbNvY8pOap+lx94AvbLdfi1u+4M="></latexit><latexit sha1_base64="wbNvY8pOap+lx94AvbLdfi1u+4M="></latexit>

10% accuracy of P -> ɛµτ ~ 5x10-3

1% accuracy of P -> ɛµτ ~ 2x10-3

restricted sensitivity: 
quadratic dependence

Akhmedov 2001
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✔ In the general case:

H2⌫ =
�m2
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✓
0 0
0 1

◆
U(✓23)
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✓
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0 1

◆
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�

<latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit><latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit><latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit>

R0 ⌘ 2E⌫VNSI

�m2
31

=
p
2GFnd

q
4✏2µ⌧ + ✏02

2E⌫

�m2
31

where relative strength of matter 
and vacuum contributions

R0 = 0.5

✓
⇢̄

5.5 g cm�3

◆✓
E⌫

GeV

◆q
4✏2µ⌧ + ✏02

<latexit sha1_base64="WcikoHJoFDhGBGSbO5cYZ+TcmaA="></latexit><latexit sha1_base64="WcikoHJoFDhGBGSbO5cYZ+TcmaA="></latexit><latexit sha1_base64="WcikoHJoFDhGBGSbO5cYZ+TcmaA="></latexit>

the value

Diagonalizing:
�Hm =

�m2
31

2E⌫
R

<latexit sha1_base64="egDseWHNf5JRforSMBh8oNfujsI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4kDJTBetCKD6gyypWC506ZNJMG5pkhiQjlGF+xY2/4saFiu70a0zbWWjrgcDhnHu5OcePGFXatr+s3Nz8wuJSfrmwsrq2vlHc3LpVYSwxaeKQhbLlI0UYFaSpqWakFUmCuM/InT84H/l3D0QqGoobPYxIh6OeoAHFSBvJK1bdC8I0gi5Huo8RS+qpx+EpdAOJcJKZ3EsOnfS+kiaVS88VceoeXHvFkl22x4CzxMlICWRoeMVPtxvimBOhMUNKtR070p0ESU0xI2nBjRWJEB6gHmkbKhAnqpOME6ZwzyhdGITSPKHhWP29kSCu1JD7ZnIURE17I/E/rx3roNpJqIhiTQSeHApiBnUIR3XBLpUEazY0BGFJzV8h7iPTjTalFkwJznTkWdKslE/K9tVRqXaWtZEHO2AX7AMHHIMaqIMGaAIMHsEzeAVv1pP1Yr1bH5PRnJXtbIM/sL5/AKeCosg=</latexit><latexit sha1_base64="egDseWHNf5JRforSMBh8oNfujsI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4kDJTBetCKD6gyypWC506ZNJMG5pkhiQjlGF+xY2/4saFiu70a0zbWWjrgcDhnHu5OcePGFXatr+s3Nz8wuJSfrmwsrq2vlHc3LpVYSwxaeKQhbLlI0UYFaSpqWakFUmCuM/InT84H/l3D0QqGoobPYxIh6OeoAHFSBvJK1bdC8I0gi5Huo8RS+qpx+EpdAOJcJKZ3EsOnfS+kiaVS88VceoeXHvFkl22x4CzxMlICWRoeMVPtxvimBOhMUNKtR070p0ESU0xI2nBjRWJEB6gHmkbKhAnqpOME6ZwzyhdGITSPKHhWP29kSCu1JD7ZnIURE17I/E/rx3roNpJqIhiTQSeHApiBnUIR3XBLpUEazY0BGFJzV8h7iPTjTalFkwJznTkWdKslE/K9tVRqXaWtZEHO2AX7AMHHIMaqIMGaAIMHsEzeAVv1pP1Yr1bH5PRnJXtbIM/sL5/AKeCosg=</latexit><latexit sha1_base64="egDseWHNf5JRforSMBh8oNfujsI=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4kDJTBetCKD6gyypWC506ZNJMG5pkhiQjlGF+xY2/4saFiu70a0zbWWjrgcDhnHu5OcePGFXatr+s3Nz8wuJSfrmwsrq2vlHc3LpVYSwxaeKQhbLlI0UYFaSpqWakFUmCuM/InT84H/l3D0QqGoobPYxIh6OeoAHFSBvJK1bdC8I0gi5Huo8RS+qpx+EpdAOJcJKZ3EsOnfS+kiaVS88VceoeXHvFkl22x4CzxMlICWRoeMVPtxvimBOhMUNKtR070p0ESU0xI2nBjRWJEB6gHmkbKhAnqpOME6ZwzyhdGITSPKHhWP29kSCu1JD7ZnIURE17I/E/rx3roNpJqIhiTQSeHApiBnUIR3XBLpUEazY0BGFJzV8h7iPTjTalFkwJznTkWdKslE/K9tVRqXaWtZEHO2AX7AMHHIMaqIMGaAIMHsEzeAVv1pP1Yr1bH5PRnJXtbIM/sL5/AKeCosg=</latexit>

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

where

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>
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✔ In the general case:

H2⌫ =
�m2

31

2E⌫


U(✓23)

✓
0 0
0 1

◆
U(✓23)

† +R0U(⇠)

✓
0 0
0 1

◆
U(⇠)†

�

<latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit><latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit><latexit sha1_base64="/AZj+EJ3qVN2rgDT7f04n3JTBck="></latexit>

Oscillation 
half-phase

�m = �Hm
L

2

=

✓
�m2

31L

4E⌫

◆⇥
1 +R2

0 + 2R0 cos 2(✓23 � ⇠)
⇤1/2

<latexit sha1_base64="/ZHrTNcqxlYT70mKCmGFRRidAVE="></latexit><latexit sha1_base64="/ZHrTNcqxlYT70mKCmGFRRidAVE="></latexit><latexit sha1_base64="/ZHrTNcqxlYT70mKCmGFRRidAVE="></latexit>

�m = (�vac + �matt)

s

1� 2R0

(1 +R0)
2
[1� cos 2(✓23 � ⇠)]

<latexit sha1_base64="n2z28dhTkvfKrRzIq6ynE8bP15Y="></latexit><latexit sha1_base64="n2z28dhTkvfKrRzIq6ynE8bP15Y="></latexit><latexit sha1_base64="n2z28dhTkvfKrRzIq6ynE8bP15Y="></latexit>

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Oscillation 
probability
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

✏µ⌧ ! �✏µ⌧
<latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit><latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit><latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit>

⇠ ! �⇠
<latexit sha1_base64="NT+sSwRa4Ei8KXe612Y7mSyc3qQ=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjBWMLTSib7aRdutmE3Y1YQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOptx5RaZ7IezNKMYhpX/KIM2qs5ftPnPgmIacWupWqW3OnIotQL6AKhZrdypffS1gWozRMUK07dTc1QU6V4UzguOxnGlPKhrSPHYuSxqiDfLrzmBxbp0eiRNknDZm6vydyGms9ikPbGVMz0PO1iflfrZOZ6DLIuUwzg5LNPooyQeyVkwBIjytkRowsUKa43ZWwAVWUGRtT2YZQnz95Ebyz2lXNvTuvNq6LNEpwCEdwAnW4gAbcQhM8YJDCM7zCm5M5L8678zFrXXKKmQP4I+fzB5HikOs=</latexit><latexit sha1_base64="NT+sSwRa4Ei8KXe612Y7mSyc3qQ=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjBWMLTSib7aRdutmE3Y1YQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOptx5RaZ7IezNKMYhpX/KIM2qs5ftPnPgmIacWupWqW3OnIotQL6AKhZrdypffS1gWozRMUK07dTc1QU6V4UzguOxnGlPKhrSPHYuSxqiDfLrzmBxbp0eiRNknDZm6vydyGms9ikPbGVMz0PO1iflfrZOZ6DLIuUwzg5LNPooyQeyVkwBIjytkRowsUKa43ZWwAVWUGRtT2YZQnz95Ebyz2lXNvTuvNq6LNEpwCEdwAnW4gAbcQhM8YJDCM7zCm5M5L8678zFrXXKKmQP4I+fzB5HikOs=</latexit><latexit sha1_base64="NT+sSwRa4Ei8KXe612Y7mSyc3qQ=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjBWMLTSib7aRdutmE3Y1YQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOptx5RaZ7IezNKMYhpX/KIM2qs5ftPnPgmIacWupWqW3OnIotQL6AKhZrdypffS1gWozRMUK07dTc1QU6V4UzguOxnGlPKhrSPHYuSxqiDfLrzmBxbp0eiRNknDZm6vydyGms9ikPbGVMz0PO1iflfrZOZ6DLIuUwzg5LNPooyQeyVkwBIjytkRowsUKa43ZWwAVWUGRtT2YZQnz95Ebyz2lXNvTuvNq6LNEpwCEdwAnW4gAbcQhM8YJDCM7zCm5M5L8678zFrXXKKmQP4I+fzB5HikOs=</latexit>

✏0 ! �✏0
<latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit><latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit><latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit>

cos 2(✓23 � ⇠) ! � cos 2(✓23 + ⇠)
<latexit sha1_base64="3EPFu8wJVjrlMvKoUrGLUCRRtBI=">AAACG3icbVDLSgMxFM3UV62vUZdugkWoSMtMK6i7ohuXFRxb6JSSSdM2NJMZkjtiGfohbvwVNy5UXAku/BvTx0JbDwQO59zLzTlBLLgGx/m2MkvLK6tr2fXcxubW9o69u3eno0RR5tFIRKoREM0El8wDDoI1YsVIGAhWDwZXY79+z5TmkbyFYcxaIelJ3uWUgJHadsWnkS4XfOgzIO20XBkV/Qd+jH2IcBEvmCdjs23nnZIzAV4k7ozk0Qy1tv3pdyKahEwCFUTrpuvE0EqJAk4FG+X8RLOY0AHpsaahkoRMt9JJuBE+MkoHdyNlngQ8UX9vpCTUehgGZjIk0Nfz3lj8z2sm0D1vpVzGCTBJp4e6icAm+bgp3OGKURBDQwhV3PwV0z5RhILpM2dKcOcjLxKvXLooOTen+erlrI0sOkCHqIBcdIaq6BrVkIcoekTP6BW9WU/Wi/VufUxHM9ZsZx/9gfX1AyX8n74=</latexit><latexit sha1_base64="3EPFu8wJVjrlMvKoUrGLUCRRtBI=">AAACG3icbVDLSgMxFM3UV62vUZdugkWoSMtMK6i7ohuXFRxb6JSSSdM2NJMZkjtiGfohbvwVNy5UXAku/BvTx0JbDwQO59zLzTlBLLgGx/m2MkvLK6tr2fXcxubW9o69u3eno0RR5tFIRKoREM0El8wDDoI1YsVIGAhWDwZXY79+z5TmkbyFYcxaIelJ3uWUgJHadsWnkS4XfOgzIO20XBkV/Qd+jH2IcBEvmCdjs23nnZIzAV4k7ozk0Qy1tv3pdyKahEwCFUTrpuvE0EqJAk4FG+X8RLOY0AHpsaahkoRMt9JJuBE+MkoHdyNlngQ8UX9vpCTUehgGZjIk0Nfz3lj8z2sm0D1vpVzGCTBJp4e6icAm+bgp3OGKURBDQwhV3PwV0z5RhILpM2dKcOcjLxKvXLooOTen+erlrI0sOkCHqIBcdIaq6BrVkIcoekTP6BW9WU/Wi/VufUxHM9ZsZx/9gfX1AyX8n74=</latexit><latexit sha1_base64="3EPFu8wJVjrlMvKoUrGLUCRRtBI=">AAACG3icbVDLSgMxFM3UV62vUZdugkWoSMtMK6i7ohuXFRxb6JSSSdM2NJMZkjtiGfohbvwVNy5UXAku/BvTx0JbDwQO59zLzTlBLLgGx/m2MkvLK6tr2fXcxubW9o69u3eno0RR5tFIRKoREM0El8wDDoI1YsVIGAhWDwZXY79+z5TmkbyFYcxaIelJ3uWUgJHadsWnkS4XfOgzIO20XBkV/Qd+jH2IcBEvmCdjs23nnZIzAV4k7ozk0Qy1tv3pdyKahEwCFUTrpuvE0EqJAk4FG+X8RLOY0AHpsaahkoRMt9JJuBE+MkoHdyNlngQ8UX9vpCTUehgGZjIk0Nfz3lj8z2sm0D1vpVzGCTBJp4e6icAm+bgp3OGKURBDQwhV3PwV0z5RhILpM2dKcOcjLxKvXLooOTen+erlrI0sOkCHqIBcdIaq6BrVkIcoekTP6BW9WU/Wi/VufUxHM9ZsZx/9gfX1AyX8n74=</latexit>

