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Lepton Flavor Universality Violation



Lepton Flavour Universality (Violation)
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1.7 ￼σ
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P⌧ (D
⇤)SM = �0.499± 0.003

RJ/ SM
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L = 0.60± 0.08± 0.04
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�0.16
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And now, what?
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What is the next (TeV scale) 

renormalizable completion 


of the Standard Model?



UV candidates at the TeV scale?
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Ũ1 (3, 1, 5/3)

U1 (3, 1, 2/3)
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Quark-Lepton Unification 

at the Low Scale
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<latexit sha1_base64="1/TdywxHCymTf2GojyiMokkiAtc=">AAACSnicbZDPSsNAEMY3tWqt/6oevQSL4KkkIuqx6MVDhRZsKzQlbLbTdulmE3Yn0hL6VL6GL9Crgg/gTby4/QPW6gcLH7+Z2Rm+IBZco+NMrMxadn1jM7eV397Z3dsvHBw2dJQoBnUWiUg9BlSD4BLqyFHAY6yAhoGAZjC4ndabT6A0j+QDjmJoh7QneZczigb5hXsPYYizf1IFnXFa8ytjz8svYTai8j+OQMUPByH8il8oOiVnJvuvcRemSBaq+oV3rxOxJASJTFCtW64TYzulCjkTMM57iYaYsgHtQctYSUPQ7XS2f2yfGtKxu5EyT6I9o8sTKQ21HoWB6Qwp9vVqbQr/q7US7F63Uy7jBEGy+aJuImyM7GmGdocrYChGxlCmuLnVZn2qKEOT9K8tw/mpeROMuxrDX9M4L7mXJad2USzfLCLKkWNyQs6IS65ImdyRKqkTRp7JhLySN+vF+rA+ra95a8ZazByRX8pkvwFLF7XT</latexit>

QL

QL

QL

`L

<latexit sha1_base64="8o8fDjxd+iI6dfdEd74OQlvmI00=">AAACR3icbZDLSsNAFIYn9VbrrerSTbAIrkoioi5FN+KqFnuBpoTJ5NQOnUzCzIlYQt/J1/AFBFe6cutOXDq9ILXtDwM/3zlnzuEPEsE1Os6blVtaXlldy68XNja3tneKu3t1HaeKQY3FIlbNgGoQXEINOQpoJgpoFAhoBL3rYb3xCErzWN5jP4F2RB8k73BG0SC/eOshPOHon0xBOMhCvzrwvMIUZn0qF3EEKv44+FW/WHLKzkj2vHEnpkQmqvjFTy+MWRqBRCao1i3XSbCdUYWcCRgUvFRDQlmPPkDLWEkj0O1stHxgHxkS2p1YmSfRHtHpiYxGWvejwHRGFLt6tjaEi2qtFDsX7YzLJEWQbLyokwobY3sYoB1yBQxF3xjKFDe32qxLFWVoYv635Wl8asEE487GMG/qJ2X3rOzcnZYuryYR5ckBOSTHxCXn5JLckAqpEUaeySt5Jx/Wi/VlfVs/49acNZnZJ/+Us34BIAO00g==</latexit>

dR

dR

dR

eR

<latexit sha1_base64="cJkfsaTTI+WOlSQLH6m2KelDJC0=">AAACSXicbZDJSgNBEIZ7EpcYt6hHL4NB8BRmRNRj0IsHD1HMApkQejqVpElPz9BdIwlDXsrX8AX0qAfv3sSTnQXM9kPDz1dVXcXvR4JrdJx3K5VeW9/YzGxlt3d29/ZzB4cVHcaKQZmFIlQ1n2oQXEIZOQqoRQpo4Auo+r3bUb36DErzUD7hIIJGQDuStzmjaFAzd+8h9HH8T6KgNUzi5uPQ87IzmA2oXMURqPjn0phmLu8UnLHsZeNOTZ5MVWrmvrxWyOIAJDJBta67ToSNhCrkTMAw68UaIsp6tAN1YyUNQDeS8fqhfWpIy26HyjyJ9pjOTiQ00HoQ+KYzoNjVi7URXFWrx9i+biRcRjGCZJNF7VjYGNqjCO0WV8BQDIyhTHFzq826VFGGJui5Lf3JqVkTjLsYw7KpnBfcy4LzcJEv3kwjypBjckLOiEuuSJHckRIpE0ZeyBv5IJ/Wq/Vt/Vi/k9aUNZ05InNKpf8AW0K18w==</latexit>uR

uR

uR

⌫R

<latexit sha1_base64="MYSLRmjnV/8LYXowq6M4P0uNDjQ="></latexit>

SU(3)C ⌦ SU(2)L ⌦U(1)Y

Quark-Lepton Unification
[Pati-Salam, 1974] 



An (almost) SM matter family

<latexit sha1_base64="1/TdywxHCymTf2GojyiMokkiAtc=">AAACSnicbZDPSsNAEMY3tWqt/6oevQSL4KkkIuqx6MVDhRZsKzQlbLbTdulmE3Yn0hL6VL6GL9Crgg/gTby4/QPW6gcLH7+Z2Rm+IBZco+NMrMxadn1jM7eV397Z3dsvHBw2dJQoBnUWiUg9BlSD4BLqyFHAY6yAhoGAZjC4ndabT6A0j+QDjmJoh7QneZczigb5hXsPYYizf1IFnXFa8ytjz8svYTai8j+OQMUPByH8il8oOiVnJvuvcRemSBaq+oV3rxOxJASJTFCtW64TYzulCjkTMM57iYaYsgHtQctYSUPQ7XS2f2yfGtKxu5EyT6I9o8sTKQ21HoWB6Qwp9vVqbQr/q7US7F63Uy7jBEGy+aJuImyM7GmGdocrYChGxlCmuLnVZn2qKEOT9K8tw/mpeROMuxrDX9M4L7mXJad2USzfLCLKkWNyQs6IS65ImdyRKqkTRp7JhLySN+vF+rA+ra95a8ZazByRX8pkvwFLF7XT</latexit>

QL

QL

QL

`L

<latexit sha1_base64="8o8fDjxd+iI6dfdEd74OQlvmI00=">AAACR3icbZDLSsNAFIYn9VbrrerSTbAIrkoioi5FN+KqFnuBpoTJ5NQOnUzCzIlYQt/J1/AFBFe6cutOXDq9ILXtDwM/3zlnzuEPEsE1Os6blVtaXlldy68XNja3tneKu3t1HaeKQY3FIlbNgGoQXEINOQpoJgpoFAhoBL3rYb3xCErzWN5jP4F2RB8k73BG0SC/eOshPOHon0xBOMhCvzrwvMIUZn0qF3EEKv44+FW/WHLKzkj2vHEnpkQmqvjFTy+MWRqBRCao1i3XSbCdUYWcCRgUvFRDQlmPPkDLWEkj0O1stHxgHxkS2p1YmSfRHtHpiYxGWvejwHRGFLt6tjaEi2qtFDsX7YzLJEWQbLyokwobY3sYoB1yBQxF3xjKFDe32qxLFWVoYv635Wl8asEE487GMG/qJ2X3rOzcnZYuryYR5ckBOSTHxCXn5JLckAqpEUaeySt5Jx/Wi/VlfVs/49acNZnZJ/+Us34BIAO00g==</latexit>

dR

dR

dR

eR

<latexit sha1_base64="cJkfsaTTI+WOlSQLH6m2KelDJC0=">AAACSXicbZDJSgNBEIZ7EpcYt6hHL4NB8BRmRNRj0IsHD1HMApkQejqVpElPz9BdIwlDXsrX8AX0qAfv3sSTnQXM9kPDz1dVXcXvR4JrdJx3K5VeW9/YzGxlt3d29/ZzB4cVHcaKQZmFIlQ1n2oQXEIZOQqoRQpo4Auo+r3bUb36DErzUD7hIIJGQDuStzmjaFAzd+8h9HH8T6KgNUzi5uPQ87IzmA2oXMURqPjn0phmLu8UnLHsZeNOTZ5MVWrmvrxWyOIAJDJBta67ToSNhCrkTMAw68UaIsp6tAN1YyUNQDeS8fqhfWpIy26HyjyJ9pjOTiQ00HoQ+KYzoNjVi7URXFWrx9i+biRcRjGCZJNF7VjYGNqjCO0WV8BQDIyhTHFzq826VFGGJui5Lf3JqVkTjLsYw7KpnBfcy4LzcJEv3kwjypBjckLOiEuuSJHckRIpE0ZeyBv5IJ/Wq/Vt/Vi/k9aUNZ05InNKpf8AW0K18w==</latexit>uR

uR

uR

⌫R

[P. Fileviez Perez and M. B. Wise 2013][J. Pati a and A. Salam 1974]

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R

Quark-Lepton Unification
[Pati-Salam, 1974] 

Leptons are just the fourth color of the quarks!



FQL ⇠ (4, 2, 0) =

✓
u ⌫
d e

◆

L Fd =
�
dc ec

�
L
⇠ (4̄, 1, 1/2)

Fu =
�
uc ⌫c

�
L
⇠ (4̄, 1,�1/2)

Left-handed fermions Right-handed fermions

<latexit sha1_base64="1/TdywxHCymTf2GojyiMokkiAtc=">AAACSnicbZDPSsNAEMY3tWqt/6oevQSL4KkkIuqx6MVDhRZsKzQlbLbTdulmE3Yn0hL6VL6GL9Crgg/gTby4/QPW6gcLH7+Z2Rm+IBZco+NMrMxadn1jM7eV397Z3dsvHBw2dJQoBnUWiUg9BlSD4BLqyFHAY6yAhoGAZjC4ndabT6A0j+QDjmJoh7QneZczigb5hXsPYYizf1IFnXFa8ytjz8svYTai8j+OQMUPByH8il8oOiVnJvuvcRemSBaq+oV3rxOxJASJTFCtW64TYzulCjkTMM57iYaYsgHtQctYSUPQ7XS2f2yfGtKxu5EyT6I9o8sTKQ21HoWB6Qwp9vVqbQr/q7US7F63Uy7jBEGy+aJuImyM7GmGdocrYChGxlCmuLnVZn2qKEOT9K8tw/mpeROMuxrDX9M4L7mXJad2USzfLCLKkWNyQs6IS65ImdyRKqkTRp7JhLySN+vF+rA+ra95a8ZazByRX8pkvwFLF7XT</latexit>