✏µ⌧ ! �✏µ⌧
<latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit><latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit><latexit sha1_base64="JHsJ2cFuShPuupo763jb9w2sKxA=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQxDIjgrorunFZwbGFzlAyaaYNTTJDHkIZ+hFu/BU3LlTcunHn35i2s9C2BwKHc+7l5pw4Y1Rpz/txSkvLK6tr5fXKxubW9o67u/egUiMxCXDKUtmKkSKMChJoqhlpZZIgHjPSjAc3Y7/5SKSiqbjXw4xEHPUETShG2kod9yQkmaLM0jzkJtTIjGCoU3i6QO+4Va/mTQDniV+QKijQ6LjfYTfFhhOhMUNKtX0v01GOpKaYkVElNIpkCA9Qj7QtFYgTFeWTUCN4ZJUuTFJpn9Bwov7dyBFXashjO8mR7qtZbywu8tpGJ5dRTkVmNBF4eigxDNrU44Zgl0qCNRtagrCk9q8Q95FEWNseK7YEfzbyPAnOalc17+68Wr8u2iiDA3AIjoEPLkAd3IIGCAAGT+AFvIF359l5dT6cz+loySl29sE/OF+/LwqfGg==</latexit>

✏0 ! �✏0
<latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit><latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit><latexit sha1_base64="WvAgK/NZoMD2oCO0OTWfdCzIOVA=">AAACDHicbVDLSsNAFJ3UV62vqEs3g1VwY0lEUHdFNy4rGFtoYplMb9qhk0mYmQgl9Afc+CtuXKi49QPc+TdO2yy09cDA4Zx7uXNOmHKmtON8W6WFxaXllfJqZW19Y3PL3t65U0kmKXg04YlshUQBZwI8zTSHViqBxCGHZji4GvvNB5CKJeJWD1MIYtITLGKUaCN17AMfUsV4Iu79VLIYsK8TfDwjduyqU3MmwPPELUgVFWh07C+/m9AsBqEpJ0q1XSfVQU6kZpTDqOJnClJCB6QHbUMFiUEF+STNCB8apYujRJonNJ6ovzdyEis1jEMzGRPdV7PeWPzPa2c6Og9yJtJMg6DTQ1HGsUk8rgZ3mQSq+dAQQiUzf8W0TySh2hRYMSW4s5HniXdSu6g5N6fV+mXRRhntoX10hFx0huroGjWQhyh6RM/oFb1ZT9aL9W59TEdLVrGzi/7A+vwBUqmb7A==</latexit>

& R0 ! �R0
<latexit sha1_base64="49RDXbK6vmoPpntfeApIoxOt5+k=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjFWMLTSib7aRdutmE3Y1QQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6iTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOpt55QaZ7IBzNKMYhpX/KIM2qs5d93XeKbhJxa6Faqbs2diixCvYAqFGp2K19+L2FZjNIwQbXu1N3UBDlVhjOB47KfaUwpG9I+dixKGqMO8unOY3JsnR6JEmWfNGTq/p7Iaaz1KA5tZ0zNQM/XJuZ/tU5mossg5zLNDEo2+yjKBLFXTgIgPa6QGTGyQJnidlfCBlRRZmxMZRtCff7kRfDOalc19+682rgu0ijBIRzBCdThAhpwC03wgEEKz/AKb07mvDjvzsesdckpZg7gj5zPH3gVkDM=</latexit><latexit sha1_base64="49RDXbK6vmoPpntfeApIoxOt5+k=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjFWMLTSib7aRdutmE3Y1QQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6iTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOpt55QaZ7IBzNKMYhpX/KIM2qs5d93XeKbhJxa6Faqbs2diixCvYAqFGp2K19+L2FZjNIwQbXu1N3UBDlVhjOB47KfaUwpG9I+dixKGqMO8unOY3JsnR6JEmWfNGTq/p7Iaaz1KA5tZ0zNQM/XJuZ/tU5mossg5zLNDEo2+yjKBLFXTgIgPa6QGTGyQJnidlfCBlRRZmxMZRtCff7kRfDOalc19+682rgu0ijBIRzBCdThAhpwC03wgEEKz/AKb07mvDjvzsesdckpZg7gj5zPH3gVkDM=</latexit><latexit sha1_base64="49RDXbK6vmoPpntfeApIoxOt5+k=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEIXiypCOqt6MVjFWMLTSib7aRdutmE3Y1QQv+GFw8qXv013vw3btsctPWFhYd3ZtiZN0wF18Z1v52l5ZXVtfXSRnlza3tnt7K3/6iTTDH0WCIS1Q6pRsEleoYbge1UIY1Dga1weDOpt55QaZ7IBzNKMYhpX/KIM2qs5d93XeKbhJxa6Faqbs2diixCvYAqFGp2K19+L2FZjNIwQbXu1N3UBDlVhjOB47KfaUwpG9I+dixKGqMO8unOY3JsnR6JEmWfNGTq/p7Iaaz1KA5tZ0zNQM/XJuZ/tU5mossg5zLNDEo2+yjKBLFXTgIgPa6QGTGyQJnidlfCBlRRZmxMZRtCff7kRfDOalc19+682rgu0ijBIRzBCdThAhpwC03wgEEKz/AKb07mvDjvzsesdckpZg7gj5zPH3gVkDM=</latexit>

anti-neutrinos
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

Resonance condition R0 = � cos 2(✓23 � ⇠)
<latexit sha1_base64="c6WrBdneFdsj42TCe1Xxc9IIkqo=">AAACBnicbVA9SwNBEN3zM8avqKUgi0GIRcIlCmohBG0soxgTyB3H3mYvWbJ3e+zOieFIZ+NfsbFQsfU32Plv3HwUmvhg4PHeDDPz/FhwDbb9bc3NLywuLWdWsqtr6xubua3tOy0TRVmdSiFV0yeaCR6xOnAQrBkrRkJfsIbfuxz6jXumNJfRLfRj5oakE/GAUwJG8nJ7N56Nz3ERO1TqSsGBLgPipZWjQdF54IdeLm+X7BHwLClPSB5NUPNyX05b0iRkEVBBtG6V7RjclCjgVLBB1kk0iwntkQ5rGRqRkGk3Hf0xwAdGaeNAKlMR4JH6eyIlodb90DedIYGunvaG4n9eK4Hg1E15FCfAIjpeFCQCg8TDUHCbK0ZB9A0hVHFzK6ZdoggFE13WhFCefnmW1Culs5J9fZyvXkzSyKBdtI8KqIxOUBVdoRqqI4oe0TN6RW/Wk/VivVsf49Y5azKzg/7A+vwBAAOXEQ==</latexit><latexit sha1_base64="c6WrBdneFdsj42TCe1Xxc9IIkqo=">AAACBnicbVA9SwNBEN3zM8avqKUgi0GIRcIlCmohBG0soxgTyB3H3mYvWbJ3e+zOieFIZ+NfsbFQsfU32Plv3HwUmvhg4PHeDDPz/FhwDbb9bc3NLywuLWdWsqtr6xubua3tOy0TRVmdSiFV0yeaCR6xOnAQrBkrRkJfsIbfuxz6jXumNJfRLfRj5oakE/GAUwJG8nJ7N56Nz3ERO1TqSsGBLgPipZWjQdF54IdeLm+X7BHwLClPSB5NUPNyX05b0iRkEVBBtG6V7RjclCjgVLBB1kk0iwntkQ5rGRqRkGk3Hf0xwAdGaeNAKlMR4JH6eyIlodb90DedIYGunvaG4n9eK4Hg1E15FCfAIjpeFCQCg8TDUHCbK0ZB9A0hVHFzK6ZdoggFE13WhFCefnmW1Culs5J9fZyvXkzSyKBdtI8KqIxOUBVdoRqqI4oe0TN6RW/Wk/VivVsf49Y5azKzg/7A+vwBAAOXEQ==</latexit><latexit sha1_base64="c6WrBdneFdsj42TCe1Xxc9IIkqo=">AAACBnicbVA9SwNBEN3zM8avqKUgi0GIRcIlCmohBG0soxgTyB3H3mYvWbJ3e+zOieFIZ+NfsbFQsfU32Plv3HwUmvhg4PHeDDPz/FhwDbb9bc3NLywuLWdWsqtr6xubua3tOy0TRVmdSiFV0yeaCR6xOnAQrBkrRkJfsIbfuxz6jXumNJfRLfRj5oakE/GAUwJG8nJ7N56Nz3ERO1TqSsGBLgPipZWjQdF54IdeLm+X7BHwLClPSB5NUPNyX05b0iRkEVBBtG6V7RjclCjgVLBB1kk0iwntkQ5rGRqRkGk3Hf0xwAdGaeNAKlMR4JH6eyIlodb90DedIYGunvaG4n9eK4Hg1E15FCfAIjpeFCQCg8TDUHCbK0ZB9A0hVHFzK6ZdoggFE13WhFCefnmW1Culs5J9fZyvXkzSyKBdtI8KqIxOUBVdoRqqI4oe0TN6RW/Wk/VivVsf49Y5azKzg/7A+vwBAAOXEQ==</latexit>

minimum value of 
resonance factor

⇠ = 0
<latexit sha1_base64="ej14sii4pv8EYkalcMueKEA5Gpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoevFYwdhCG8pmO2mXbjZhdyOW0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777Swtr6yurZc2yptb2zu7lb39B51kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSLvzSjFIKZ9ySPOqLGS33niV263UnVr7hRkkXgFqUKBRrfy1eklLItRGiao1m3PTU2QU2U4EzgudzKNKWVD2se2pZLGqIN8euyYHFulR6JE2ZKGTNXfEzmNtR7Foe2MqRnoeW8i/ue1MxNdBDmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO2IXjzLy8S/7R2WXPvzqr16yKNEhzCEZyAB+dQh1togA8MODzDK7w50nlx3p2PWeuSU8wcwB84nz+6gI4p</latexit><latexit sha1_base64="ej14sii4pv8EYkalcMueKEA5Gpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoevFYwdhCG8pmO2mXbjZhdyOW0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777Swtr6yurZc2yptb2zu7lb39B51kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSLvzSjFIKZ9ySPOqLGS33niV263UnVr7hRkkXgFqUKBRrfy1eklLItRGiao1m3PTU2QU2U4EzgudzKNKWVD2se2pZLGqIN8euyYHFulR6JE2ZKGTNXfEzmNtR7Foe2MqRnoeW8i/ue1MxNdBDmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO2IXjzLy8S/7R2WXPvzqr16yKNEhzCEZyAB+dQh1togA8MODzDK7w50nlx3p2PWeuSU8wcwB84nz+6gI4p</latexit><latexit sha1_base64="ej14sii4pv8EYkalcMueKEA5Gpc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI6kEoevFYwdhCG8pmO2mXbjZhdyOW0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSq4Nq777Swtr6yurZc2yptb2zu7lb39B51kiqHPEpGoVkg1Ci7RN9wIbKUKaRwKbIbDm4nffESleSLvzSjFIKZ9ySPOqLGS33niV263UnVr7hRkkXgFqUKBRrfy1eklLItRGiao1m3PTU2QU2U4EzgudzKNKWVD2se2pZLGqIN8euyYHFulR6JE2ZKGTNXfEzmNtR7Foe2MqRnoeW8i/ue1MxNdBDmXaWZQstmiKBPEJGTyOelxhcyIkSWUKW5vJWxAFWXG5lO2IXjzLy8S/7R2WXPvzqr16yKNEhzCEZyAB+dQh1togA8MODzDK7w50nlx3p2PWeuSU8wcwB84nz+6gI4p</latexit>

MSW resonance

ER = � �m2
31

2Vd

q
4✏2µ⌧ + ✏02

cos 2(✓23 � ⇠)

<latexit sha1_base64="IqTRJZfecIpQeRWloB0RQxN0Y08="></latexit><latexit sha1_base64="IqTRJZfecIpQeRWloB0RQxN0Y08="></latexit><latexit sha1_base64="IqTRJZfecIpQeRWloB0RQxN0Y08="></latexit>