QL

QL

QL

`L

<latexit sha1_base64="8o8fDjxd+iI6dfdEd74OQlvmI00=">AAACR3icbZDLSsNAFIYn9VbrrerSTbAIrkoioi5FN+KqFnuBpoTJ5NQOnUzCzIlYQt/J1/AFBFe6cutOXDq9ILXtDwM/3zlnzuEPEsE1Os6blVtaXlldy68XNja3tneKu3t1HaeKQY3FIlbNgGoQXEINOQpoJgpoFAhoBL3rYb3xCErzWN5jP4F2RB8k73BG0SC/eOshPOHon0xBOMhCvzrwvMIUZn0qF3EEKv44+FW/WHLKzkj2vHEnpkQmqvjFTy+MWRqBRCao1i3XSbCdUYWcCRgUvFRDQlmPPkDLWEkj0O1stHxgHxkS2p1YmSfRHtHpiYxGWvejwHRGFLt6tjaEi2qtFDsX7YzLJEWQbLyokwobY3sYoB1yBQxF3xjKFDe32qxLFWVoYv635Wl8asEE487GMG/qJ2X3rOzcnZYuryYR5ckBOSTHxCXn5JLckAqpEUaeySt5Jx/Wi/VlfVs/49acNZnZJ/+Us34BIAO00g==</latexit>

dR

dR

dR

eR

<latexit sha1_base64="cJkfsaTTI+WOlSQLH6m2KelDJC0=">AAACSXicbZDJSgNBEIZ7EpcYt6hHL4NB8BRmRNRj0IsHD1HMApkQejqVpElPz9BdIwlDXsrX8AX0qAfv3sSTnQXM9kPDz1dVXcXvR4JrdJx3K5VeW9/YzGxlt3d29/ZzB4cVHcaKQZmFIlQ1n2oQXEIZOQqoRQpo4Auo+r3bUb36DErzUD7hIIJGQDuStzmjaFAzd+8h9HH8T6KgNUzi5uPQ87IzmA2oXMURqPjn0phmLu8UnLHsZeNOTZ5MVWrmvrxWyOIAJDJBta67ToSNhCrkTMAw68UaIsp6tAN1YyUNQDeS8fqhfWpIy26HyjyJ9pjOTiQ00HoQ+KYzoNjVi7URXFWrx9i+biRcRjGCZJNF7VjYGNqjCO0WV8BQDIyhTHFzq826VFGGJui5Lf3JqVkTjLsYw7KpnBfcy4LzcJEv3kwjypBjckLOiEuuSJHckRIpE0ZeyBv5IJ/Wq/Vt/Vi/k9aUNZ05InNKpf8AW0K18w==</latexit>uR

uR

uR

⌫R

[P. Fileviez Perez and M. B. Wise 2013][J. Pati a and A. Salam 1974]

<latexit sha1_base64="A+OhWQbrOZu+sVHyEs2DIfFtE1Q=">AAACAXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVkUxIWLFuwD2qFk0kwbm2SGJCOWoSt/wK3+gTtx65f4A36HaTsL23ogcDjnXu7JCWLOtHHdb2dpeWV1bT23kd/c2t7ZLezt13WUKEJrJOKRagZYU84krRlmOG3GimIRcNoIBtdjv/FIlWaRvDfDmPoC9yQLGcHGSvWbTlq9G3UKRbfkToAWiZeRImSodAo/7W5EEkGlIRxr3fLc2PgpVoYRTkf5dqJpjMkA92jLUokF1X46STtCx1bpojBS9kmDJurfjRQLrYcisJMCm76e98bif14rMeGlnzIZJ4ZKMj0UJhyZCI2/jrpMUWL40BJMFLNZEeljhYmxBc1ceZpGzdtivPkaFkn9tOSdl9zqWbF8lVWUg0M4ghPw4ALKcAsVqAGBB3iBV3hznp1358P5nI4uOdnOAczA+foFmcOXew==</latexit>

FQL
<latexit sha1_base64="1g9pBshPFub3IlnaP/8iIgdv62I=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVkUxGVF+4B2KJlMpg3NJEOSEctQ8Afc6h+4E7f+ij/gd5i2s7CtBwKHc+7lnpwg4Uwb1/12lpZXVtfWCxvFza3tnd3S3n5Dy1QRWieSS9UKsKacCVo3zHDaShTFccBpMxhcj/3mI1WaSfFghgn1Y9wTLGIEGyvd33TDbqnsVtwJ0CLxclKGHLVu6acTSpLGVBjCsdZtz02Mn2FlGOF0VOykmiaYDHCPti0VOKbazyZRR+jYKiGKpLJPGDRR/25kONZ6GAd2Msamr+e9sfif105NdOlnTCSpoYJMD0UpR0ai8b9RyBQlhg8twUQxmxWRPlaYGNvOzJWnadSiLcabr2GRNE4r3nnFvTsrV6/yigpwCEdwAh5cQBVuoQZ1INCDF3iFN+fZeXc+nM/p6JKT7xzADJyvX0BFliw=</latexit>

Fd
<latexit sha1_base64="q1gg0E9sZrnIXFaL4/BrSRR88NU=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVkUxGVF+4B2KJk004ZmMkNyRyyl4A+41T9wJ279FX/A7zBtZ2FbDwQO59zLPTlBIoVB1/12lpZXVtfWcxv5za3tnd3C3n7NxKlmvMpiGetGQA2XQvEqCpS8kWhOo0DyetC/Hvv1R66NiNUDDhLuR7SrRCgYRSvd37TTdqHoltwJyCLxMlKEDJV24afViVkacYVMUmOanpugP6QaBZN8lG+lhieU9WmXNy1VNOLGH06ijsixVTokjLV9CslE/bsxpJExgyiwkxHFnpn3xuJ/XjPF8NIfCpWkyBWbHgpTSTAm43+TjtCcoRxYQpkWNithPaopQ9vOzJWnadS8Lcabr2GR1E5L3nnJvTsrlq+yinJwCEdwAh5cQBluoQJVYNCFF3iFN+fZeXc+nM/p6JKT7RzADJyvX1tdlj0=</latexit>

Fu

<latexit sha1_base64="vZx9SiYVJKbiF5P2i/DIdINpyX8=">AAACAXicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6pLoxiUm8kigIdPhFkam0zozJZKGlT/gVv/AnXHrl/gDfocDdCHgSSY5Oefe3DPHjzlT2nG+rdzK6tr6Rn6zsLW9s7tX3D+oqyiRFGs04pFs+kQhZwJrmmmOzVgiCX2ODX9wM/EbQ5SKReJej2L0QtITLGCUaCPV2/iYsGGnWHLKzhT2MnEzUoIM1U7xp92NaBKi0JQTpVquE2svJVIzynFcaCcKY0IHpIctQwUJUXnpNO3YPjFK1w4iaZ7Q9lT9u5GSUKlR6JvJkOi+WvQm4n9eK9HBlZcyEScaBZ0dChJu68iefN3uMolU85EhhEpmstq0TySh2hQ0d+VpFrVginEXa1gm9bOye1F27s5LleusojwcwTGcgguXUIFbqEINKDzAC7zCm/VsvVsf1udsNGdlO4cwB+vrFxO/l8c=</latexit> ⌘ <latexit sha1_base64="vZx9SiYVJKbiF5P2i/DIdINpyX8=">AAACAXicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6pLoxiUm8kigIdPhFkam0zozJZKGlT/gVv/AnXHrl/gDfocDdCHgSSY5Oefe3DPHjzlT2nG+rdzK6tr6Rn6zsLW9s7tX3D+oqyiRFGs04pFs+kQhZwJrmmmOzVgiCX2ODX9wM/EbQ5SKReJej2L0QtITLGCUaCPV2/iYsGGnWHLKzhT2MnEzUoIM1U7xp92NaBKi0JQTpVquE2svJVIzynFcaCcKY0IHpIctQwUJUXnpNO3YPjFK1w4iaZ7Q9lT9u5GSUKlR6JvJkOi+WvQm4n9eK9HBlZcyEScaBZ0dChJu68iefN3uMolU85EhhEpmstq0TySh2hQ0d+VpFrVginEXa1gm9bOye1F27s5LleusojwcwTGcgguXUIFbqEINKDzAC7zCm/VsvVsf1udsNGdlO4cwB+vrFxO/l8c=</latexit> ⌘ <latexit sha1_base64="vZx9SiYVJKbiF5P2i/DIdINpyX8=">AAACAXicbVDLTsJAFL3FF+ILdemmkZi4Iq0x6pLoxiUm8kigIdPhFkam0zozJZKGlT/gVv/AnXHrl/gDfocDdCHgSSY5Oefe3DPHjzlT2nG+rdzK6tr6Rn6zsLW9s7tX3D+oqyiRFGs04pFs+kQhZwJrmmmOzVgiCX2ODX9wM/EbQ5SKReJej2L0QtITLGCUaCPV2/iYsGGnWHLKzhT2MnEzUoIM1U7xp92NaBKi0JQTpVquE2svJVIzynFcaCcKY0IHpIctQwUJUXnpNO3YPjFK1w4iaZ7Q9lT9u5GSUKlR6JvJkOi+WvQm4n9eK9HBlZcyEScaBZ0dChJu68iefN3uMolU85EhhEpmstq0TySh2hQ0d+VpFrVginEXa1gm9bOye1F27s5LleusojwcwTGcgguXUIFbqEINKDzAC7zCm/VsvVsf1udsNGdlO4cwB+vrFxO/l8c=</latexit> ⌘

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R

Quark-Lepton Unification
[Pati-Salam, 1974] 



SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q

Unification of Matter: Pati-Salam

<latexit sha1_base64="4ybpM7sWiuXIB8c8CzYhDbgzK5w="></latexit>

� = (�u,�u,�u, h�0
Ri)

<latexit sha1_base64="J0fySHJI5LotwVgdXxwUmBELQbA="></latexit>

V µ
15 ⇠ (15, 1, 0) ⇠

✓
Gµ Uµ

1

† 0

◆
+ T4B

0µ

<latexit sha1_base64="t0usujrzscKxqUEjeQQqMCekZpU=">AAACCXicbVBLTgJBFOzBH+IPdemmIzHBDZkxRF0S2bjE6AAJjKSnaaBDT8+k+42BTDiBF3CrN3Bn3HoKL+A5bGAWAlbykkrVe3mV8iPBNdj2t5VZW9/Y3Mpu53Z29/YP8odHdR3GijKXhiJUTZ9oJrhkLnAQrBkpRgJfsIY/rE79xhNTmofyAcYR8wLSl7zHKQEjPbaBjSC5dyfF8nmn2skX7JI9A14lTkoKKEWtk/9pd0MaB0wCFUTrlmNH4CVEAaeCTXLtWLOI0CHps5ahkgRMe8ks9QSfGaWLe6EyIwHP1L8XCQm0Hge+2QwIDPSyNxX/81ox9K69hMsoBibp/FEvFhhCPK0Ad7liFMTYEEIVN1kxHRBFKJiiFr6M5lFzphhnuYZVUr8oOZcl+65cqNykFWXRCTpFReSgK1RBt6iGXESRQi/oFb1Zz9a79WF9zlczVnpzjBZgff0CJiyaeQ==</latexit>