Resonance 
energy

✏↵� = 10�2
<latexit sha1_base64="VYpo/KU5Juu7mIXQMvCvvdeJUak=">AAACCHicbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CGohBG0sI7gmkF3D2clJMmT2wsysEJa0Nr6KjYWKrY9g59s4uRSa+MPAx3/O4cz5w1RwpR3n21pYXFpeWS2sFdc3Nre27Z3dO5VkkqHHEpHIRggKBY/R01wLbKQSIQoF1sP+1ahef0CpeBLf6kGKQQTdmHc4A22slk19TBUXBnMfRNoDP0QNQ3pBXec+P64MW3bJKTtj0Xlwp1AiU9Va9pffTlgWYayZAKWarpPqIAepORM4LPqZwhRYH7rYNBhDhCrIx5cM6aFx2rSTSPNiTcfu74kcIqUGUWg6I9A9NVsbmf/VmpnunAU5j9NMY8wmizqZoDqho1hom0tkWgwMAJPc/JWyHkhg2oRXNCG4syfPg1cpn5edm5NS9XKaRoHskwNyRFxySqrkmtSIRxh5JM/klbxZT9aL9W59TFoXrOnMHvkj6/MH4RmZWA==</latexit><latexit sha1_base64="VYpo/KU5Juu7mIXQMvCvvdeJUak=">AAACCHicbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CGohBG0sI7gmkF3D2clJMmT2wsysEJa0Nr6KjYWKrY9g59s4uRSa+MPAx3/O4cz5w1RwpR3n21pYXFpeWS2sFdc3Nre27Z3dO5VkkqHHEpHIRggKBY/R01wLbKQSIQoF1sP+1ahef0CpeBLf6kGKQQTdmHc4A22slk19TBUXBnMfRNoDP0QNQ3pBXec+P64MW3bJKTtj0Xlwp1AiU9Va9pffTlgWYayZAKWarpPqIAepORM4LPqZwhRYH7rYNBhDhCrIx5cM6aFx2rSTSPNiTcfu74kcIqUGUWg6I9A9NVsbmf/VmpnunAU5j9NMY8wmizqZoDqho1hom0tkWgwMAJPc/JWyHkhg2oRXNCG4syfPg1cpn5edm5NS9XKaRoHskwNyRFxySqrkmtSIRxh5JM/klbxZT9aL9W59TFoXrOnMHvkj6/MH4RmZWA==</latexit><latexit sha1_base64="VYpo/KU5Juu7mIXQMvCvvdeJUak=">AAACCHicbZC7SgNBFIZnvcZ4W7W0GQyCjWE3CGohBG0sI7gmkF3D2clJMmT2wsysEJa0Nr6KjYWKrY9g59s4uRSa+MPAx3/O4cz5w1RwpR3n21pYXFpeWS2sFdc3Nre27Z3dO5VkkqHHEpHIRggKBY/R01wLbKQSIQoF1sP+1ahef0CpeBLf6kGKQQTdmHc4A22slk19TBUXBnMfRNoDP0QNQ3pBXec+P64MW3bJKTtj0Xlwp1AiU9Va9pffTlgWYayZAKWarpPqIAepORM4LPqZwhRYH7rYNBhDhCrIx5cM6aFx2rSTSPNiTcfu74kcIqUGUWg6I9A9NVsbmf/VmpnunAU5j9NMY8wmizqZoDqho1hom0tkWgwMAJPc/JWyHkhg2oRXNCG4syfPg1cpn5edm5NS9XKaRoHskwNyRFxySqrkmtSIRxh5JM/klbxZT9aL9W59TFoXrOnMHvkj6/MH4RmZWA==</latexit>

ER ' 100 GeV
<latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="bc7eh2/3vltQbBGUTaMbC6iE2Xw=">AAAB43icbVBNS8NAEJ34WeNX9eplsQieSuJFvQlePFYwttCGstls2qWb3bA7EUroH/DgRfHqf/Lmv3H7AWrrg4HHezPMzEsKKSwGwZe3tr6xubVd2/F39/z9g8P60aPVpWE8Ylpq00mo5VIoHqFAyTuF4TRPJG8no9up337ixgqtHnBc8DinAyUywSg6qdWvN4JmMANZJeGCNGCBfv2zl2pW5lwhk9TabhgUGFfUoGCST/xeaXlB2YgOeNdRRXNu42p25oScOSUlmTauFJKZ+nuiorm14zxxnTnFoV32puJ/XrfE7CquhCpK5IrNF2WlJKjJ9GeSCsMZyrEjlBnhbiVsSA1l6JLxXQbh8serJLpoXjeD+58soAYncArnEMIl3MAdtCACBik8w6s39F68N+993rjmLSaO4Q+8j2+HZIrV</latexit><latexit sha1_base64="RkZURoAgZWuOMmKeMQZBv2idJr8=">AAACAnicbVDLSgNBEOyNrxhfUW96GQyCp7DrRcWLIKLHKOYB2RBmJ51kyMzuOjMrhCXgxV/x4kHFq1/hzb9x8gA1saChqOqmuyuIBdfGdb+czNz8wuJSdjm3srq2vpHf3KroKFEMyywSkaoFVKPgIZYNNwJrsUIqA4HVoHc+9Kv3qDSPwlvTj7EhaSfkbc6osVIzv3PRvCG+5hLviOe6xD9NfSXJJVYGzXzBLbojkFniTUgBJig1859+K2KJxNAwQbWue25sGilVhjOBg5yfaIwp69EO1i0NqUTdSEc/DMi+VVqkHSlboSEj9fdESqXWfRnYTklNV097Q/E/r56Y9nEj5WGcGAzZeFE7EcREZBgIaXGFzIi+JZQpbm8lrEsVZcbGlrMheNMvz5LyYfGk6F7/hAFZ2IU9OAAPjuAMrqAEZWDwAE/wAq/Oo/PsvDnv49aMM5nZhj9wPr4Bf/+VSg==</latexit><latexit sha1_base64="RkZURoAgZWuOMmKeMQZBv2idJr8=">AAACAnicbVDLSgNBEOyNrxhfUW96GQyCp7DrRcWLIKLHKOYB2RBmJ51kyMzuOjMrhCXgxV/x4kHFq1/hzb9x8gA1saChqOqmuyuIBdfGdb+czNz8wuJSdjm3srq2vpHf3KroKFEMyywSkaoFVKPgIZYNNwJrsUIqA4HVoHc+9Kv3qDSPwlvTj7EhaSfkbc6osVIzv3PRvCG+5hLviOe6xD9NfSXJJVYGzXzBLbojkFniTUgBJig1859+K2KJxNAwQbWue25sGilVhjOBg5yfaIwp69EO1i0NqUTdSEc/DMi+VVqkHSlboSEj9fdESqXWfRnYTklNV097Q/E/r56Y9nEj5WGcGAzZeFE7EcREZBgIaXGFzIi+JZQpbm8lrEsVZcbGlrMheNMvz5LyYfGk6F7/hAFZ2IU9OAAPjuAMrqAEZWDwAE/wAq/Oo/PsvDnv49aMM5nZhj9wPr4Bf/+VSg==</latexit><latexit sha1_base64="zeHxfCQ3XYYc92JQ3nNcanQhm98=">AAACAnicbVDLSgNBEJz1GeMr6k0vg0HwFGa9qHgJiugxinlAdllmJ51kyMzuOjMrhCXgxV/x4kHFq1/hzb9x8jhoYkFDUdVNd1eYCK4NId/O3PzC4tJybiW/ura+sVnY2q7pOFUMqiwWsWqEVIPgEVQNNwIaiQIqQwH1sHcx9OsPoDSPozvTT8CXtBPxNmfUWCko7F4Gt9jTXMI9dgnB3lnmKYmvoDYICkVSIiPgWeJOSBFNUAkKX14rZqmEyDBBtW66JDF+RpXhTMAg76UaEsp6tANNSyMqQfvZ6IcBPrBKC7djZSsyeKT+nsio1LovQ9spqenqaW8o/uc1U9M+8TMeJamBiI0XtVOBTYyHgeAWV8CM6FtCmeL2Vsy6VFFmbGx5G4I7/fIsqR6VTkvkhhTL55M0cmgP7aND5KJjVEbXqIKqiKFH9Ixe0Zvz5Lw4787HuHXOmczsoD9wPn8Ap1mVzA==</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit><latexit sha1_base64="VCXmw0qCjbSfEBgSDGHZbm67/zk=">AAACAnicbVBNS8NAEN3Ur1q/ot70slgETyURQcVLUUSPVUxbaELZbKft0t0k7m6EEgpe/CtePKh49Vd489+4/Tho64OBx3szzMwLE86UdpxvKzc3v7C4lF8urKyurW/Ym1tVFaeSgkdjHst6SBRwFoGnmeZQTyQQEXKohb2LoV97AKlYHN3pfgKBIJ2ItRkl2khNe+eyeYt9xQTcY9dxsH+W+VLgK6gOmnbRKTkj4FniTkgRTVBp2l9+K6apgEhTTpRquE6ig4xIzSiHQcFPFSSE9kgHGoZGRIAKstEPA7xvlBZux9JUpPFI/T2REaFUX4SmUxDdVdPeUPzPa6S6fRJkLEpSDREdL2qnHOsYDwPBLSaBat43hFDJzK2YdokkVJvYCiYEd/rlWeIdlk5Lzs1RsXw+SSOPdtEeOkAuOkZldI0qyEMUPaJn9IrerCfrxXq3PsatOWsys43+wPr8AaiZldA=</latexit>
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
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�m2
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<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

What happens in the Resonance?

In the resonance: R2 = sin2 2(✓23 � ⇠) = 1�R2
0

<latexit sha1_base64="w6FS2t0micKoNACv9i6RSArbE3A=">AAACE3icbZDLSsNAFIYn9V5vVZduBougSEsSBXUhiG5c1mK10MQwmU7boZNJmDkRS+hDuPFV3LhQcevGnW/jtGbh7cDAx/+fw5nzh4ngGmz7wypMTE5Nz8zOFecXFpeWSyurlzpOFWUNGotYNUOimeCSNYCDYM1EMRKFgl2F/dORf3XDlOaxvIBBwvyIdCXvcErASEFpp37t4iPsaS4NuFse9BiQIHN3hxXs3fJtYzoVXA/sazcole2qPS78F5wcyiivWlB699oxTSMmgQqidcuxE/AzooBTwYZFL9UsIbRPuqxlUJKIaT8bHzXEm0Zp406szJOAx+r3iYxEWg+i0HRGBHr6tzcS//NaKXQO/IzLJAUm6deiTiowxHiUEG5zxSiIgQFCFTd/xbRHFKFgciyaEJzfJ/+Fhls9rNrne+XjkzyNWbSONtAWctA+OkZnqIYaiKI79ICe0LN1bz1aL9brV2vBymfW0I+y3j4B642aiA==</latexit><latexit sha1_base64="w6FS2t0micKoNACv9i6RSArbE3A=">AAACE3icbZDLSsNAFIYn9V5vVZduBougSEsSBXUhiG5c1mK10MQwmU7boZNJmDkRS+hDuPFV3LhQcevGnW/jtGbh7cDAx/+fw5nzh4ngGmz7wypMTE5Nz8zOFecXFpeWSyurlzpOFWUNGotYNUOimeCSNYCDYM1EMRKFgl2F/dORf3XDlOaxvIBBwvyIdCXvcErASEFpp37t4iPsaS4NuFse9BiQIHN3hxXs3fJtYzoVXA/sazcole2qPS78F5wcyiivWlB699oxTSMmgQqidcuxE/AzooBTwYZFL9UsIbRPuqxlUJKIaT8bHzXEm0Zp406szJOAx+r3iYxEWg+i0HRGBHr6tzcS//NaKXQO/IzLJAUm6deiTiowxHiUEG5zxSiIgQFCFTd/xbRHFKFgciyaEJzfJ/+Fhls9rNrne+XjkzyNWbSONtAWctA+OkZnqIYaiKI79ICe0LN1bz1aL9brV2vBymfW0I+y3j4B642aiA==</latexit><latexit sha1_base64="w6FS2t0micKoNACv9i6RSArbE3A=">AAACE3icbZDLSsNAFIYn9V5vVZduBougSEsSBXUhiG5c1mK10MQwmU7boZNJmDkRS+hDuPFV3LhQcevGnW/jtGbh7cDAx/+fw5nzh4ngGmz7wypMTE5Nz8zOFecXFpeWSyurlzpOFWUNGotYNUOimeCSNYCDYM1EMRKFgl2F/dORf3XDlOaxvIBBwvyIdCXvcErASEFpp37t4iPsaS4NuFse9BiQIHN3hxXs3fJtYzoVXA/sazcole2qPS78F5wcyiivWlB699oxTSMmgQqidcuxE/AzooBTwYZFL9UsIbRPuqxlUJKIaT8bHzXEm0Zp406szJOAx+r3iYxEWg+i0HRGBHr6tzcS//NaKXQO/IzLJAUm6deiTiowxHiUEG5zxSiIgQFCFTd/xbRHFKFgciyaEJzfJ/+Fhls9rNrne+XjkzyNWbSONtAWctA+OkZnqIYaiKI79ICe0LN1bz1aL9brV2vBymfW0I+y3j4B642aiA==</latexit>