SU(4)C

<latexit sha1_base64="EvnkF4YGHqUV+pgNAi58O6Tllt0=">AAACHHicbVC7TgJBFJ31ifhatbRwIzHBhuyqUUsijSVGeSRAyOxwgQmzj8zcNZDNlv6GP2Crf2BnbE38Ab/DYaEQ8CSTnDnnvnLcUHCFtv1tLC2vrK6tZzaym1vbO7vm3n5VBZFkUGGBCGTdpQoE96GCHAXUQwnUcwXU3EFp7NceQSoe+A84CqHl0Z7Pu5xR1FLbPGoiDDGdE0voJHH6j+8rSf78tF1K2mbOLtgprEXiTEmOTFFumz/NTsAiD3xkgirVcOwQWzGVyJmAJNuMFISUDWgPGpr61APVitMDEutEKx2rG0j9fLRS9W9HTD2lRp6rKz2KfTXvjcX/vEaE3etWzP0wQvDZZFE3EhYG1jgVq8MlMBQjTSiTXN9qsT6VlKHObmbLcHJqVgfjzMewSKpnBeeyYN9d5Io304gy5JAckzxxyBUpkltSJhXCyBN5Ia/kzXg23o0P43NSumRMew7IDIyvX4scor4=</latexit>

SU(3)C

FQL ⇠ (4, 2, 0) =

✓
u ⌫
d e

◆

L Fd =
�
dc ec

�
L
⇠ (4̄, 1, 1/2)

Fu =
�
uc ⌫c

�
L
⇠ (4̄, 1,�1/2)

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R



SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q

LK � g4p
2
Uµ
1 (Q̄L�µ`L + ūR�µ⌫R + d̄R�µeR) + h.c.

<latexit sha1_base64="BhWI5hU6xpcH8wvGxyznjnVg/cs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFGPRS9ehArGFpoQNttNu3R3E3Y3hRJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5Ucqo0o7zbVVWVtfWN6qbta3tnd09e//gUSWZxMTDCUtkN0KKMCqIp6lmpJtKgnjESCca3Uz9zphIRRPxoCcpCTgaCBpTjLSRQvvoLsy90C2gryiHg7AJx6GPhzS0607DmQEuE7ckdVCiHdpffj/BGSdCY4aU6rlOqoMcSU0xI0XNzxRJER6hAekZKhAnKshnDxTw1Ch9GCfSlNBwpv6eyBFXasIj08mRHqpFbyr+5/UyHV8FORVpponA80VxxqBO4DQN2KeSYM0mhiAsqbkV4iGSCGuTWc2E4C6+vEwezxvuRcO5b9Zb12UcVXAMTsAZcMElaIFb0AYewKAAz+AVvFlP1ov1bn3MWytWOXMI/sD6/AEyspWD</latexit>

MU1 ⇠ g4v� ?

LK � g4p
2
Uµ
1 (Q̄L�µ`L + ūR�µ⌫R + d̄R�µeR) + h.c.

<latexit sha1_base64="BhWI5hU6xpcH8wvGxyznjnVg/cs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFGPRS9ehArGFpoQNttNu3R3E3Y3hRJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5Ucqo0o7zbVVWVtfWN6qbta3tnd09e//gUSWZxMTDCUtkN0KKMCqIp6lmpJtKgnjESCca3Uz9zphIRRPxoCcpCTgaCBpTjLSRQvvoLsy90C2gryiHg7AJx6GPhzS0607DmQEuE7ckdVCiHdpffj/BGSdCY4aU6rlOqoMcSU0xI0XNzxRJER6hAekZKhAnKshnDxTw1Ch9GCfSlNBwpv6eyBFXasIj08mRHqpFbyr+5/UyHV8FORVpponA80VxxqBO4DQN2KeSYM0mhiAsqbkV4iGSCGuTWc2E4C6+vEwezxvuRcO5b9Zb12UcVXAMTsAZcMElaIFb0AYewKAAz+AVvFlP1ov1bn3MWytWOXMI/sD6/AEyspWD</latexit>

MU1 ⇠ g4v� ?

Vector LQ ￼Uμ
1 ∼ (3,1,2/3)

<latexit sha1_base64="4ybpM7sWiuXIB8c8CzYhDbgzK5w="></latexit>

� = (�u,�u,�u, h�0
Ri)

<latexit sha1_base64="J0fySHJI5LotwVgdXxwUmBELQbA="></latexit>

V µ
15 ⇠ (15, 1, 0) ⇠

✓
Gµ Uµ

1

† 0

◆
+ T4B

0µ

<latexit sha1_base64="t0usujrzscKxqUEjeQQqMCekZpU=">AAACCXicbVBLTgJBFOzBH+IPdemmIzHBDZkxRF0S2bjE6AAJjKSnaaBDT8+k+42BTDiBF3CrN3Bn3HoKL+A5bGAWAlbykkrVe3mV8iPBNdj2t5VZW9/Y3Mpu53Z29/YP8odHdR3GijKXhiJUTZ9oJrhkLnAQrBkpRgJfsIY/rE79xhNTmofyAcYR8wLSl7zHKQEjPbaBjSC5dyfF8nmn2skX7JI9A14lTkoKKEWtk/9pd0MaB0wCFUTrlmNH4CVEAaeCTXLtWLOI0CHps5ahkgRMe8ks9QSfGaWLe6EyIwHP1L8XCQm0Hge+2QwIDPSyNxX/81ox9K69hMsoBibp/FEvFhhCPK0Ad7liFMTYEEIVN1kxHRBFKJiiFr6M5lFzphhnuYZVUr8oOZcl+65cqNykFWXRCTpFReSgK1RBt6iGXESRQi/oFb1Zz9a79WF9zlczVnpzjBZgff0CJiyaeQ==</latexit>

SU(4)C

FQL ⇠ (4, 2, 0) =

✓
u ⌫
d e

◆

L Fd =
�
dc ec

�
L
⇠ (4̄, 1, 1/2)

Fu =
�
uc ⌫c

�
L
⇠ (4̄, 1,�1/2)

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R



SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q

LK � g4p
2
Uµ
1 (Q̄L�µ`L + ūR�µ⌫R + d̄R�µeR) + h.c.

<latexit sha1_base64="BhWI5hU6xpcH8wvGxyznjnVg/cs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFGPRS9ehArGFpoQNttNu3R3E3Y3hRJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5Ucqo0o7zbVVWVtfWN6qbta3tnd09e//gUSWZxMTDCUtkN0KKMCqIp6lmpJtKgnjESCca3Uz9zphIRRPxoCcpCTgaCBpTjLSRQvvoLsy90C2gryiHg7AJx6GPhzS0607DmQEuE7ckdVCiHdpffj/BGSdCY4aU6rlOqoMcSU0xI0XNzxRJER6hAekZKhAnKshnDxTw1Ch9GCfSlNBwpv6eyBFXasIj08mRHqpFbyr+5/UyHV8FORVpponA80VxxqBO4DQN2KeSYM0mhiAsqbkV4iGSCGuTWc2E4C6+vEwezxvuRcO5b9Zb12UcVXAMTsAZcMElaIFb0AYewKAAz+AVvFlP1ov1bn3MWytWOXMI/sD6/AEyspWD</latexit>

MU1 ⇠ g4v�

<latexit sha1_base64="l1JMi1HsxsgJDe4YfydDsRh6aSw="></latexit>

Br(KL ! e±µ⌥)exp  4.7⇥ 10�12

<latexit sha1_base64="O6MUQZCAroriqjh/452H22MUYX0=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCpzCjoh6DXjxGyAbJGHo6NUmTnoXuGjEM8eKvePGgiFf/wpt/Y2c5aOKDgsd7VVTV8xMpNDrOt7WwuLS8sppby69vbG5t2zu7NR2nikOVxzJWDZ9pkCKCKgqU0EgUsNCXUPf71yO/fg9Kiziq4CABL2TdSASCMzRS295vddG4IXWdu1PaQnjAjFagNmzbBafojEHniTslBTJFuW1/tToxT0OIkEumddN1EvQyplBwCcN8K9WQMN5nXWgaGrEQtJeNPxjSI6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14zxeDSy0SUpAgRnywKUkkxpqM4aEco4CgHhjCuhLmV8h5TjKMJLW9CcGdfnie1k6J7XnRuzwqlq2kcOXJADskxcckFKZEbUiZVwskjeSav5M16sl6sd+tj0rpgTWf2yB9Ynz8igpYM</latexit>

& 103 TeV
<latexit sha1_base64="4ybpM7sWiuXIB8c8CzYhDbgzK5w="></latexit>

� = (�u,�u,�u, h�0
Ri)

Vector LQ ￼Uμ
1 ∼ (3,1,2/3)

<latexit sha1_base64="J0fySHJI5LotwVgdXxwUmBELQbA="></latexit>

V µ
15 ⇠ (15, 1, 0) ⇠

✓
Gµ Uµ

1

† 0

◆
+ T4B

0µ

<latexit sha1_base64="t0usujrzscKxqUEjeQQqMCekZpU=">AAACCXicbVBLTgJBFOzBH+IPdemmIzHBDZkxRF0S2bjE6AAJjKSnaaBDT8+k+42BTDiBF3CrN3Bn3HoKL+A5bGAWAlbykkrVe3mV8iPBNdj2t5VZW9/Y3Mpu53Z29/YP8odHdR3GijKXhiJUTZ9oJrhkLnAQrBkpRgJfsIY/rE79xhNTmofyAcYR8wLSl7zHKQEjPbaBjSC5dyfF8nmn2skX7JI9A14lTkoKKEWtk/9pd0MaB0wCFUTrlmNH4CVEAaeCTXLtWLOI0CHps5ahkgRMe8ks9QSfGaWLe6EyIwHP1L8XCQm0Hge+2QwIDPSyNxX/81ox9K69hMsoBibp/FEvFhhCPK0Ad7liFMTYEEIVN1kxHRBFKJiiFr6M5lFzphhnuYZVUr8oOZcl+65cqNykFWXRCTpFReSgK1RBt6iGXESRQi/oFb1Zz9a79WF9zlczVnpzjBZgff0CJiyaeQ==</latexit>