sin

2
2⇥m = cos

2
2⇠

<latexit sha1_base64="1Q7JnoDv7vFbedmWFuNMWDdAtyU=">AAACBnicbVBNS8NAEN34WetX1KMgi0XwVNIiqAeh6MVjhcYWmhg22027dLMbdjdiCb158a948aDi1d/gzX/jNs1BWx8MPN6bYWZemDCqtON8WwuLS8srq6W18vrG5ta2vbN7q0QqMXGxYEJ2QqQIo5y4mmpGOokkKA4ZaYfDq4nfvidSUcFbepQQP0Z9TiOKkTZSYB94ivK7Oqx7rQHRKIjhBfSwULn0QAO74lSdHHCe1ApSAQWagf3l9QROY8I1Zkipbs1JtJ8hqSlmZFz2UkUShIeoT7qGchQT5Wf5H2N4ZJQejIQ0xTXM1d8TGYqVGsWh6YyRHqhZbyL+53VTHZ35GeVJqgnH00VRyqAWcBIK7FFJsGYjQxCW1NwK8QBJhLWJrmxCqM2+PE/cevW86tycVBqXRRolsA8OwTGogVPQANegCVyAwSN4Bq/gzXqyXqx362PaumAVM3vgD6zPH833l40=</latexit><latexit sha1_base64="1Q7JnoDv7vFbedmWFuNMWDdAtyU=">AAACBnicbVBNS8NAEN34WetX1KMgi0XwVNIiqAeh6MVjhcYWmhg22027dLMbdjdiCb158a948aDi1d/gzX/jNs1BWx8MPN6bYWZemDCqtON8WwuLS8srq6W18vrG5ta2vbN7q0QqMXGxYEJ2QqQIo5y4mmpGOokkKA4ZaYfDq4nfvidSUcFbepQQP0Z9TiOKkTZSYB94ivK7Oqx7rQHRKIjhBfSwULn0QAO74lSdHHCe1ApSAQWagf3l9QROY8I1Zkipbs1JtJ8hqSlmZFz2UkUShIeoT7qGchQT5Wf5H2N4ZJQejIQ0xTXM1d8TGYqVGsWh6YyRHqhZbyL+53VTHZ35GeVJqgnH00VRyqAWcBIK7FFJsGYjQxCW1NwK8QBJhLWJrmxCqM2+PE/cevW86tycVBqXRRolsA8OwTGogVPQANegCVyAwSN4Bq/gzXqyXqx362PaumAVM3vgD6zPH833l40=</latexit><latexit sha1_base64="1Q7JnoDv7vFbedmWFuNMWDdAtyU=">AAACBnicbVBNS8NAEN34WetX1KMgi0XwVNIiqAeh6MVjhcYWmhg22027dLMbdjdiCb158a948aDi1d/gzX/jNs1BWx8MPN6bYWZemDCqtON8WwuLS8srq6W18vrG5ta2vbN7q0QqMXGxYEJ2QqQIo5y4mmpGOokkKA4ZaYfDq4nfvidSUcFbepQQP0Z9TiOKkTZSYB94ivK7Oqx7rQHRKIjhBfSwULn0QAO74lSdHHCe1ApSAQWagf3l9QROY8I1Zkipbs1JtJ8hqSlmZFz2UkUShIeoT7qGchQT5Wf5H2N4ZJQejIQ0xTXM1d8TGYqVGsWh6YyRHqhZbyL+53VTHZ35GeVJqgnH00VRyqAWcBIK7FFJsGYjQxCW1NwK8QBJhLWJrmxCqM2+PE/cevW86tycVBqXRRolsA8OwTGogVPQANegCVyAwSN4Bq/gzXqyXqx362PaumAVM3vgD6zPH833l40=</latexit>

(⇠ = 0 ! sin2 2⇥m = 1)
<latexit sha1_base64="Z5TC2izAjIRi9wwOIPYPoReqI80=">AAACB3icbVA9TwJBEN3DL8SvU0sLNxITbMgdMVELEqKNJSYgJNxJ9pYFNuztXXbnjIRQ2vhXbCzU2PoX7Pw3LnCFgi+Z5OW9mczMC2LBNTjOt5VZWl5ZXcuu5zY2t7Z37N29Wx0lirI6jUSkmgHRTHDJ6sBBsGasGAkDwRrB4GriN+6Z0jySNRjGzA9JT/IupwSM1LYPC94DLzvYg8jTXN6VcMmr9RmQdojL2D1p23mn6EyBF4mbkjxKUW3bX14noknIJFBBtG65Tgz+iCjgVLBxzks0iwkdkB5rGSpJyLQ/mj4yxsdG6eBupExJwFP198SIhFoPw8B0hgT6et6biP95rQS65/6IyzgBJulsUTcRGCI8SQV3uGIUxNAQQhU3t2LaJ4pQMNnlTAju/MuLpF4qXhSdm9N85TJNI4sO0BEqIBedoQq6RlVURxQ9omf0it6sJ+vFerc+Zq0ZK53ZR39gff4AqW6XYg==</latexit><latexit sha1_base64="Z5TC2izAjIRi9wwOIPYPoReqI80=">AAACB3icbVA9TwJBEN3DL8SvU0sLNxITbMgdMVELEqKNJSYgJNxJ9pYFNuztXXbnjIRQ2vhXbCzU2PoX7Pw3LnCFgi+Z5OW9mczMC2LBNTjOt5VZWl5ZXcuu5zY2t7Z37N29Wx0lirI6jUSkmgHRTHDJ6sBBsGasGAkDwRrB4GriN+6Z0jySNRjGzA9JT/IupwSM1LYPC94DLzvYg8jTXN6VcMmr9RmQdojL2D1p23mn6EyBF4mbkjxKUW3bX14noknIJFBBtG65Tgz+iCjgVLBxzks0iwkdkB5rGSpJyLQ/mj4yxsdG6eBupExJwFP198SIhFoPw8B0hgT6et6biP95rQS65/6IyzgBJulsUTcRGCI8SQV3uGIUxNAQQhU3t2LaJ4pQMNnlTAju/MuLpF4qXhSdm9N85TJNI4sO0BEqIBedoQq6RlVURxQ9omf0it6sJ+vFerc+Zq0ZK53ZR39gff4AqW6XYg==</latexit><latexit sha1_base64="Z5TC2izAjIRi9wwOIPYPoReqI80=">AAACB3icbVA9TwJBEN3DL8SvU0sLNxITbMgdMVELEqKNJSYgJNxJ9pYFNuztXXbnjIRQ2vhXbCzU2PoX7Pw3LnCFgi+Z5OW9mczMC2LBNTjOt5VZWl5ZXcuu5zY2t7Z37N29Wx0lirI6jUSkmgHRTHDJ6sBBsGasGAkDwRrB4GriN+6Z0jySNRjGzA9JT/IupwSM1LYPC94DLzvYg8jTXN6VcMmr9RmQdojL2D1p23mn6EyBF4mbkjxKUW3bX14noknIJFBBtG65Tgz+iCjgVLBxzks0iwkdkB5rGSpJyLQ/mj4yxsdG6eBupExJwFP198SIhFoPw8B0hgT6et6biP95rQS65/6IyzgBJulsUTcRGCI8SQV3uGIUxNAQQhU3t2LaJ4pQMNnlTAju/MuLpF4qXhSdm9N85TJNI4sO0BEqIBedoQq6RlVURxQ9omf0it6sJ+vFerc+Zq0ZK53ZR39gff4AqW6XYg==</latexit>

(⇠ = ⇡/4 ! sin2 2⇥m = 0)
<latexit sha1_base64="0SMx/2ZjMs30sQWpADYWqF5yfdM=">AAACC3icbVDLSgMxFM34rPVVdekmWIS6qTOloC4KRTcuK3RsoVNLJs20oZnMkNwRy9APcOOvuHGh4tYfcOffmD4W2nogcDjnXG7u8WPBNdj2t7W0vLK6tp7ZyG5ube/s5vb2b3WUKMpcGolINX2imeCSucBBsGasGAl9wRr+4GrsN+6Z0jySdRjGrB2SnuQBpwSM1MnlC94Dr3gxPy1jDyJPc3lXwiWv3mdAOiGuYPvEpOyiPQFeJM6M5NEMtU7uy+tGNAmZBCqI1i3HjqGdEgWcCjbKeolmMaED0mMtQyUJmW6nk2NG+NgoXRxEyjwJeKL+nkhJqPUw9E0yJNDX895Y/M9rJRCct1Mu4wSYpNNFQSIwRHjcDO5yxSiIoSGEKm7+immfKELB9Jc1JTjzJy8St1S8KNo35Xz1ctZGBh2iI1RADjpDVXSNashFFD2iZ/SK3qwn68V6tz6m0SVrNnOA/sD6/AGKxJjx</latexit><latexit sha1_base64="0SMx/2ZjMs30sQWpADYWqF5yfdM=">AAACC3icbVDLSgMxFM34rPVVdekmWIS6qTOloC4KRTcuK3RsoVNLJs20oZnMkNwRy9APcOOvuHGh4tYfcOffmD4W2nogcDjnXG7u8WPBNdj2t7W0vLK6tp7ZyG5ube/s5vb2b3WUKMpcGolINX2imeCSucBBsGasGAl9wRr+4GrsN+6Z0jySdRjGrB2SnuQBpwSM1MnlC94Dr3gxPy1jDyJPc3lXwiWv3mdAOiGuYPvEpOyiPQFeJM6M5NEMtU7uy+tGNAmZBCqI1i3HjqGdEgWcCjbKeolmMaED0mMtQyUJmW6nk2NG+NgoXRxEyjwJeKL+nkhJqPUw9E0yJNDX895Y/M9rJRCct1Mu4wSYpNNFQSIwRHjcDO5yxSiIoSGEKm7+immfKELB9Jc1JTjzJy8St1S8KNo35Xz1ctZGBh2iI1RADjpDVXSNashFFD2iZ/SK3qwn68V6tz6m0SVrNnOA/sD6/AGKxJjx</latexit><latexit sha1_base64="0SMx/2ZjMs30sQWpADYWqF5yfdM=">AAACC3icbVDLSgMxFM34rPVVdekmWIS6qTOloC4KRTcuK3RsoVNLJs20oZnMkNwRy9APcOOvuHGh4tYfcOffmD4W2nogcDjnXG7u8WPBNdj2t7W0vLK6tp7ZyG5ube/s5vb2b3WUKMpcGolINX2imeCSucBBsGasGAl9wRr+4GrsN+6Z0jySdRjGrB2SnuQBpwSM1MnlC94Dr3gxPy1jDyJPc3lXwiWv3mdAOiGuYPvEpOyiPQFeJM6M5NEMtU7uy+tGNAmZBCqI1i3HjqGdEgWcCjbKeolmMaED0mMtQyUJmW6nk2NG+NgoXRxEyjwJeKL+nkhJqPUw9E0yJNDX895Y/M9rJRCct1Mu4wSYpNNFQSIwRHjcDO5yxSiIoSGEKm7+immfKELB9Jc1JTjzJy8St1S8KNo35Xz1ctZGBh2iI1RADjpDVXSNashFFD2iZ/SK3qwn68V6tz6m0SVrNnOA/sD6/AGKxJjx</latexit>

The two limits: &
MSWmatter dominated

Osc. phase in 
the Resonance �m =

�m2
31L

4E
sin 2(✓23 � ⇠)

<latexit sha1_base64="XZc+rpOSPsk2/UVhHq3R4QWF3DE="></latexit><latexit sha1_base64="XZc+rpOSPsk2/UVhHq3R4QWF3DE="></latexit><latexit sha1_base64="XZc+rpOSPsk2/UVhHq3R4QWF3DE="></latexit>

✏ > 0
<latexit sha1_base64="FsL/5v0eQ79qG6Hr5BL/9J60flQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUC9S9OKxgmsL3aVk09k2NJuEJCuUpX/DiwcVr/4ab/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo5GZphBQyaXuxMQAZwICyyyHjtJA0phDOx7dTv32E2jDpHiwYwVRSgaCJYwS66QwBGUYlwJfY79Xrfl1fwa8TBoFqaECrV71K+xLmqUgLOXEmG7DVzbKibaMcphUwsyAInREBtB1VJAUTJTPbp7gE6f0cSK1K2HxTP09kZPUmHEau86U2KFZ9Kbif143s8lllDOhMguCzhclGcdW4mkAuM80UMvHjhCqmbsV0yHRhFoXU8WF0Fh8eZkEZ/Wrun9/XmveFGmU0RE6RqeogS5QE92hFgoQRQo9o1f05mXei/fufcxbS14xc4j+wPv8AWE9kMk=</latexit><latexit sha1_base64="FsL/5v0eQ79qG6Hr5BL/9J60flQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUC9S9OKxgmsL3aVk09k2NJuEJCuUpX/DiwcVr/4ab/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo5GZphBQyaXuxMQAZwICyyyHjtJA0phDOx7dTv32E2jDpHiwYwVRSgaCJYwS66QwBGUYlwJfY79Xrfl1fwa8TBoFqaECrV71K+xLmqUgLOXEmG7DVzbKibaMcphUwsyAInREBtB1VJAUTJTPbp7gE6f0cSK1K2HxTP09kZPUmHEau86U2KFZ9Kbif143s8lllDOhMguCzhclGcdW4mkAuM80UMvHjhCqmbsV0yHRhFoXU8WF0Fh8eZkEZ/Wrun9/XmveFGmU0RE6RqeogS5QE92hFgoQRQo9o1f05mXei/fufcxbS14xc4j+wPv8AWE9kMk=</latexit><latexit sha1_base64="FsL/5v0eQ79qG6Hr5BL/9J60flQ=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUC9S9OKxgmsL3aVk09k2NJuEJCuUpX/DiwcVr/4ab/4b03YP2vpg4PHeDDPzYsWZsb7/7ZVWVtfWN8qbla3tnd296v7Bo5GZphBQyaXuxMQAZwICyyyHjtJA0phDOx7dTv32E2jDpHiwYwVRSgaCJYwS66QwBGUYlwJfY79Xrfl1fwa8TBoFqaECrV71K+xLmqUgLOXEmG7DVzbKibaMcphUwsyAInREBtB1VJAUTJTPbp7gE6f0cSK1K2HxTP09kZPUmHEau86U2KFZ9Kbif143s8lllDOhMguCzhclGcdW4mkAuM80UMvHjhCqmbsV0yHRhFoXU8WF0Fh8eZkEZ/Wrun9/XmveFGmU0RE6RqeogS5QE92hFgoQRQo9o1f05mXei/fufcxbS14xc4j+wPv8AWE9kMk=</latexit>

anti-neutrino

neutrino✏ < 0
<latexit sha1_base64="10TzLQjy02yYnk7ZKX5iAbY9cII=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUMFD0YvHCq4tdJeSTWfb0GwSkqxQlv4NLx5UvPprvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHj0ZmmkJAJZe6ExMDnAkILLMcOkoDSWMO7Xh0O/XbT6ANk+LBjhVEKRkIljBKrJPCEJRhXAp8jf1etebX/RnwMmkUpIYKtHrVr7AvaZaCsJQTY7oNX9koJ9oyymFSCTMDitARGUDXUUFSMFE+u3mCT5zSx4nUroTFM/X3RE5SY8Zp7DpTYodm0ZuK/3ndzCaXUc6EyiwIOl+UZBxbiacB4D7TQC0fO0KoZu5WTIdEE2pdTBUXQmPx5WUSnNWv6v79ea15U6RRRkfoGJ2iBrpATXSHWihAFCn0jF7Rm5d5L9679zFvLXnFzCH6A+/zB14zkMc=</latexit><latexit sha1_base64="10TzLQjy02yYnk7ZKX5iAbY9cII=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUMFD0YvHCq4tdJeSTWfb0GwSkqxQlv4NLx5UvPprvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHj0ZmmkJAJZe6ExMDnAkILLMcOkoDSWMO7Xh0O/XbT6ANk+LBjhVEKRkIljBKrJPCEJRhXAp8jf1etebX/RnwMmkUpIYKtHrVr7AvaZaCsJQTY7oNX9koJ9oyymFSCTMDitARGUDXUUFSMFE+u3mCT5zSx4nUroTFM/X3RE5SY8Zp7DpTYodm0ZuK/3ndzCaXUc6EyiwIOl+UZBxbiacB4D7TQC0fO0KoZu5WTIdEE2pdTBUXQmPx5WUSnNWv6v79ea15U6RRRkfoGJ2iBrpATXSHWihAFCn0jF7Rm5d5L9679zFvLXnFzCH6A+/zB14zkMc=</latexit><latexit sha1_base64="10TzLQjy02yYnk7ZKX5iAbY9cII=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqWxFUMFD0YvHCq4tdJeSTWfb0GwSkqxQlv4NLx5UvPprvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHj0ZmmkJAJZe6ExMDnAkILLMcOkoDSWMO7Xh0O/XbT6ANk+LBjhVEKRkIljBKrJPCEJRhXAp8jf1etebX/RnwMmkUpIYKtHrVr7AvaZaCsJQTY7oNX9koJ9oyymFSCTMDitARGUDXUUFSMFE+u3mCT5zSx4nUroTFM/X3RE5SY8Zp7DpTYodm0ZuK/3ndzCaXUc6EyiwIOl+UZBxbiacB4D7TQC0fO0KoZu5WTIdEE2pdTBUXQmPx5WUSnNWv6v79ea15U6RRRkfoGJ2iBrpATXSHWihAFCn0jF7Rm5d5L9679zFvLXnFzCH6A+/zB14zkMc=</latexit>
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

What happens in the Resonance?

Maximal interplay between 
vacuum and NSI E ' ER or R0 = �1

<latexit sha1_base64="R1Pt6nMHjIeNnDVpgZ0HyyDlKMQ=">AAACE3icbVDLSsNAFJ34rPVVdelmsAiCWBIR1IVQlILLWowtNCFMJpN26EySzkyEEvoRbvwVNy5U3Lpx5984bSNo64ELZ865l7n3+AmjUpnmlzE3v7C4tFxYKa6urW9slra272ScCkxsHLNYtHwkCaMRsRVVjLQSQRD3GWn6vauR37wnQtI4ulWDhLgcdSIaUoyUlrzSYQ06knLShzWvAZ1+P0UBzBzBYSyGP++GZ8KLI8srlc2KOQacJVZOyiBH3St9OkGMU04ihRmSsm2ZiXIzJBTFjAyLTipJgnAPdUhb0whxIt1sfNQQ7mslgGEsdEUKjtXfExniUg64rzs5Ul057Y3E/7x2qsIzN6NRkioS4clHYcqgiuEoIRhQQbBiA00QFlTvCnEXCYSVzrGoQ7CmT54l9nHlvGLenJSrl3kaBbAL9sABsMApqIJrUAc2wOABPIEX8Go8Gs/Gm/E+aZ0z8pkd8AfGxzfgvpxi</latexit><latexit sha1_base64="R1Pt6nMHjIeNnDVpgZ0HyyDlKMQ=">AAACE3icbVDLSsNAFJ34rPVVdelmsAiCWBIR1IVQlILLWowtNCFMJpN26EySzkyEEvoRbvwVNy5U3Lpx5984bSNo64ELZ865l7n3+AmjUpnmlzE3v7C4tFxYKa6urW9slra272ScCkxsHLNYtHwkCaMRsRVVjLQSQRD3GWn6vauR37wnQtI4ulWDhLgcdSIaUoyUlrzSYQ06knLShzWvAZ1+P0UBzBzBYSyGP++GZ8KLI8srlc2KOQacJVZOyiBH3St9OkGMU04ihRmSsm2ZiXIzJBTFjAyLTipJgnAPdUhb0whxIt1sfNQQ7mslgGEsdEUKjtXfExniUg64rzs5Ul057Y3E/7x2qsIzN6NRkioS4clHYcqgiuEoIRhQQbBiA00QFlTvCnEXCYSVzrGoQ7CmT54l9nHlvGLenJSrl3kaBbAL9sABsMApqIJrUAc2wOABPIEX8Go8Gs/Gm/E+aZ0z8pkd8AfGxzfgvpxi</latexit><latexit sha1_base64="R1Pt6nMHjIeNnDVpgZ0HyyDlKMQ=">AAACE3icbVDLSsNAFJ34rPVVdelmsAiCWBIR1IVQlILLWowtNCFMJpN26EySzkyEEvoRbvwVNy5U3Lpx5984bSNo64ELZ865l7n3+AmjUpnmlzE3v7C4tFxYKa6urW9slra272ScCkxsHLNYtHwkCaMRsRVVjLQSQRD3GWn6vauR37wnQtI4ulWDhLgcdSIaUoyUlrzSYQ06knLShzWvAZ1+P0UBzBzBYSyGP++GZ8KLI8srlc2KOQacJVZOyiBH3St9OkGMU04ihRmSsm2ZiXIzJBTFjAyLTipJgnAPdUhb0whxIt1sfNQQ7mslgGEsdEUKjtXfExniUg64rzs5Ul057Y3E/7x2qsIzN6NRkioS4clHYcqgiuEoIRhQQbBiA00QFlTvCnEXCYSVzrGoQ7CmT54l9nHlvGLenJSrl3kaBbAL9sABsMApqIJrUAc2wOABPIEX8Go8Gs/Gm/E+aZ0z8pkd8AfGxzfgvpxi</latexit>

E ' ER
<latexit sha1_base64="QGYVaPiXYjW4zUAVfzeCzgmRajE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FKXisYmyhCWWz3bRLdzdxdyOU0L/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8KOVMG9f9ckpLyyura+X1ysbm1vZOdXfvXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU399iNVmiXyzoxTGgo8kCxmBBsrBU0UaCboA2r2bnvVmlt3Z0B/iVeQGhRo9aqfQT8hmaDSEI617npuasIcK8MIp5NKkGmaYjLCA9q1VGJBdZjPbp6gI6v0UZwoW9KgmfpzIsdC67GIbKfAZqgXvan4n9fNTHwe5kymmaGSzBfFGUcmQdMAUJ8pSgwfW4KJYvZWRIZYYWJsTBUbgrf48l/in9Qv6u7Naa1xWaRRhgM4hGPw4AwacA0t8IFACk/wAq9O5jw7b877vLXkFDP78AvOxzdH3ZC7</latexit><latexit sha1_base64="QGYVaPiXYjW4zUAVfzeCzgmRajE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FKXisYmyhCWWz3bRLdzdxdyOU0L/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8KOVMG9f9ckpLyyura+X1ysbm1vZOdXfvXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU399iNVmiXyzoxTGgo8kCxmBBsrBU0UaCboA2r2bnvVmlt3Z0B/iVeQGhRo9aqfQT8hmaDSEI617npuasIcK8MIp5NKkGmaYjLCA9q1VGJBdZjPbp6gI6v0UZwoW9KgmfpzIsdC67GIbKfAZqgXvan4n9fNTHwe5kymmaGSzBfFGUcmQdMAUJ8pSgwfW4KJYvZWRIZYYWJsTBUbgrf48l/in9Qv6u7Naa1xWaRRhgM4hGPw4AwacA0t8IFACk/wAq9O5jw7b877vLXkFDP78AvOxzdH3ZC7</latexit><latexit sha1_base64="QGYVaPiXYjW4zUAVfzeCzgmRajE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FKXisYmyhCWWz3bRLdzdxdyOU0L/hxYOKV3+NN/+N2zYHrT4YeLw3w8y8KOVMG9f9ckpLyyura+X1ysbm1vZOdXfvXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU399iNVmiXyzoxTGgo8kCxmBBsrBU0UaCboA2r2bnvVmlt3Z0B/iVeQGhRo9aqfQT8hmaDSEI617npuasIcK8MIp5NKkGmaYjLCA9q1VGJBdZjPbp6gI6v0UZwoW9KgmfpzIsdC67GIbKfAZqgXvan4n9fNTHwe5kymmaGSzBfFGUcmQdMAUJ8pSgwfW4KJYvZWRIZYYWJsTBUbgrf48l/in9Qv6u7Naa1xWaRRhgM4hGPw4AwacA0t8IFACk/wAq9O5jw7b877vLXkFDP78AvOxzdH3ZC7</latexit>

In the range The probability depends 
linearly on ɛ
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