SU(4)C

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="i3ZC5Tr+ZDpP4XqIXUeMdY7Z9HU=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIglASEXVZdOOygn1AU8tketMOnTyYuZGWkN/wB9zqH7gTt+79Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY2gHthdznjKKWOuahizDE/J8UgYosdYPk8SzrmCW7bOewFokzJSUyRbVj/rjdiCUBhMgEVarl2DG2UyqRMwFZ0U0UxJQNaA9amoY0ANVO8+DMOtFK1/IjqV+IVq7+3UhpoNQo8PRkQLGv5r2x+J/XStC/bqc8jBOEkE2C/ERYGFnjNqwul8BQjDShTHJ9q8X6VFKGurOZlOHk1KIuxpmvYZHUz8vOZdm+vyhVbqYVFcgROSanxCFXpELuSJXUCCMZeSGv5M14Nt6ND+NzMrpkTHcOyAyMr1+4H5+5</latexit>

µ+

<latexit sha1_base64="OLSPVtvA9TyTuC6k8UUbaUq90qw=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwY0lE1GXRjcsK9gFtLJPpTTt08mDmRlpC/sIfcKt/4E7c+gP+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEMbkB7Ifc5o6iljnnYRhhi/k+KQEWWwuNZ1jFLdtnOYS0SZ0pKZIpqx/xpdyOWBBAiE1SplmPH6KZUImcCsmI7URBTNqA9aGka0gCUm+axmXWila7lR1K/EK1c/buR0kCpUeDpyYBiX817Y/E/r5Wgf+2mPIwThJBNgvxEWBhZ4y6sLpfAUIw0oUxyfavF+lRShrqxmZTh5NSiLsaZr2GR1M/LzmXZvr8oVW6mFRXIETkmp8QhV6RC7kiV1AgjKXkhr+TNeDbejQ/jczK6ZEx3DsgMjK9fBIiezg==</latexit>

e�



SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q

<latexit sha1_base64="BhWI5hU6xpcH8wvGxyznjnVg/cs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFGPRS9ehArGFpoQNttNu3R3E3Y3hRJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5Ucqo0o7zbVVWVtfWN6qbta3tnd09e//gUSWZxMTDCUtkN0KKMCqIp6lmpJtKgnjESCca3Uz9zphIRRPxoCcpCTgaCBpTjLSRQvvoLsy90C2gryiHg7AJx6GPhzS0607DmQEuE7ckdVCiHdpffj/BGSdCY4aU6rlOqoMcSU0xI0XNzxRJER6hAekZKhAnKshnDxTw1Ch9GCfSlNBwpv6eyBFXasIj08mRHqpFbyr+5/UyHV8FORVpponA80VxxqBO4DQN2KeSYM0mhiAsqbkV4iGSCGuTWc2E4C6+vEwezxvuRcO5b9Zb12UcVXAMTsAZcMElaIFb0AYewKAAz+AVvFlP1ov1bn3MWytWOXMI/sD6/AEyspWD</latexit>

MU1 ⇠ g4v�

<latexit sha1_base64="onFg84mwrlam6O6r/SGdzkAMZsw="></latexit>

LK � g4p
2
Uµ
1

⇣
· · ·+ d̄RU

†
R�µEReR

⌘
+ h.c.

<latexit sha1_base64="O6MUQZCAroriqjh/452H22MUYX0=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCpzCjoh6DXjxGyAbJGHo6NUmTnoXuGjEM8eKvePGgiFf/wpt/Y2c5aOKDgsd7VVTV8xMpNDrOt7WwuLS8sppby69vbG5t2zu7NR2nikOVxzJWDZ9pkCKCKgqU0EgUsNCXUPf71yO/fg9Kiziq4CABL2TdSASCMzRS295vddG4IXWdu1PaQnjAjFagNmzbBafojEHniTslBTJFuW1/tToxT0OIkEumddN1EvQyplBwCcN8K9WQMN5nXWgaGrEQtJeNPxjSI6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14zxeDSy0SUpAgRnywKUkkxpqM4aEco4CgHhjCuhLmV8h5TjKMJLW9CcGdfnie1k6J7XnRuzwqlq2kcOXJADskxcckFKZEbUiZVwskjeSav5M16sl6sd+tj0rpgTWf2yB9Ynz8igpYM</latexit>

& 103 TeV

LK � g4p
2
Uµ
1 (Q̄L�µ`L + ūR�µ⌫R + d̄R�µeR) + h.c.

<latexit sha1_base64="3iVqPx0ywRuemz5YqeWzyqVlLLM="></latexit>⇣
· · · +

Naive bound!
<latexit sha1_base64="4ybpM7sWiuXIB8c8CzYhDbgzK5w="></latexit>

� = (�u,�u,�u, h�0
Ri)

Vector LQ ￼Uμ
1 ∼ (3,1,2/3)

<latexit sha1_base64="J0fySHJI5LotwVgdXxwUmBELQbA="></latexit>

V µ
15 ⇠ (15, 1, 0) ⇠

✓
Gµ Uµ

1

† 0

◆
+ T4B

0µ

<latexit sha1_base64="t0usujrzscKxqUEjeQQqMCekZpU=">AAACCXicbVBLTgJBFOzBH+IPdemmIzHBDZkxRF0S2bjE6AAJjKSnaaBDT8+k+42BTDiBF3CrN3Bn3HoKL+A5bGAWAlbykkrVe3mV8iPBNdj2t5VZW9/Y3Mpu53Z29/YP8odHdR3GijKXhiJUTZ9oJrhkLnAQrBkpRgJfsIY/rE79xhNTmofyAcYR8wLSl7zHKQEjPbaBjSC5dyfF8nmn2skX7JI9A14lTkoKKEWtk/9pd0MaB0wCFUTrlmNH4CVEAaeCTXLtWLOI0CHps5ahkgRMe8ks9QSfGaWLe6EyIwHP1L8XCQm0Hge+2QwIDPSyNxX/81ox9K69hMsoBibp/FEvFhhCPK0Ad7liFMTYEEIVN1kxHRBFKJiiFr6M5lFzphhnuYZVUr8oOZcl+65cqNykFWXRCTpFReSgK1RBt6iGXESRQi/oFb1Zz9a79WF9zlczVnpzjBZgff0CJiyaeQ==</latexit>

SU(4)C

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R
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1

W
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="i3ZC5Tr+ZDpP4XqIXUeMdY7Z9HU=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIglASEXVZdOOygn1AU8tketMOnTyYuZGWkN/wB9zqH7gTt+79Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY2gHthdznjKKWOuahizDE/J8UgYosdYPk8SzrmCW7bOewFokzJSUyRbVj/rjdiCUBhMgEVarl2DG2UyqRMwFZ0U0UxJQNaA9amoY0ANVO8+DMOtFK1/IjqV+IVq7+3UhpoNQo8PRkQLGv5r2x+J/XStC/bqc8jBOEkE2C/ERYGFnjNqwul8BQjDShTHJ9q8X6VFKGurOZlOHk1KIuxpmvYZHUz8vOZdm+vyhVbqYVFcgROSanxCFXpELuSJXUCCMZeSGv5M14Nt6ND+NzMrpkTHcOyAyMr1+4H5+5</latexit>

µ+

<latexit sha1_base64="OLSPVtvA9TyTuC6k8UUbaUq90qw=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwY0lE1GXRjcsK9gFtLJPpTTt08mDmRlpC/sIfcKt/4E7c+gP+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEMbkB7Ifc5o6iljnnYRhhi/k+KQEWWwuNZ1jFLdtnOYS0SZ0pKZIpqx/xpdyOWBBAiE1SplmPH6KZUImcCsmI7URBTNqA9aGka0gCUm+axmXWila7lR1K/EK1c/buR0kCpUeDpyYBiX817Y/E/r5Wgf+2mPIwThJBNgvxEWBhZ4y6sLpfAUIw0oUxyfavF+lRShrqxmZTh5NSiLsaZr2GR1M/LzmXZvr8oVW6mFRXIETkmp8QhV6RC7kiV1AgjKXkhr+TNeDbejQ/jczK6ZEx3DsgMjK9fBIiezg==</latexit>

e�
<latexit sha1_base64="l1JMi1HsxsgJDe4YfydDsRh6aSw="></latexit>

Br(KL ! e±µ⌥)exp  4.7⇥ 10�12



SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q

<latexit sha1_base64="BhWI5hU6xpcH8wvGxyznjnVg/cs=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSFGPRS9ehArGFpoQNttNu3R3E3Y3hRJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5Ucqo0o7zbVVWVtfWN6qbta3tnd09e//gUSWZxMTDCUtkN0KKMCqIp6lmpJtKgnjESCca3Uz9zphIRRPxoCcpCTgaCBpTjLSRQvvoLsy90C2gryiHg7AJx6GPhzS0607DmQEuE7ckdVCiHdpffj/BGSdCY4aU6rlOqoMcSU0xI0XNzxRJER6hAekZKhAnKshnDxTw1Ch9GCfSlNBwpv6eyBFXasIj08mRHqpFbyr+5/UyHV8FORVpponA80VxxqBO4DQN2KeSYM0mhiAsqbkV4iGSCGuTWc2E4C6+vEwezxvuRcO5b9Zb12UcVXAMTsAZcMElaIFb0AYewKAAz+AVvFlP1ov1bn3MWytWOXMI/sD6/AEyspWD</latexit>

MU1 ⇠ g4v�
<latexit sha1_base64="O6MUQZCAroriqjh/452H22MUYX0=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCpzCjoh6DXjxGyAbJGHo6NUmTnoXuGjEM8eKvePGgiFf/wpt/Y2c5aOKDgsd7VVTV8xMpNDrOt7WwuLS8sppby69vbG5t2zu7NR2nikOVxzJWDZ9pkCKCKgqU0EgUsNCXUPf71yO/fg9Kiziq4CABL2TdSASCMzRS295vddG4IXWdu1PaQnjAjFagNmzbBafojEHniTslBTJFuW1/tToxT0OIkEumddN1EvQyplBwCcN8K9WQMN5nXWgaGrEQtJeNPxjSI6N0aBArUxHSsfp7ImOh1oPQN50hw56e9Ubif14zxeDSy0SUpAgRnywKUkkxpqM4aEco4CgHhjCuhLmV8h5TjKMJLW9CcGdfnie1k6J7XnRuzwqlq2kcOXJADskxcckFKZEbUiZVwskjeSav5M16sl6sd+tj0rpgTWf2yB9Ynz8igpYM</latexit>

& 103 TeV

Naive bound!