R0 quantifies the relative effect of NSI

R0 ! 0
<latexit sha1_base64="htjZOjM9e0DfVEgtzu+eTjKrAoE=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp5IVQb0VvXis4tpKu5Rsmm1Dk+ySZIWy9Fd48aDi1b/jzX9j2u5BqwOBYeY98maiVHBjMf7ySkvLK6tr5fXKxubW9k51d+/eJJmmLKCJSHQ7IoYJrlhguRWsnWpGZCRYKxpdTf3WI9OGJ+rOjlMWSjJQPOaUWCc93PYw6toE4V61hut4BvSX+AWpQYFmr/rZ7Sc0k0xZKogxHR+nNsyJtpwKNql0M8NSQkdkwDqOKiKZCfPZwRN05JQ+ihPtnrJopv7cyIk0ZiwjNymJHZpFbyr+53UyG5+HOVdpZpmi84/iTCAXcZoe9blm1IqxI4Rq7m5FdEg0odZ1VHEl+IuR/5LgpH5RxzentcZl0UYZDuAQjsGHM2jANTQhAAoSnuAFXj3tPXtv3vt8tOQVO/vwC97HN7DUjzc=</latexit><latexit sha1_base64="htjZOjM9e0DfVEgtzu+eTjKrAoE=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp5IVQb0VvXis4tpKu5Rsmm1Dk+ySZIWy9Fd48aDi1b/jzX9j2u5BqwOBYeY98maiVHBjMf7ySkvLK6tr5fXKxubW9k51d+/eJJmmLKCJSHQ7IoYJrlhguRWsnWpGZCRYKxpdTf3WI9OGJ+rOjlMWSjJQPOaUWCc93PYw6toE4V61hut4BvSX+AWpQYFmr/rZ7Sc0k0xZKogxHR+nNsyJtpwKNql0M8NSQkdkwDqOKiKZCfPZwRN05JQ+ihPtnrJopv7cyIk0ZiwjNymJHZpFbyr+53UyG5+HOVdpZpmi84/iTCAXcZoe9blm1IqxI4Rq7m5FdEg0odZ1VHEl+IuR/5LgpH5RxzentcZl0UYZDuAQjsGHM2jANTQhAAoSnuAFXj3tPXtv3vt8tOQVO/vwC97HN7DUjzc=</latexit><latexit sha1_base64="htjZOjM9e0DfVEgtzu+eTjKrAoE=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp5IVQb0VvXis4tpKu5Rsmm1Dk+ySZIWy9Fd48aDi1b/jzX9j2u5BqwOBYeY98maiVHBjMf7ySkvLK6tr5fXKxubW9k51d+/eJJmmLKCJSHQ7IoYJrlhguRWsnWpGZCRYKxpdTf3WI9OGJ+rOjlMWSjJQPOaUWCc93PYw6toE4V61hut4BvSX+AWpQYFmr/rZ7Sc0k0xZKogxHR+nNsyJtpwKNql0M8NSQkdkwDqOKiKZCfPZwRN05JQ+ihPtnrJopv7cyIk0ZiwjNymJHZpFbyr+53UyG5+HOVdpZpmi84/iTCAXcZoe9blm1IqxI4Rq7m5FdEg0odZ1VHEl+IuR/5LgpH5RxzentcZl0UYZDuAQjsGHM2jANTQhAAoSnuAFXj3tPXtv3vt8tOQVO/vwC97HN7DUjzc=</latexit>

Low energies
⇠ ! 0 and R ! 1

<latexit sha1_base64="RqDxKzl+uRQudDa2upeFtfvumY8=">AAACD3icbVBNS8NAEN34WetX1KOXxSJ6KokI6q3oxWMVYwtNKJvNpl26u0l3N2IJ/Qle/CtePKh49erNf+O2jaCtDwYe780wMy9MGVXacb6sufmFxaXl0kp5dW19Y9Pe2r5VSSYx8XDCEtkMkSKMCuJpqhlpppIgHjLSCHsXI79xR6SiibjRg5QEHHUEjSlG2kht+8C/p9DXCXSg3+9nKIK5LzlEIhr+CNfGdtt2xak6Y8BZ4hakAgrU2/anHyU440RozJBSLddJdZAjqSlmZFj2M0VShHuoQ1qGCsSJCvLxQ0O4b5QIxok0JTQcq78ncsSVGvDQdHKku2raG4n/ea1Mx6dBTkWaaSLwZFGcMWgCGKUDIyoJ1mxgCMKSmlsh7iKJsDYZlk0I7vTLs8Q7qp5VnavjSu28SKMEdsEeOAQuOAE1cAnqwAMYPIAn8AJerUfr2Xqz3ietc1YxswP+wPr4BjnFm6g=</latexit><latexit sha1_base64="RqDxKzl+uRQudDa2upeFtfvumY8=">AAACD3icbVBNS8NAEN34WetX1KOXxSJ6KokI6q3oxWMVYwtNKJvNpl26u0l3N2IJ/Qle/CtePKh49erNf+O2jaCtDwYe780wMy9MGVXacb6sufmFxaXl0kp5dW19Y9Pe2r5VSSYx8XDCEtkMkSKMCuJpqhlpppIgHjLSCHsXI79xR6SiibjRg5QEHHUEjSlG2kht+8C/p9DXCXSg3+9nKIK5LzlEIhr+CNfGdtt2xak6Y8BZ4hakAgrU2/anHyU440RozJBSLddJdZAjqSlmZFj2M0VShHuoQ1qGCsSJCvLxQ0O4b5QIxok0JTQcq78ncsSVGvDQdHKku2raG4n/ea1Mx6dBTkWaaSLwZFGcMWgCGKUDIyoJ1mxgCMKSmlsh7iKJsDYZlk0I7vTLs8Q7qp5VnavjSu28SKMEdsEeOAQuOAE1cAnqwAMYPIAn8AJerUfr2Xqz3ietc1YxswP+wPr4BjnFm6g=</latexit><latexit sha1_base64="RqDxKzl+uRQudDa2upeFtfvumY8=">AAACD3icbVBNS8NAEN34WetX1KOXxSJ6KokI6q3oxWMVYwtNKJvNpl26u0l3N2IJ/Qle/CtePKh49erNf+O2jaCtDwYe780wMy9MGVXacb6sufmFxaXl0kp5dW19Y9Pe2r5VSSYx8XDCEtkMkSKMCuJpqhlpppIgHjLSCHsXI79xR6SiibjRg5QEHHUEjSlG2kht+8C/p9DXCXSg3+9nKIK5LzlEIhr+CNfGdtt2xak6Y8BZ4hakAgrU2/anHyU440RozJBSLddJdZAjqSlmZFj2M0VShHuoQ1qGCsSJCvLxQ0O4b5QIxok0JTQcq78ncsSVGvDQdHKku2raG4n/ea1Mx6dBTkWaaSLwZFGcMWgCGKUDIyoJ1mxgCMKSmlsh7iKJsDYZlk0I7vTLs8Q7qp5VnavjSu28SKMEdsEeOAQuOAE1cAnqwAMYPIAn8AJerUfr2Xqz3ietc1YxswP+wPr4BjnFm6g=</latexit>

vacuum osc. 
recovers

sin2 2⇥m = sin 2✓23, �Hm ! �m2
31

2E⌫
, �m ! �m2

31L

4E⌫
<latexit sha1_base64="AU8ofCYs+jRZJc936KOVfXeBLq8="></latexit><latexit sha1_base64="AU8ofCYs+jRZJc936KOVfXeBLq8="></latexit><latexit sha1_base64="AU8ofCYs+jRZJc936KOVfXeBLq8="></latexit>

High energies
R0 ! 1

<latexit sha1_base64="Y0TTGeO9CmFm9lou/42NFTt9aro=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoatlsN+3SzSbsTpRQ+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+7dmzjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4Ph1cRvPnJtRKzuMEt4J6J9JULBKFrp4bbrEh9j4gsVYtYtV9yqOwVZJLWcVCBHo1v+8nsxSyOukElqTLvmJtgZUY2CST4u+anhCWVD2udtSxWNuOmMplePyZFVeiSMtS2FZKr+nhjRyJgsCmxnRHFg5r2J+J/XTjE874yESlLkis0Whakk9s9JBKQnNGcoM0so08LeStiAasrQBlWyIdTmX14k3kn1ourenFbql3kaRTiAQziGGpxBHa6hAR4w0PAMr/DmPDkvzrvzMWstOPnMPvyB8/kDA86Rvw==</latexit><latexit sha1_base64="Y0TTGeO9CmFm9lou/42NFTt9aro=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoatlsN+3SzSbsTpRQ+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+7dmzjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4Ph1cRvPnJtRKzuMEt4J6J9JULBKFrp4bbrEh9j4gsVYtYtV9yqOwVZJLWcVCBHo1v+8nsxSyOukElqTLvmJtgZUY2CST4u+anhCWVD2udtSxWNuOmMplePyZFVeiSMtS2FZKr+nhjRyJgsCmxnRHFg5r2J+J/XTjE874yESlLkis0Whakk9s9JBKQnNGcoM0so08LeStiAasrQBlWyIdTmX14k3kn1ourenFbql3kaRTiAQziGGpxBHa6hAR4w0PAMr/DmPDkvzrvzMWstOPnMPvyB8/kDA86Rvw==</latexit><latexit sha1_base64="Y0TTGeO9CmFm9lou/42NFTt9aro=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FLx6rGFtoatlsN+3SzSbsTpRQ+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFpeWV1rbhe2tjc2t4p7+7dmzjVjHsslrFuBdRwKRT3UKDkrURzGgWSN4Ph1cRvPnJtRKzuMEt4J6J9JULBKFrp4bbrEh9j4gsVYtYtV9yqOwVZJLWcVCBHo1v+8nsxSyOukElqTLvmJtgZUY2CST4u+anhCWVD2udtSxWNuOmMplePyZFVeiSMtS2FZKr+nhjRyJgsCmxnRHFg5r2J+J/XTjE874yESlLkis0Whakk9s9JBKQnNGcoM0so08LeStiAasrQBlWyIdTmX14k3kn1ourenFbql3kaRTiAQziGGpxBHa6hAR4w0PAMr/DmPDkvzrvzMWstOPnMPvyB8/kDA86Rvw==</latexit> R ! R0
<latexit sha1_base64="YOQOln2ZF5tPs1ANwmbR7jNtGk0=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYi2sr7VKyabYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T940HGqCPVJzGPVCbGmnEnqG2Y47SSKYhFy2g7HN7nffqJKs1jem0lCA4GHkkWMYGOlxxbqmRi1+m6/WnPr7gxomXgFqUGBZr/61RvEJBVUGsKx1l3PTUyQYWUY4XRa6aWaJpiM8ZB2LZVYUB1ks4On6MQqAxTFyj5p0Ez9vZFhofVEhHZSYDPSi14u/ud1UxNdBhmTSWqoJPOPopQjGzJPjwZMUWL4xBJMFLO3IjLCChNjO6rYErzFyMvEP6tf1d2781rjumijDEdwDKfgwQU04Baa4AMBAc/wCm+Ocl6cd+djPlpyip1D+APn8wfkgo9Z</latexit><latexit sha1_base64="YOQOln2ZF5tPs1ANwmbR7jNtGk0=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYi2sr7VKyabYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T940HGqCPVJzGPVCbGmnEnqG2Y47SSKYhFy2g7HN7nffqJKs1jem0lCA4GHkkWMYGOlxxbqmRi1+m6/WnPr7gxomXgFqUGBZr/61RvEJBVUGsKx1l3PTUyQYWUY4XRa6aWaJpiM8ZB2LZVYUB1ks4On6MQqAxTFyj5p0Ez9vZFhofVEhHZSYDPSi14u/ud1UxNdBhmTSWqoJPOPopQjGzJPjwZMUWL4xBJMFLO3IjLCChNjO6rYErzFyMvEP6tf1d2781rjumijDEdwDKfgwQU04Baa4AMBAc/wCm+Ocl6cd+djPlpyip1D+APn8wfkgo9Z</latexit><latexit sha1_base64="YOQOln2ZF5tPs1ANwmbR7jNtGk0=">AAAB73icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgnorevFYi2sr7VKyabYNTbJLkhXK0l/hxYOKV/+ON/+N2XYP2joQGGbeI28mTDjTxnW/ndLK6tr6RnmzsrW9s7tX3T940HGqCPVJzGPVCbGmnEnqG2Y47SSKYhFy2g7HN7nffqJKs1jem0lCA4GHkkWMYGOlxxbqmRi1+m6/WnPr7gxomXgFqUGBZr/61RvEJBVUGsKx1l3PTUyQYWUY4XRa6aWaJpiM8ZB2LZVYUB1ks4On6MQqAxTFyj5p0Ez9vZFhofVEhHZSYDPSi14u/ud1UxNdBhmTSWqoJPOPopQjGzJPjwZMUWL4xBJMFLO3IjLCChNjO6rYErzFyMvEP6tf1d2781rjumijDEdwDKfgwQU04Baa4AMBAc/wCm+Ocl6cd+djPlpyip1D+APn8wfkgo9Z</latexit>

matter dominated 
osc. recovers

sin 2⇥m ! sin 2⇠, �Hm ! VNSI
<latexit sha1_base64="rwmqUuLSV4JGIutLHjs08X/aTfQ="></latexit><latexit sha1_base64="rwmqUuLSV4JGIutLHjs08X/aTfQ="></latexit><latexit sha1_base64="rwmqUuLSV4JGIutLHjs08X/aTfQ="></latexit>
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✔ In the general case:

P (⌫µ ! ⌫µ) = 1� sin2 2⇥m sin2
✓
�m2

31L

4E⌫
R

◆

<latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit><latexit sha1_base64="rfT/KrTEOWmnr50blTWCkdnwGqE="></latexit>

Osc. prob.

R2
= [R0 + cos 2(✓23 � ⇠)]2 + sin

2
2(✓23 � ⇠)

<latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit><latexit sha1_base64="jHdHpYzNfozvaHyfcvp54mQvBYA=">AAACLHicbVDLSgMxFM3UV62vqks3wSIoYplWQV0IRV24rMVaoTMOmTRtQzOZIbkjlqE/5MZfEcFFFbd+h+ljoW0PBA7nnMvNPX4kuAbb7lupufmFxaX0cmZldW19I7u5da/DWFFWpaEI1YNPNBNcsipwEOwhUowEvmA1v3M18GtPTGkeyjvoRswNSEvyJqcEjORlryuPRXyB6xXPxofYoaEu7jvQZkC8pHjcO8LOMz9wTcaYmktDZvheNmfn7SHwNCmMSQ6NUfay704jpHHAJFBBtK4X7AjchCjgVLBexok1iwjtkBarGypJwLSbDK/t4T2jNHAzVOZJwEP170RCAq27gW+SAYG2nvQG4iyvHkPzzE24jGJgko4WNWOBIcSD6nCDK0ZBdA0hVHHzV0zbRBEKpuCMKaEwefI0qRbz53n79iRXuhy3kUY7aBftowI6RSV0g8qoiih6QW+ojz6tV+vD+rK+R9GUNZ7ZRv9g/fwC642j8Q==</latexit>

sin2 2⇥m =
1

R2
(sin 2✓23 +R0 sin 2⇠)

2

<latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit><latexit sha1_base64="OM16aZ/2ff9A2b+9bOQjS+uuzqM="></latexit>

&

With the decrease of ɛ the energy where the NSI 

effect becomes dominating increases 

Also: lm / 1/�Hm ⇠ 1/✏
<latexit sha1_base64="qjInSx+Y3U37b+TZFAI9Di+eFlw=">AAACGnicbVBNSwMxFMz6WetX1aOXYBE81d0iqLeiHnqsYG2hu5Rs+rYNTXZDkhXK0v/hxb/ixYOKN/HivzHb9qCtA4Fh5g15b0LJmTau++0sLa+srq0XNoqbW9s7u6W9/XudpIpCkyY8Ue2QaOAshqZhhkNbKiAi5NAKh9e533oApVkS35mRhECQfswiRomxUrdU5V2BfakSaRLsnfo3wA3BviBmQAnP6uPc1kzkHkjNeB4quxV3ArxIvBkpoxka3dKn30toKiA2lBOtO54rTZARZRjlMC76qQZJ6JD0oWNpTAToIJvcNsbHVunhKFH2xQZP1N+JjAitRyK0k/nSet7Lxf+8TmqiiyBjsUwNxHT6UZRybHvIi8I9poAaPrKEUMXsrpgOiCLU2DqLtgRv/uRF0qxWLivu7Vm5djVro4AO0RE6QR46RzVURw3URBQ9omf0it6cJ+fFeXc+pqNLzixzgP7A+foBS4CgjQ==</latexit><latexit sha1_base64="qjInSx+Y3U37b+TZFAI9Di+eFlw=">AAACGnicbVBNSwMxFMz6WetX1aOXYBE81d0iqLeiHnqsYG2hu5Rs+rYNTXZDkhXK0v/hxb/ixYOKN/HivzHb9qCtA4Fh5g15b0LJmTau++0sLa+srq0XNoqbW9s7u6W9/XudpIpCkyY8Ue2QaOAshqZhhkNbKiAi5NAKh9e533oApVkS35mRhECQfswiRomxUrdU5V2BfakSaRLsnfo3wA3BviBmQAnP6uPc1kzkHkjNeB4quxV3ArxIvBkpoxka3dKn30toKiA2lBOtO54rTZARZRjlMC76qQZJ6JD0oWNpTAToIJvcNsbHVunhKFH2xQZP1N+JjAitRyK0k/nSet7Lxf+8TmqiiyBjsUwNxHT6UZRybHvIi8I9poAaPrKEUMXsrpgOiCLU2DqLtgRv/uRF0qxWLivu7Vm5djVro4AO0RE6QR46RzVURw3URBQ9omf0it6cJ+fFeXc+pqNLzixzgP7A+foBS4CgjQ==</latexit><latexit sha1_base64="qjInSx+Y3U37b+TZFAI9Di+eFlw=">AAACGnicbVBNSwMxFMz6WetX1aOXYBE81d0iqLeiHnqsYG2hu5Rs+rYNTXZDkhXK0v/hxb/ixYOKN/HivzHb9qCtA4Fh5g15b0LJmTau++0sLa+srq0XNoqbW9s7u6W9/XudpIpCkyY8Ue2QaOAshqZhhkNbKiAi5NAKh9e533oApVkS35mRhECQfswiRomxUrdU5V2BfakSaRLsnfo3wA3BviBmQAnP6uPc1kzkHkjNeB4quxV3ArxIvBkpoxka3dKn30toKiA2lBOtO54rTZARZRjlMC76qQZJ6JD0oWNpTAToIJvcNsbHVunhKFH2xQZP1N+JjAitRyK0k/nSet7Lxf+8TmqiiyBjsUwNxHT6UZRybHvIi8I9poAaPrKEUMXsrpgOiCLU2DqLtgRv/uRF0qxWLivu7Vm5djVro4AO0RE6QR46RzVURw3URBQ9omf0it6cJ+fFeXc+pqNLzixzgP7A+foBS4CgjQ==</latexit>

At very small ɛ the oscillation length becomes 

much larger than the Earth’s diameter 

P (⌫µ ! ⌫µ) = 1� (sin 2✓23 +R0 sin 2⇠)
2 ·

✓
�m2

31L

4E⌫

◆2

<latexit sha1_base64="D9pLjNXAN+6Qxt4wIYntj9f/Bjw="></latexit><latexit sha1_base64="D9pLjNXAN+6Qxt4wIYntj9f/Bjw="></latexit><latexit sha1_base64="D9pLjNXAN+6Qxt4wIYntj9f/Bjw="></latexit>

In this case: 

For ξ = 0 the “vacuum mimicking” result can be 
obtained (Akhmedov 2001)
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✔ Flavor off-diagonal NSI (Universal NSI)

In this case sin 2ξ = 1, and: sin

2
2⇥m =

1

1 + cos

2
2✓23(R0 + sin 2✓23)�2

<latexit sha1_base64="3yp3TAlodm/bRvQZ5YBb5zkrr5E="></latexit><latexit sha1_base64="3yp3TAlodm/bRvQZ5YBb5zkrr5E="></latexit><latexit sha1_base64="3yp3TAlodm/bRvQZ5YBb5zkrr5E="></latexit>

converges to maximal 
for large R0

The resonance factor becomes R2
= [R0 + sin 2✓23]

2
+ cos

2
2✓23

<latexit sha1_base64="pNxWdViRR0fTP5rDneW6EjLYEzU=">AAACIHicbZDLSgMxFIYz9VbrrerSTbAIglCmo2BdCEU3LmuxttCOQybNtKGZzJCcEcrQV3Hjq7hxoaI7fRrTy6K2Hgh8/P85nJzfjwXXYNvfVmZpeWV1Lbue29jc2t7J7+7d6yhRlNVpJCLV9IlmgktWBw6CNWPFSOgL1vD71yO/8ciU5pG8g0HM3JB0JQ84JWAkL1+uPTj4Erdqno1PcFtziR3chh4D4qXO6dA1ttFppA04M4aXL9hFe1x4EUpTKKBpVb38V7sT0SRkEqggWrdKdgxuShRwKtgw1040iwntky5rGZQkZNpNxxcO8ZFROjiIlHkS8FidnUhJqPUg9E1nSKCn572R+J/XSiAouymXcQJM0smiIBEYIjyKC3e4YhTEwAChipu/YtojilAwoeZMCKX5kxeh7hQvivbtWaFyNU0jiw7QITpGJXSOKugGVVEdUfSEXtAbereerVfrw/qctGas6cw++lPWzy8KgqAD</latexit><latexit sha1_base64="pNxWdViRR0fTP5rDneW6EjLYEzU=">AAACIHicbZDLSgMxFIYz9VbrrerSTbAIglCmo2BdCEU3LmuxttCOQybNtKGZzJCcEcrQV3Hjq7hxoaI7fRrTy6K2Hgh8/P85nJzfjwXXYNvfVmZpeWV1Lbue29jc2t7J7+7d6yhRlNVpJCLV9IlmgktWBw6CNWPFSOgL1vD71yO/8ciU5pG8g0HM3JB0JQ84JWAkL1+uPTj4Erdqno1PcFtziR3chh4D4qXO6dA1ttFppA04M4aXL9hFe1x4EUpTKKBpVb38V7sT0SRkEqggWrdKdgxuShRwKtgw1040iwntky5rGZQkZNpNxxcO8ZFROjiIlHkS8FidnUhJqPUg9E1nSKCn572R+J/XSiAouymXcQJM0smiIBEYIjyKC3e4YhTEwAChipu/YtojilAwoeZMCKX5kxeh7hQvivbtWaFyNU0jiw7QITpGJXSOKugGVVEdUfSEXtAbereerVfrw/qctGas6cw++lPWzy8KgqAD</latexit><latexit sha1_base64="pNxWdViRR0fTP5rDneW6EjLYEzU=">AAACIHicbZDLSgMxFIYz9VbrrerSTbAIglCmo2BdCEU3LmuxttCOQybNtKGZzJCcEcrQV3Hjq7hxoaI7fRrTy6K2Hgh8/P85nJzfjwXXYNvfVmZpeWV1Lbue29jc2t7J7+7d6yhRlNVpJCLV9IlmgktWBw6CNWPFSOgL1vD71yO/8ciU5pG8g0HM3JB0JQ84JWAkL1+uPTj4Erdqno1PcFtziR3chh4D4qXO6dA1ttFppA04M4aXL9hFe1x4EUpTKKBpVb38V7sT0SRkEqggWrdKdgxuShRwKtgw1040iwntky5rGZQkZNpNxxcO8ZFROjiIlHkS8FidnUhJqPUg9E1nSKCn572R+J/XSiAouymXcQJM0smiIBEYIjyKC3e4YhTEwAChipu/YtojilAwoeZMCKX5kxeh7hQvivbtWaFyNU0jiw7QITpGJXSOKugGVVEdUfSEXtAbereerVfrw/qctGas6cw++lPWzy8KgqAD</latexit>

In the resonance
�m =

�m2
31L

4E⌫
cos 2✓23

<latexit sha1_base64="pK+3nRlsqYPEH2WJHEmjjNFL9qU="></latexit><latexit sha1_base64="pK+3nRlsqYPEH2WJHEmjjNFL9qU="></latexit><latexit sha1_base64="pK+3nRlsqYPEH2WJHEmjjNFL9qU="></latexit>

Far from the resonance �m ⇡ �vac + �matt =
�m2

32L(1 +R0)

4E⌫
=

�m2
32L

4E⌫
+ VdL✏µ⌧

<latexit sha1_base64="t/K01+DLqLetmJOqWhqujgGrPfk="></latexit><latexit sha1_base64="t/K01+DLqLetmJOqWhqujgGrPfk="></latexit><latexit sha1_base64="t/K01+DLqLetmJOqWhqujgGrPfk="></latexit>

modification of the phase 
is energy independent

�matt = 70

✓
⇢̄

5.5 g cm�3

◆✓
L

2R�

◆
✏µ⌧

<latexit sha1_base64="Xoxvx3q3UO+QgcymCLaJRoRjCV0="></latexit><latexit sha1_base64="Xoxvx3q3UO+QgcymCLaJRoRjCV0="></latexit><latexit sha1_base64="Xoxvx3q3UO+QgcymCLaJRoRjCV0="></latexit>

In the high energy the 
vacuum term is negligible, 

while:

✏µ⌧ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
<latexit sha1_base64="Imeuoi2p3S5Cs8EuqOnNdvkZWXY="></latexit><latexit sha1_base64="Imeuoi2p3S5Cs8EuqOnNdvkZWXY="></latexit><latexit sha1_base64="Imeuoi2p3S5Cs8EuqOnNdvkZWXY="></latexit>
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✔ Flavor off-diagonal NSI (Universal NSI)