Way outs: extra vector-like fermions / enlarged gauge group  
[Capdevilla, Crivellin, et al. 1704.05340, Calibbi, Crivellin, Li, 1709.00692, Luzio, Greijo, 

Nardecchia, 1708.08450, Assad, Fornal, Grinstein, 1708.06350, Bordone, Cornella et al. 1712.01368, 
Cornella, Fuentes-Martín, Isidori, 1903.11517, Cornella, Faroughy, et al. 2103.16558], 


chiral Pati-Salam [Balaji, Schmidt, 1911.08873], …


<latexit sha1_base64="4ybpM7sWiuXIB8c8CzYhDbgzK5w="></latexit>

� = (�u,�u,�u, h�0
Ri)

Vector LQ ￼Uμ
1 ∼ (3,1,2/3)

1

1

d

<latexit sha1_base64="GhpMcjwk04DxWuWu4PpQVdlQDhI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz14rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJWrtTyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBlgeMyw==</latexit>

B
<latexit sha1_base64="xUEcXjUlZD6W8XkTX0Twd0vMxIE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBCih7Aroh6DXgQvEcwDkjXMTjrJkNnZZWZWCEs+wosHRbz6Pd78GyfJHjSxoKGo6qa7K4gF18Z1v52l5ZXVtfXcRn5za3tnt7C3X9dRohjWWCQi1QyoRsEl1gw3ApuxQhoGAhvB8GbiN55QaR7JBzOK0Q9pX/IeZ9RYqXH3mJZOT8adQtEtu1OQReJlpAgZqp3CV7sbsSREaZigWrc8NzZ+SpXhTOA43040xpQNaR9blkoaovbT6bljcmyVLulFypY0ZKr+nkhpqPUoDGxnSM1Az3sT8T+vlZjelZ9yGScGJZst6iWCmIhMfiddrpAZMbKEMsXtrYQNqKLM2ITyNgRv/uVFUj8rexdl9/68WLnO4sjBIRxBCTy4hArcQhVqwGAIz/AKb07svDjvzsesdcnJZg7gD5zPH0iajuE=</latexit>

K(⇤)d

<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

1

γ
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ� <latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�
<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b
<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�
<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s

<latexit sha1_base64="2mW/ugNw8tTINSB/tEmEKRYMozU="></latexit>

SU(4)C ⌦ SU(2)L ⌦U(1)R

W
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1
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄
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Neutral Anomalies
<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="/gJZgZUbEDQXqudvcogvqYmxyWA="></latexit>
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="v4qdpAW/6bTRig7ksdm1k14uoJE="></latexit>

Br(KL ! µ±e⌥) < 4.7⇥ 10�12

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="QAj1EflhGVTKNXjwiM/6Iy7Rs6E=">AAACD3icbVDLSsNAFL3xWesr1qWbwSK4KkkRdVl047KCfUAbymQ6aYdOJnFmIi0hH+EPuNU/cCdu/QR/wO9w2mZhWw9cOJxzL/dw/JgzpR3n21pb39jc2i7sFHf39g8O7aNSU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6Hbqt56oVCwSD3oSUy/EA8ECRrA2Us8udQOJSepmaVc9Sp1Ws6xnl52KMwNaJW5OypCj3rN/uv2IJCEVmnCsVMd1Yu2lWGpGOM2K3UTRGJMRHtCOoQKHVHnpLHuGzozSR0EkzQiNZurfixSHSk1C32yGWA/VsjcV//M6iQ6uvZSJONFUkPmjIOFIR2haBOozSYnmE0MwkcxkRWSITRna1LXwZTyPWjTFuMs1rJJmteJeVpz7i3LtJq+oACdwCufgwhXU4A7q0AACY3iBV3iznq1368P6nK+uWfnNMSzA+voFTMudUw==</latexit>

1p
2

<latexit sha1_base64="wXA6AClEnNTSK5hH8nNMuEtCbwU=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBEEocyIqMuiG5ct2Ae0Q8mkd9rQTGZIMmIp9Qfc6h+4E7f+iz/gd5i2s7CtBwKHc+7lnpwgEVwb1/12VlbX1jc2c1v57Z3dvf3CwWFdx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIO7id94RKV5LB/MMEE/oj3JQ86osVL1vFMouiV3CrJMvIwUIUOlU/hpd2OWRigNE1Trlucmxh9RZTgTOM63U40JZQPaw5alkkao/dE06JicWqVLwljZJw2Zqn83RjTSehgFdjKipq8XvYn4n9dKTXjjj7hMUoOSzQ6FqSAmJpNfky5XyIwYWkKZ4jYrYX2qKDO2m7krT7OoeVuMt1jDMqlflLyrklu9LJZvs4pycAwncAYeXEMZ7qECNWCA8AKv8OY8O+/Oh/M5G11xsp0jmIPz9QuTepU6</latexit>
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1

<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+

 ￼KL → μ±e∓

<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s
<latexit sha1_base64="FlQgEzMsEiUJZvb6Jy1bkbCGDT8=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJHEp+SMiUDGVkm6+4BSdGexV4qakQFJUu/mfdi9gkQ8SmaBat1wnxE5MFXImIMm1Iw0hZSM6gJahkvqgO/EsNbHPjNKz+4EyT6I9U/9uxNTXeuJ7ZtKnONTL3lT8z2tF2L/qxFyGEYJk86B+JGwM7GlJdo8rYCgmhlCmuLnVZkOqKENT5ULKeH5qzhTjLtewSuqlontRdO7Khcp1WlGWnJBTck5cckkq5JZUSY0w8kReyCt5s56td+vT+pqPZqx055gswPr+BZcJqjQ=</latexit>

c224

<latexit sha1_base64="C75wKsE35Tx1aJmNNsZErUl5tnw=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNPHSORGBirGUtu28W3AncFaJNyN5MkO5bf82OyGLA5DIBNW64bkRthKqkDMBaa4Za4goG9AeNAyVNADdSiapqXNmlI7TDZV5Ep2JOr+R0EDrUeCbyYBiXy97Y/E/rxFj97qVcBnFCJJNg7qxcDB0xiU5Ha6AoRgZQpni5laH9amiDE2VCynD6ak5U4y3XMMqqV4UvMuCe1/Ml25mFWXJCTkl58QjV6RE7kiZVAgjz+SVvJF368X6sL6s7+loxprtHJMFWD9/k8KqMg==</latexit>
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<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+



<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="QAj1EflhGVTKNXjwiM/6Iy7Rs6E=">AAACD3icbVDLSsNAFL3xWesr1qWbwSK4KkkRdVl047KCfUAbymQ6aYdOJnFmIi0hH+EPuNU/cCdu/QR/wO9w2mZhWw9cOJxzL/dw/JgzpR3n21pb39jc2i7sFHf39g8O7aNSU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6Hbqt56oVCwSD3oSUy/EA8ECRrA2Us8udQOJSepmaVc9Sp1Ws6xnl52KMwNaJW5OypCj3rN/uv2IJCEVmnCsVMd1Yu2lWGpGOM2K3UTRGJMRHtCOoQKHVHnpLHuGzozSR0EkzQiNZurfixSHSk1C32yGWA/VsjcV//M6iQ6uvZSJONFUkPmjIOFIR2haBOozSYnmE0MwkcxkRWSITRna1LXwZTyPWjTFuMs1rJJmteJeVpz7i3LtJq+oACdwCufgwhXU4A7q0AACY3iBV3iznq1368P6nK+uWfnNMSzA+voFTMudUw==</latexit>

1p
2

<latexit sha1_base64="wXA6AClEnNTSK5hH8nNMuEtCbwU=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBEEocyIqMuiG5ct2Ae0Q8mkd9rQTGZIMmIp9Qfc6h+4E7f+iz/gd5i2s7CtBwKHc+7lnpwgEVwb1/12VlbX1jc2c1v57Z3dvf3CwWFdx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIO7id94RKV5LB/MMEE/oj3JQ86osVL1vFMouiV3CrJMvIwUIUOlU/hpd2OWRigNE1Trlucmxh9RZTgTOM63U40JZQPaw5alkkao/dE06JicWqVLwljZJw2Zqn83RjTSehgFdjKipq8XvYn4n9dKTXjjj7hMUoOSzQ6FqSAmJpNfky5XyIwYWkKZ4jYrYX2qKDO2m7krT7OoeVuMt1jDMqlflLyrklu9LJZvs4pycAwncAYeXEMZ7qECNWCA8AKv8OY8O+/Oh/M5G11xsp0jmIPz9QuTepU6</latexit>
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<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+
<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s
<latexit sha1_base64="FlQgEzMsEiUJZvb6Jy1bkbCGDT8=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJHEp+SMiUDGVkm6+4BSdGexV4qakQFJUu/mfdi9gkQ8SmaBat1wnxE5MFXImIMm1Iw0hZSM6gJahkvqgO/EsNbHPjNKz+4EyT6I9U/9uxNTXeuJ7ZtKnONTL3lT8z2tF2L/qxFyGEYJk86B+JGwM7GlJdo8rYCgmhlCmuLnVZkOqKENT5ULKeH5qzhTjLtewSuqlontRdO7Khcp1WlGWnJBTck5cckkq5JZUSY0w8kReyCt5s56td+vT+pqPZqx055gswPr+BZcJqjQ=</latexit>

c224

<latexit sha1_base64="C75wKsE35Tx1aJmNNsZErUl5tnw=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNPHSORGBirGUtu28W3AncFaJNyN5MkO5bf82OyGLA5DIBNW64bkRthKqkDMBaa4Za4goG9AeNAyVNADdSiapqXNmlI7TDZV5Ep2JOr+R0EDrUeCbyYBiXy97Y/E/rxFj97qVcBnFCJJNg7qxcDB0xiU5Ha6AoRgZQpni5laH9amiDE2VCynD6ak5U4y3XMMqqV4UvMuCe1/Ml25mFWXJCTkl58QjV6RE7kiZVAgjz+SVvJF368X6sL6s7+loxprtHJMFWD9/k8KqMg==</latexit>

c114
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<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+

<latexit sha1_base64="aMZcfbELNBHNTdDd+rLl9/UPZG0=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJLGb/BERqEjiUpJ08wWn6MxgrxI3JQWSotrN/7R7AYt8kMgE1brlOiF2YqqQMwFJrh1pCCkb0QG0DJXUB92JZ6mJfWaUnt0PlHkS7Zn6dyOmvtYT3zOTPsWhXvam4n9eK8L+VSfmMowQJJsH9SNhY2BPS7J7XAFDMTGEMsXNrTYbUkUZmioXUsbzU3OmGHe5hlVSLxXdi6JzVy5UrtOKsuSEnJJz4pJLUiG3pEpqhJEn8kJeyZv1bL1bn9bXfDRjpTvHZAHW9y+VXKoz</latexit>

c124

<latexit sha1_base64="AQMxv3ik36/PZCQT265TznsrqzE=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJHEp+SMiUJHEbpJ08wWn6MxgrxI3JQWSotrN/7R7AYt8kMgE1brlOiF2YqqQMwFJrh1pCCkb0QG0DJXUB92JZ6mJfWaUnt0PlHkS7Zn6dyOmvtYT3zOTPsWhXvam4n9eK8L+VSfmMowQJJsH9SNhY2BPS7J7XAFDMTGEMsXNrTYbUkUZmioXUsbzU3OmGHe5hlVSLxXdi6JzVy5UrtOKsuSEnJJz4pJLUiG3pEpqhJEn8kJeyZv1bL1bn9bXfDRjpTvHZAHW9y+Vb6oz</latexit>

c214

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="v4qdpAW/6bTRig7ksdm1k14uoJE="></latexit>

Br(KL ! µ±e⌥) < 4.7⇥ 10�12

<latexit sha1_base64="U11PkFXidBKaQxKhtnb59pDi2Rk="></latexit>p
|V 12V 21

c |
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s12 ! 0



<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="QAj1EflhGVTKNXjwiM/6Iy7Rs6E=">AAACD3icbVDLSsNAFL3xWesr1qWbwSK4KkkRdVl047KCfUAbymQ6aYdOJnFmIi0hH+EPuNU/cCdu/QR/wO9w2mZhWw9cOJxzL/dw/JgzpR3n21pb39jc2i7sFHf39g8O7aNSU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6Hbqt56oVCwSD3oSUy/EA8ECRrA2Us8udQOJSepmaVc9Sp1Ws6xnl52KMwNaJW5OypCj3rN/uv2IJCEVmnCsVMd1Yu2lWGpGOM2K3UTRGJMRHtCOoQKHVHnpLHuGzozSR0EkzQiNZurfixSHSk1C32yGWA/VsjcV//M6iQ6uvZSJONFUkPmjIOFIR2haBOozSYnmE0MwkcxkRWSITRna1LXwZTyPWjTFuMs1rJJmteJeVpz7i3LtJq+oACdwCufgwhXU4A7q0AACY3iBV3iznq1368P6nK+uWfnNMSzA+voFTMudUw==</latexit>

1p
2

<latexit sha1_base64="wXA6AClEnNTSK5hH8nNMuEtCbwU=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBEEocyIqMuiG5ct2Ae0Q8mkd9rQTGZIMmIp9Qfc6h+4E7f+iz/gd5i2s7CtBwKHc+7lnpwgEVwb1/12VlbX1jc2c1v57Z3dvf3CwWFdx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIO7id94RKV5LB/MMEE/oj3JQ86osVL1vFMouiV3CrJMvIwUIUOlU/hpd2OWRigNE1Trlucmxh9RZTgTOM63U40JZQPaw5alkkao/dE06JicWqVLwljZJw2Zqn83RjTSehgFdjKipq8XvYn4n9dKTXjjj7hMUoOSzQ6FqSAmJpNfky5XyIwYWkKZ4jYrYX2qKDO2m7krT7OoeVuMt1jDMqlflLyrklu9LJZvs4pycAwncAYeXEMZ7qECNWCA8AKv8OY8O+/Oh/M5G11xsp0jmIPz9QuTepU6</latexit>
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<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+
<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s
<latexit sha1_base64="FlQgEzMsEiUJZvb6Jy1bkbCGDT8=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJHEp+SMiUDGVkm6+4BSdGexV4qakQFJUu/mfdi9gkQ8SmaBat1wnxE5MFXImIMm1Iw0hZSM6gJahkvqgO/EsNbHPjNKz+4EyT6I9U/9uxNTXeuJ7ZtKnONTL3lT8z2tF2L/qxFyGEYJk86B+JGwM7GlJdo8rYCgmhlCmuLnVZkOqKENT5ULKeH5qzhTjLtewSuqlontRdO7Khcp1WlGWnJBTck5cckkq5JZUSY0w8kReyCt5s56td+vT+pqPZqx055gswPr+BZcJqjQ=</latexit>

c224

<latexit sha1_base64="C75wKsE35Tx1aJmNNsZErUl5tnw=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNPHSORGBirGUtu28W3AncFaJNyN5MkO5bf82OyGLA5DIBNW64bkRthKqkDMBaa4Za4goG9AeNAyVNADdSiapqXNmlI7TDZV5Ep2JOr+R0EDrUeCbyYBiXy97Y/E/rxFj97qVcBnFCJJNg7qxcDB0xiU5Ha6AoRgZQpni5laH9amiDE2VCynD6ak5U4y3XMMqqV4UvMuCe1/Ml25mFWXJCTkl58QjV6RE7kiZVAgjz+SVvJF368X6sL6s7+loxprtHJMFWD9/k8KqMg==</latexit>

c114
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<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="v/F0Wc4/YGeiNxP9Ia8MekV1zns=">AAACFHicbVDLSsNAFJ34rPUVdeHCTbAIbiyJiLosunFZwT6gqWUyvWmHTh7M3EhLyG/4A271D9yJW/f+gN/hNO3Cth4YOJxz75zL8WLBFdr2t7G0vLK6tl7YKG5ube/smnv7dRUlkkGNRSKSTY8qEDyEGnIU0Iwl0MAT0PAGt2O/8QRS8Sh8wFEM7YD2Qu5zRlFLHfPQRRhi/k+KQEWWukHyeJZ1zJJdtnNYi8SZkhKZotoxf9xuxJIAQmSCKtVy7BjbKZXImYCs6CYKYsoGtActTUMagGqneXBmnWila/mR1C9EK1f/bqQ0UGoUeHoyoNhX895Y/M9rJehft1MexglCyCZBfiIsjKxxG1aXS2AoRppQJrm+1WJ9KilD3dlMynByalEX48zXsEjq52XnsmzfX5QqN9OKCuSIHJNT4pArUiF3pEpqhJGMvJBX8mY8G+/Gh/E5GV0ypjsHZAbG1y+7UZ+7</latexit>

µ�

<latexit sha1_base64="CXMUyOSdebGmjkPj02CuNQv5bMI=">AAACEnicbVDLSsNAFJ34rPUVFVdugkUQhJKIqMuiG5cV7APaWCbTm3bo5MHMjbSE/IU/4Fb/wJ249Qf8Ab/DadqFbT0wcDjn3jmX48WCK7Ttb2NpeWV1bb2wUdzc2t7ZNff26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENbsd+4wmk4lH4gKMY3ID2Qu5zRlFLHfOwjTDE/J8UgYoshcezrGOW7LKdw1okzpSUyBTVjvnT7kYsCSBEJqhSLceO0U2pRM4EZMV2oiCmbEB70NI0pAEoN81jM+tEK13Lj6R+IVq5+ncjpYFSo8DTkwHFvpr3xuJ/XitB/9pNeRgnCCGbBPmJsDCyxl1YXS6BoRhpQpnk+laL9amkDHVjMynDyalFXYwzX8MiqZ+XncuyfX9RqtxMKyqQI3JMTolDrkiF3JEqqRFGUvJCXsmb8Wy8Gx/G52R0yZjuHJAZGF+/AVaezA==</latexit>

e+

<latexit sha1_base64="aMZcfbELNBHNTdDd+rLl9/UPZG0=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJLGb/BERqEjiUpJ08wWn6MxgrxI3JQWSotrN/7R7AYt8kMgE1brlOiF2YqqQMwFJrh1pCCkb0QG0DJXUB92JZ6mJfWaUnt0PlHkS7Zn6dyOmvtYT3zOTPsWhXvam4n9eK8L+VSfmMowQJJsH9SNhY2BPS7J7XAFDMTGEMsXNrTYbUkUZmioXUsbzU3OmGHe5hlVSLxXdi6JzVy5UrtOKsuSEnJJz4pJLUiG3pEpqhJEn8kJeyZv1bL1bn9bXfDRjpTvHZAHW9y+VXKoz</latexit>

c124

<latexit sha1_base64="AQMxv3ik36/PZCQT265TznsrqzE=">AAACK3icbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjTv/A3/AG3+geuNG71OxygCwFPMsnJOffOuTleKLhGx/mwMmvrG5tb2e3czu7e/kH+8Kiug0gxqLFABKrpUQ2CS6ghRwHNUAH1PQENb3Qz9RuPoDQP5D1OQuj4dCB5nzOKRurmi6xbfojbCGOcfRYHisoBJHEp+SMiUJHEbpJ08wWn6MxgrxI3JQWSotrN/7R7AYt8kMgE1brlOiF2YqqQMwFJrh1pCCkb0QG0DJXUB92JZ6mJfWaUnt0PlHkS7Zn6dyOmvtYT3zOTPsWhXvam4n9eK8L+VSfmMowQJJsH9SNhY2BPS7J7XAFDMTGEMsXNrTYbUkUZmioXUsbzU3OmGHe5hlVSLxXdi6JzVy5UrtOKsuSEnJJz4pJLUiG3pEpqhJEn8kJeyZv1bL1bn9bXfDRjpTvHZAHW9y+Vb6oz</latexit>

c214

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="v4qdpAW/6bTRig7ksdm1k14uoJE="></latexit>