 For cos θz = -1 �matt = 62✏µ⌧
<latexit sha1_base64="Xpl1IG0Bl2Hx7IR/CP276ZrfNJc=">AAACDnicbVA9SwNBEN3zM8avqKXNYlCswl0QPwohaGMZwTOBXAh7m71kye7dsjsnhCP/wMa/YmOhYmtt579xk1yhiQ8GHu/NMDMvVIIbcN1vZ2FxaXlltbBWXN/Y3Nou7ezemyTVlPk0EYluhsQwwWPmAwfBmkozIkPBGuHgeuw3Hpg2PInvYKhYW5JezCNOCVipUzoKVJ93skBLLAnACF/i02rAlOHC2lkg0wBIOuqUym7FnQDPEy8nZZSj3il9Bd2EppLFQAUxpuW5CtoZ0cCpYKNikBqmCB2QHmtZGhPJTDub/DPCh1bp4ijRtmLAE/X3REakMUMZ2k57dN/MemPxP6+VQnTeznisUmAxnS6KUoEhweNwcJdrRkEMLSFUc3srpn2iCQUbYdGG4M2+PE/8auWi4t6elGtXeRoFtI8O0DHy0BmqoRtURz6i6BE9o1f05jw5L8678zFtXXDymT30B87nD13inHU=</latexit><latexit sha1_base64="Xpl1IG0Bl2Hx7IR/CP276ZrfNJc=">AAACDnicbVA9SwNBEN3zM8avqKXNYlCswl0QPwohaGMZwTOBXAh7m71kye7dsjsnhCP/wMa/YmOhYmtt579xk1yhiQ8GHu/NMDMvVIIbcN1vZ2FxaXlltbBWXN/Y3Nou7ezemyTVlPk0EYluhsQwwWPmAwfBmkozIkPBGuHgeuw3Hpg2PInvYKhYW5JezCNOCVipUzoKVJ93skBLLAnACF/i02rAlOHC2lkg0wBIOuqUym7FnQDPEy8nZZSj3il9Bd2EppLFQAUxpuW5CtoZ0cCpYKNikBqmCB2QHmtZGhPJTDub/DPCh1bp4ijRtmLAE/X3REakMUMZ2k57dN/MemPxP6+VQnTeznisUmAxnS6KUoEhweNwcJdrRkEMLSFUc3srpn2iCQUbYdGG4M2+PE/8auWi4t6elGtXeRoFtI8O0DHy0BmqoRtURz6i6BE9o1f05jw5L8678zFtXXDymT30B87nD13inHU=</latexit><latexit sha1_base64="Xpl1IG0Bl2Hx7IR/CP276ZrfNJc=">AAACDnicbVA9SwNBEN3zM8avqKXNYlCswl0QPwohaGMZwTOBXAh7m71kye7dsjsnhCP/wMa/YmOhYmtt579xk1yhiQ8GHu/NMDMvVIIbcN1vZ2FxaXlltbBWXN/Y3Nou7ezemyTVlPk0EYluhsQwwWPmAwfBmkozIkPBGuHgeuw3Hpg2PInvYKhYW5JezCNOCVipUzoKVJ93skBLLAnACF/i02rAlOHC2lkg0wBIOuqUym7FnQDPEy8nZZSj3il9Bd2EppLFQAUxpuW5CtoZ0cCpYKNikBqmCB2QHmtZGhPJTDub/DPCh1bp4ijRtmLAE/X3REakMUMZ2k57dN/MemPxP6+VQnTeznisUmAxnS6KUoEhweNwcJdrRkEMLSFUc3srpn2iCQUbYdGG4M2+PE/8auWi4t6elGtXeRoFtI8O0DHy0BmqoRtURz6i6BE9o1f05jw5L8678zFtXXDymT30B87nD13inHU=</latexit>
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minimum of muon 
survival prob. ✏µ⌧ = 2.5⇥ 10�2
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cos θz = -1

For ✏µ⌧ & 2.5⇥ 10�2
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the minimum of probability occurs at cos θz > -1

✔ In asymptotic, i.e. high energies or very small ɛµτ, we have: P = 𝜙2matt.

✏µ⌧ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
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✔ Flavor off-diagonal NSI (Universal NSI)
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Equivalent to negative ɛµτ 

✔ For Ev < 100 GeV, the NSI leads to shift of the oscillatory pattern to lower (neutrino) and 
higher (anti-neutrino) energies for ɛµτ > 0 .

✔ A small change in the depth of minimum, due to the change in mixing angle.

✔ In the resonance, ER ~ 60 GeV, the mixing is zero, sin Θm = 0 —> no osc. for anti-neutrino.

✔ With the increase of energy, both nu and anti-nu oscillation probabilities converge to the 
same asymptotic value, P = 𝜙2matt.

✏µ⌧ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
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✔ Flavor off-diagonal NSI (Universal NSI)

P (⌫µ ! ⌫µ)

✏µ⌧ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
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✔ Flavor off-diagonal NSI (Universal NSI) ✏ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
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Equivalent to anti-nu 
P (⌫µ ! ⌫µ)

resonance

 matter dominated
oscillation

(sin2 2⇥m = 0)
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✔ Flavor off-diagonal NSI (Universal NSI)

P (⌫µ ! ⌫µ)

P STD(⌫µ ! ⌫µ)� P (⌫µ ! ⌫µ; {✏µ⌧ , ✏0 = 0})

the difference change sign

Equivalent 
to anti-nu 

Ev,min = 38 GeV

Ev,min = 18 GeV
depth decreases

(nu+anti-nu) decreases the 
sensitivity

Energy integration decreases 
the sensitivity

✏µ⌧ 6= 0 , ✏0 = ✏⌧⌧ � ✏µµ = 0
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✔ Flavor conserving NSI (non-Universal NSI)

In this case sin 2ξ = 0, and the mixing and mass-splitting formulas can be obtained from the 
usual MSW formulas with the potential VNSI = Vd ɛ’.

Where

resonance condition 
R0 = -cos 2θ23

✏µ⌧ = 0 , ✏0 = ✏⌧⌧ � ✏µµ 6= 0
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2
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(R0 + cos 2✓23)2 + sin

2
2✓23
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�m2
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2
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⇤1/2
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and

R0 = 0.5
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ER = 2 GeV
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For small ɛ’ = 5x10-2, ER ~ 10 GeV for mantle crossing trajectories. However, the resonance 

enhancement of oscillation is very weak because the mixing angle is already large. The main 
effect of NSI is the suppression of oscillation at Ev > ER .
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✔ Flavor conserving NSI (non-Universal NSI)

For the core-crossing neutrinos (cos θz = -1), approximately:

✏µ⌧ = 0 , ✏0 = ✏⌧⌧ � ✏µµ 6= 0
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 small in high
energies

approximating the sensitivity to ɛ’ : the effect is linear in ɛ’ with a coefficient given by:

� ⌘ 2 cos 2✓23R0 =

2✏0 cos 2✓232E⌫Vd

�m2
31
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 For maximal 2-3 mixing the linear term is
 zero and the effect is very small (ɛ’2)
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✔ Flavor conserving NSI (non-Universal NSI)

In the linear approximation of 𝜹, 

✏µ⌧ = 0 , ✏0 = ✏⌧⌧ � ✏µµ 6= 0
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sensitivity

10% accuracy of P and Ev = 30 GeV -> ɛ’ ~ 2x10-2
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✔ Flavor conserving NSI (non-Universal NSI) ✏µ⌧ = 0 , ✏0 = ✏⌧⌧ � ✏µµ 6= 0
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P (⌫µ ! ⌫µ) P STD(⌫µ ! ⌫µ)� P (⌫µ ! ⌫µ; {✏µ⌧ , ✏0 = 0})

The important energy range (20 — 40) GeV

Stronger  effect for positive ɛ’
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✔ SuperKamiokande, µ-τ sector

✔ 1 GeV < Ev < 30 GeV (lower and higher also 
included)

SK collaboration, 2011
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✔ IC-79 dataset + DeepCore data, µ-τ sector

✔ (100 GeV - 10 TeV) + (20 GeV - 100 GeV)

A.E., Alexei Smirnov, 2013✔ Considering both ve -> vµ and vµ -> vµ

!

"#

$0.01 0 0.01
$0.1

0

0.1

ΕΜΤ

Ε(

SK , 90) C.L.
IC$40 , 90) C.L.
IC$79 , 90) C.L.

! b.f. , SK
" b.f. , IC$40
# b.f. , IC$79

Marginalized 1-D limits (90% C.L.):

�6.1⇥ 10�3 < ✏µ⌧ < 5.6⇥ 10�3

�3.6⇥ 10�2 < ✏0 < 3.1⇥ 10�2

see also Salvado et al., 2016 
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✔ IC-79 dataset + DeepCore data, µ-τ sector

A.E., Alexei Smirnov, 2013
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✔ IceCube collaboration results (1 NSI parameter analysis, ɛµτ):

Three years DeepCore data IceCube collaboration, 2017
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✔ IceCube collaboration results (1 NSI parameter analysis, ɛµτ):

Three years DeepCore data IceCube collaboration, 2017

90% CL, A.E., A. Yu. Smirnov
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✔ 3 years of DeepCore data (future reach)

!
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A.E., Alexei Smirnov, 2013
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✔ Disentangling between NSI and eV-scale sterile neutrino

A.E., Alexei Smirnov, 2013
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In the energy bin containing the minimum 
of vµ survival probability, the NSI shifts 
the minimum.

In the energy bin containing the MSW 
resonance vµ -> vs, there is a strong 
suppression of signal compared to the NSI 
effect.
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✔ Future sensitivity (PINGU, 3 years)

S. Choubey, T. Ohlsson, 2014
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✔ Opening up the e-tau sector: A. Friedland, C. Lunardini, 2004

A. Friedland, C. Lunardini, M. Maltoni, 2005

✏⌧⌧ =
|✏e⌧ |2

1 + ✏ee
<latexit sha1_base64="omWxPBMElEUSmQ1wPN4u3P3k/RY="></latexit><latexit sha1_base64="omWxPBMElEUSmQ1wPN4u3P3k/RY="></latexit><latexit sha1_base64="omWxPBMElEUSmQ1wPN4u3P3k/RY="></latexit>
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✔ Opening up the e-tau sector:

A. Friedland, C. Lunardini, 2004

A. Friedland, C. Lunardini, M. Maltoni, 2005

✏⌧⌧ =
|✏e⌧ |2

1 + ✏ee
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✔ Opening up the e-tau sector:

6 GeV - 80 TeV
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✔ More general analysis:
I. Esteban, M. C. Gonzalez-Garcia, M. Maltoni, I. Martinez-Soler, J. Salvado; arXiv:1805.04530



Thank you !
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N = T (2⇡)

Z
A⌫

e↵(E⌫ , cos ✓z)�⌫(E⌫ , cos ✓z) dE⌫ d cos ✓z + (⌫ ! ⌫̄)

�

Constraining sterile neutrino with IC-40 data
(atm flux (Honda+Volkova

10
2

10
3

10
4

10
5

10
!4

10
!3

10
!2

10
!1

1

10

10
2

EΝ !GeV"

A
e
ffΝ
!m

2
"

IceCube!40 ΝΜ effective area

!0.5 $ cosΘz & !0.4

!0.4 $ cosΘz & !0.3

!0.3 $ cosΘz & !0.2

!0.2 $ cosΘz & !0.1

!0.1 $ cosΘz & 0

10
2

10
3

10
4

10
5

10
!4

10
!3

10
!2

10
!1

1

10

10
2

EΝ !GeV"

A
e
ffΝ
!m

2
"

IceCube!40 ΝΜ effective area

!0.5 $ cosΘz & !0.4

!0.4 $ cosΘz & !0.3

!0.3 $ cosΘz & !0.2

!0.2 $ cosΘz & !0.1

!0.1 $ cosΘz & 0

10
2

10
3

10
4

10
5

10
!4

10
!3

10
!2

10
!1

1

10

10
2

EΝ !GeV"

A
e
ffΝ
!m

2
"

IceCube!40 ΝΜ effective area

!1 $ cosΘz & !0.9

!0.9 $ cosΘz & !0.8

!0.8 $ cosΘz & !0.7

!0.7 $ cosΘz & !0.6

!0.6 $ cosΘz & !0.5

10
2

10
3

10
4

10
5

10
!4

10
!3

10
!2

10
!1

1

10

10
2

EΝ !GeV"

A
e
ffΝ
!m

2
"

IceCube!40 ΝΜ effective area

!1 $ cosΘz & !0.9

!0.9 $ cosΘz & !0.8

!0.8 $ cosΘz & !0.7

!0.7 $ cosΘz & !0.6

!0.6 $ cosΘz & !0.5

 A. E., F. Halzen and O. L. G. Peres,
JCAP 1211 (2012) 041
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 IceCube sensitivity to sterile neutrinos
(muon-track events)

✔ We analyzed the zenith distribution of muon-track events
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