Br(KL ! µ±e⌥) < 4.7⇥ 10�12

<latexit sha1_base64="U11PkFXidBKaQxKhtnb59pDi2Rk="></latexit>p
|V 12V 21

c |
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< 0.10

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="uuG6YK/1tNDw/i2uy++dAzp2Hf8=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS4mXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcveVWgHw==</latexit>c13
<latexit sha1_base64="lMeC1/EbP4Serh4rKfX1Uz8C6Ws=">AAACHHicbVDLSsNAFJ3UV62vqksXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE2zsK0HZjicc18cL+RMgWV9G7mV1bX1jfxmYWt7Z3evuH/QVEEkCW2QgAey7WFFORO0AQw4bYeSYt/jtOWNbqd+65FKxQLxAJOQOj4eCNZnBIOW3OJxF+gY0jkxmWCRxOfKjSvVRP92NUncYskqWynMZWJnpIQy1N3iT7cXkMinAgjHSnVsKwQnxhIY4TQpdCNFQ0xGeEA7mgrsU+XE6QGJeaqVntkPpH4CzFT92xFjX6mJ7+lKH8NQLXpT8T+vE0H/2omZCCOggswW9SNuQmBOUzF7TFICfKIJJpLpW00yxBIT0NnNbRnPTi3oYOzFGJZJs1K2L8vW/UWpdpNFlEdH6ASdIRtdoRq6Q3XUQAQ9oRf0it6MZ+Pd+DA+Z6U5I+s5RHMwvn4BphSi0Q==</latexit>�s23s13
<latexit sha1_base64="5RkSGBiCShXIc1syGuSbCCHp4og=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE27sK0HBg7n3Dv3cPyIMwW2/W3kVlbX1jfym4Wt7Z3dPXP/oKHCWBJaJyEPZcvHinImaB0YcNqKJMWBz2nTH95O/OYjlYqF4gHGEXUD3BesxwgGLXnmcQfoCLJ/EjLGIk3OiZeUK6nyEqeSpp5ZtEt2BmuZODNSRDPUPPOn0w1JHFABhGOl2o4dgZtgCYxwmhY6saIRJkPcp21NBQ6ocpMsQGqdaqVr9UKpnwArU/9uJDhQahz4ejLAMFCL3kT8z2vH0Lt2EyaiGKgg00O9mFsQWpNWrC6TlAAfa4KJZDqrRQZYYgK6u7kro2nUgi7GWaxhmTTKJeeyZN9fFKs3s4ry6AidoDPkoCtURXeohuqIoCf0gl7Rm/FsvBsfxud0NGfMdg7RHIyvX4vUosE=</latexit>�c23s13

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A<latexit sha1_base64="dYd0y+z9e1FsUAXpQNnZVGudGNA=">AAACFXicbVDLSgMxFM3UV62vqhvBTbAIrspMFXVZdOOygn1AW0omzbShmcyQ3JEOw/gb/oBb/QN34ta1P+B3mE67sK0HAodz7s25HDcUXINtf1u5ldW19Y38ZmFre2d3r7h/0NBBpCir00AEquUSzQSXrA4cBGuFihHfFazpjm4nfvORKc0D+QBxyLo+GUjucUrASL3iUQfYGLJ/EhoTmSa0l1TO07RXLNllOwNeJs6MlNAMtV7xp9MPaOQzCVQQrduOHUI3IQo4FSwtdCLNQkJHZMDahkriM91NsuQUnxqlj71AmScBZ+rfjYT4Wse+ayZ9AkO96E3E/7x2BN51N+EyjIBJOg3yIoEhwJM6cJ8rRkHEhhCquLkV0yFRhIIpbS5lPD21YIpxFmtYJo1K2bks2/cXperNrKI8OkYn6Aw56ApV0R2qoTqi6Am9oFf0Zj1b79aH9TkdzVmznUM0B+vrF3rwoCA=</latexit>c23
<latexit sha1_base64="3aIJZlnI3T5zXvsFATidLasCo5M=">AAACFnicbVDLSgMxFM34rPU16krcBIvgxjJTRV0W3bisYB/QlpJJ0zY0kxmSO9JhGPwNf8Ct/oE7cevWH/A7TNtZ2NYDgcM59+ZcjhcKrsFxvq2l5ZXVtfXcRn5za3tn197br+kgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hrdjv/7IlOaBfIA4ZG2f9CXvcUrASB37sAVsBJN/EhoTmSZnupOUztO0YxecojMBXiRuRgooQ6Vj/7S6AY18JoEKonXTdUJoJ0QBp4Kl+VakWUjokPRZ01BJfKbbySQ6xSdG6eJeoMyTgCfq342E+FrHvmcmfQIDPe+Nxf+8ZgS963bCZRgBk3Qa1IsEhgCP+8BdrhgFERtCqOLmVkwHRBEKprWZlNH01Lwpxp2vYZHUSkX3sujcXxTKN1lFOXSEjtEpctEVKqM7VEFVRNETekGv6M16tt6tD+tzOrpkZTsHaAbW1y8KdaBn</latexit>�s23

<latexit sha1_base64="MI2okweOya56vuws21huA5S4MCo=">AAACG3icbVDLSsNAFJ34rPUVdSlIsAiuStKKuiy6cVnBPqANYTKdtkMnkzBzIy0hO3/DH3Crf+BO3LrwB/wOp2kWtvXAwOGce+dcjh9xpsC2v42V1bX1jc3CVnF7Z3dv3zw4bKowloQ2SMhD2faxopwJ2gAGnLYjSXHgc9ryR7dTv/VIpWKheIBJRN0ADwTrM4JBS5550gU6huyfhEywSBPlJZVqSrzEqaapZ5bssp3BWiZOTkooR90zf7q9kMQBFUA4Vqrj2BG4CZbACKdpsRsrGmEywgPa0VTggCo3yfJT60wrPasfSv0EWJn6dyPBgVKTwNeTAYahWvSm4n9eJ4b+tZswEcVABZkF9WNuQWhNS7F6TFICfKIJJpLpWy0yxBIT0NXNpYxnpxZ1Mc5iDcukWSk7l2X7/qJUu8krKqBjdIrOkYOuUA3doTpqIIKe0At6RW/Gs/FufBifs9EVI985QnMwvn4BFYSiig==</latexit>s23c13
<latexit sha1_base64="YWMOhYXR8qlaRpM9PfCxjLaJx18=">AAACG3icbVDLSgMxFM34rPVVdSlIsAiuykwr6rLoxmUF+4C2lEyaaUMzmSG5Ix2G2fkb/oBb/QN34taFP+B3mE67sK0XEg7n3HvP5bih4Bps+9taWV1b39jMbeW3d3b39gsHhw0dRIqyOg1EoFou0UxwyerAQbBWqBjxXcGa7uh2ojcfmdI8kA8Qh6zrk4HkHqcEDNUrnHSAjSHbk9CYyDShvaRcSc3vVNK0VyjaJTsrvAycGSiiWdV6hZ9OP6CRzyRQQbRuO3YI3YQo4FSwNN+JNAsJHZEBaxsoic90N8n8U3xmmD72AmWeBJyxfycS4msd+67p9AkM9aI2If/T2hF4192EyzACJunUyIsEhgBPQsF9rhgFERtAqOLmVkyHRBEKJro5l/H01LwJxlmMYRk0yiXnsmTfXxSrN7OIcugYnaJz5KArVEV3qIbqiKIn9IJe0Zv1bL1bH9bntHXFms0cobmyvn4B+zWieg==</latexit>c23c13

<latexit sha1_base64="1DZByawECfz/PWfpeZMd5a+eqZw=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS5WXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcvkzWgLw==</latexit>s13
<latexit sha1_base64="KOM+PHcHrE5L9OIL0H6EYc/PwQU=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF2wptKJPppB06mYSZG2kI/Ql/wK3+gTtx6x/4A36H0zQL23pg4HDOvXMux48F1+A431ZpbX1jc6u8XdnZ3ds/sA+P2jpKFGUtGolIPfpEM8ElawEHwR5jxUjoC9bxx7czv/PElOaRfIA0Zl5IhpIHnBIwUt+u9oBNIP8noymR08yZ9u2aU3dy4FXiFqSGCjT79k9vENEkZBKoIFp3XScGLyMKOBVsWuklmsWEjsmQdQ2VJGTay/LQKT41ygAHkTJPAs7VvxsZCbVOQ99MhgRGetmbif953QSCay/jMk6ASToPChKBIcKzJvCAK0ZBpIYQqri5FdMRUYSC6WshZTI/tWKKcZdrWCXt87p7WXfuL2qNm6KiMjpGJ+gMuegKNdAdaqIWoihFL+gVvVnP1rv1YX3OR0tWsVNFC7C+fgF/WZ3/</latexit>

0

 ￼KL → μ±e∓



￼μ → eγ

<latexit sha1_base64="TKSbTQDOSjpm7wr85iRBN4Iv26I="></latexit>

Br(µ ! e�) < 4.2⇥ 10�13

<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="uuG6YK/1tNDw/i2uy++dAzp2Hf8=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS4mXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcveVWgHw==</latexit>c13

<latexit sha1_base64="lMeC1/EbP4Serh4rKfX1Uz8C6Ws=">AAACHHicbVDLSsNAFJ3UV62vqksXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE2zsK0HZjicc18cL+RMgWV9G7mV1bX1jfxmYWt7Z3evuH/QVEEkCW2QgAey7WFFORO0AQw4bYeSYt/jtOWNbqd+65FKxQLxAJOQOj4eCNZnBIOW3OJxF+gY0jkxmWCRxOfKjSvVRP92NUncYskqWynMZWJnpIQy1N3iT7cXkMinAgjHSnVsKwQnxhIY4TQpdCNFQ0xGeEA7mgrsU+XE6QGJeaqVntkPpH4CzFT92xFjX6mJ7+lKH8NQLXpT8T+vE0H/2omZCCOggswW9SNuQmBOUzF7TFICfKIJJpLpW00yxBIT0NnNbRnPTi3oYOzFGJZJs1K2L8vW/UWpdpNFlEdH6ASdIRtdoRq6Q3XUQAQ9oRf0it6MZ+Pd+DA+Z6U5I+s5RHMwvn4BphSi0Q==</latexit>�s23s13
<latexit sha1_base64="5RkSGBiCShXIc1syGuSbCCHp4og=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE27sK0HBg7n3Dv3cPyIMwW2/W3kVlbX1jfym4Wt7Z3dPXP/oKHCWBJaJyEPZcvHinImaB0YcNqKJMWBz2nTH95O/OYjlYqF4gHGEXUD3BesxwgGLXnmcQfoCLJ/EjLGIk3OiZeUK6nyEqeSpp5ZtEt2BmuZODNSRDPUPPOn0w1JHFABhGOl2o4dgZtgCYxwmhY6saIRJkPcp21NBQ6ocpMsQGqdaqVr9UKpnwArU/9uJDhQahz4ejLAMFCL3kT8z2vH0Lt2EyaiGKgg00O9mFsQWpNWrC6TlAAfa4KJZDqrRQZYYgK6u7kro2nUgi7GWaxhmTTKJeeyZN9fFKs3s4ry6AidoDPkoCtURXeohuqIoCf0gl7Rm/FsvBsfxud0NGfMdg7RHIyvX4vUosE=</latexit>�c23s13

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A<latexit sha1_base64="dYd0y+z9e1FsUAXpQNnZVGudGNA=">AAACFXicbVDLSgMxFM3UV62vqhvBTbAIrspMFXVZdOOygn1AW0omzbShmcyQ3JEOw/gb/oBb/QN34ta1P+B3mE67sK0HAodz7s25HDcUXINtf1u5ldW19Y38ZmFre2d3r7h/0NBBpCir00AEquUSzQSXrA4cBGuFihHfFazpjm4nfvORKc0D+QBxyLo+GUjucUrASL3iUQfYGLJ/EhoTmSa0l1TO07RXLNllOwNeJs6MlNAMtV7xp9MPaOQzCVQQrduOHUI3IQo4FSwtdCLNQkJHZMDahkriM91NsuQUnxqlj71AmScBZ+rfjYT4Wse+ayZ9AkO96E3E/7x2BN51N+EyjIBJOg3yIoEhwJM6cJ8rRkHEhhCquLkV0yFRhIIpbS5lPD21YIpxFmtYJo1K2bks2/cXperNrKI8OkYn6Aw56ApV0R2qoTqi6Am9oFf0Zj1b79aH9TkdzVmznUM0B+vrF3rwoCA=</latexit>c23
<latexit sha1_base64="3aIJZlnI3T5zXvsFATidLasCo5M=">AAACFnicbVDLSgMxFM34rPU16krcBIvgxjJTRV0W3bisYB/QlpJJ0zY0kxmSO9JhGPwNf8Ct/oE7cevWH/A7TNtZ2NYDgcM59+ZcjhcKrsFxvq2l5ZXVtfXcRn5za3tn197br+kgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hrdjv/7IlOaBfIA4ZG2f9CXvcUrASB37sAVsBJN/EhoTmSZnupOUztO0YxecojMBXiRuRgooQ6Vj/7S6AY18JoEKonXTdUJoJ0QBp4Kl+VakWUjokPRZ01BJfKbbySQ6xSdG6eJeoMyTgCfq342E+FrHvmcmfQIDPe+Nxf+8ZgS963bCZRgBk3Qa1IsEhgCP+8BdrhgFERtCqOLmVkwHRBEKprWZlNH01Lwpxp2vYZHUSkX3sujcXxTKN1lFOXSEjtEpctEVKqM7VEFVRNETekGv6M16tt6tD+tzOrpkZTsHaAbW1y8KdaBn</latexit>�s23

<latexit sha1_base64="MI2okweOya56vuws21huA5S4MCo=">AAACG3icbVDLSsNAFJ34rPUVdSlIsAiuStKKuiy6cVnBPqANYTKdtkMnkzBzIy0hO3/DH3Crf+BO3LrwB/wOp2kWtvXAwOGce+dcjh9xpsC2v42V1bX1jc3CVnF7Z3dv3zw4bKowloQ2SMhD2faxopwJ2gAGnLYjSXHgc9ryR7dTv/VIpWKheIBJRN0ADwTrM4JBS5550gU6huyfhEywSBPlJZVqSrzEqaapZ5bssp3BWiZOTkooR90zf7q9kMQBFUA4Vqrj2BG4CZbACKdpsRsrGmEywgPa0VTggCo3yfJT60wrPasfSv0EWJn6dyPBgVKTwNeTAYahWvSm4n9eJ4b+tZswEcVABZkF9WNuQWhNS7F6TFICfKIJJpLpWy0yxBIT0NXNpYxnpxZ1Mc5iDcukWSk7l2X7/qJUu8krKqBjdIrOkYOuUA3doTpqIIKe0At6RW/Gs/FufBifs9EVI985QnMwvn4BFYSiig==</latexit>s23c13
<latexit sha1_base64="YWMOhYXR8qlaRpM9PfCxjLaJx18=">AAACG3icbVDLSgMxFM34rPVVdSlIsAiuykwr6rLoxmUF+4C2lEyaaUMzmSG5Ix2G2fkb/oBb/QN34taFP+B3mE67sK0XEg7n3HvP5bih4Bps+9taWV1b39jMbeW3d3b39gsHhw0dRIqyOg1EoFou0UxwyerAQbBWqBjxXcGa7uh2ojcfmdI8kA8Qh6zrk4HkHqcEDNUrnHSAjSHbk9CYyDShvaRcSc3vVNK0VyjaJTsrvAycGSiiWdV6hZ9OP6CRzyRQQbRuO3YI3YQo4FSwNN+JNAsJHZEBaxsoic90N8n8U3xmmD72AmWeBJyxfycS4msd+67p9AkM9aI2If/T2hF4192EyzACJunUyIsEhgBPQsF9rhgFERtAqOLmVkyHRBEKJro5l/H01LwJxlmMYRk0yiXnsmTfXxSrN7OIcugYnaJz5KArVEV3qIbqiKIn9IJe0Zv1bL1bH9bntHXFms0cobmyvn4B+zWieg==</latexit>c23c13

<latexit sha1_base64="1DZByawECfz/PWfpeZMd5a+eqZw=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS5WXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcvkzWgLw==</latexit>s13
<latexit sha1_base64="KOM+PHcHrE5L9OIL0H6EYc/PwQU=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF2wptKJPppB06mYSZG2kI/Ql/wK3+gTtx6x/4A36H0zQL23pg4HDOvXMux48F1+A431ZpbX1jc6u8XdnZ3ds/sA+P2jpKFGUtGolIPfpEM8ElawEHwR5jxUjoC9bxx7czv/PElOaRfIA0Zl5IhpIHnBIwUt+u9oBNIP8noymR08yZ9u2aU3dy4FXiFqSGCjT79k9vENEkZBKoIFp3XScGLyMKOBVsWuklmsWEjsmQdQ2VJGTay/LQKT41ygAHkTJPAs7VvxsZCbVOQ99MhgRGetmbif953QSCay/jMk6ASToPChKBIcKzJvCAK0ZBpIYQqri5FdMRUYSC6WshZTI/tWKKcZdrWCXt87p7WXfuL2qNm6KiMjpGJ+gMuegKNdAdaqIWoihFL+gVvVnP1rv1YX3OR0tWsVNFC7C+fgF/WZ3/</latexit>

0

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



￼μ → eγ

<latexit sha1_base64="TKSbTQDOSjpm7wr85iRBN4Iv26I="></latexit>

Br(µ ! e�) < 4.2⇥ 10�13

<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="uuG6YK/1tNDw/i2uy++dAzp2Hf8=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS4mXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcveVWgHw==</latexit>c13

<latexit sha1_base64="lMeC1/EbP4Serh4rKfX1Uz8C6Ws=">AAACHHicbVDLSsNAFJ3UV62vqksXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE2zsK0HZjicc18cL+RMgWV9G7mV1bX1jfxmYWt7Z3evuH/QVEEkCW2QgAey7WFFORO0AQw4bYeSYt/jtOWNbqd+65FKxQLxAJOQOj4eCNZnBIOW3OJxF+gY0jkxmWCRxOfKjSvVRP92NUncYskqWynMZWJnpIQy1N3iT7cXkMinAgjHSnVsKwQnxhIY4TQpdCNFQ0xGeEA7mgrsU+XE6QGJeaqVntkPpH4CzFT92xFjX6mJ7+lKH8NQLXpT8T+vE0H/2omZCCOggswW9SNuQmBOUzF7TFICfKIJJpLpW00yxBIT0NnNbRnPTi3oYOzFGJZJs1K2L8vW/UWpdpNFlEdH6ASdIRtdoRq6Q3XUQAQ9oRf0it6MZ+Pd+DA+Z6U5I+s5RHMwvn4BphSi0Q==</latexit>�s23s13
<latexit sha1_base64="5RkSGBiCShXIc1syGuSbCCHp4og=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE27sK0HBg7n3Dv3cPyIMwW2/W3kVlbX1jfym4Wt7Z3dPXP/oKHCWBJaJyEPZcvHinImaB0YcNqKJMWBz2nTH95O/OYjlYqF4gHGEXUD3BesxwgGLXnmcQfoCLJ/EjLGIk3OiZeUK6nyEqeSpp5ZtEt2BmuZODNSRDPUPPOn0w1JHFABhGOl2o4dgZtgCYxwmhY6saIRJkPcp21NBQ6ocpMsQGqdaqVr9UKpnwArU/9uJDhQahz4ejLAMFCL3kT8z2vH0Lt2EyaiGKgg00O9mFsQWpNWrC6TlAAfa4KJZDqrRQZYYgK6u7kro2nUgi7GWaxhmTTKJeeyZN9fFKs3s4ry6AidoDPkoCtURXeohuqIoCf0gl7Rm/FsvBsfxud0NGfMdg7RHIyvX4vUosE=</latexit>�c23s13

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A<latexit sha1_base64="dYd0y+z9e1FsUAXpQNnZVGudGNA=">AAACFXicbVDLSgMxFM3UV62vqhvBTbAIrspMFXVZdOOygn1AW0omzbShmcyQ3JEOw/gb/oBb/QN34ta1P+B3mE67sK0HAodz7s25HDcUXINtf1u5ldW19Y38ZmFre2d3r7h/0NBBpCir00AEquUSzQSXrA4cBGuFihHfFazpjm4nfvORKc0D+QBxyLo+GUjucUrASL3iUQfYGLJ/EhoTmSa0l1TO07RXLNllOwNeJs6MlNAMtV7xp9MPaOQzCVQQrduOHUI3IQo4FSwtdCLNQkJHZMDahkriM91NsuQUnxqlj71AmScBZ+rfjYT4Wse+ayZ9AkO96E3E/7x2BN51N+EyjIBJOg3yIoEhwJM6cJ8rRkHEhhCquLkV0yFRhIIpbS5lPD21YIpxFmtYJo1K2bks2/cXperNrKI8OkYn6Aw56ApV0R2qoTqi6Am9oFf0Zj1b79aH9TkdzVmznUM0B+vrF3rwoCA=</latexit>c23
<latexit sha1_base64="3aIJZlnI3T5zXvsFATidLasCo5M=">AAACFnicbVDLSgMxFM34rPU16krcBIvgxjJTRV0W3bisYB/QlpJJ0zY0kxmSO9JhGPwNf8Ct/oE7cevWH/A7TNtZ2NYDgcM59+ZcjhcKrsFxvq2l5ZXVtfXcRn5za3tn197br+kgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hrdjv/7IlOaBfIA4ZG2f9CXvcUrASB37sAVsBJN/EhoTmSZnupOUztO0YxecojMBXiRuRgooQ6Vj/7S6AY18JoEKonXTdUJoJ0QBp4Kl+VakWUjokPRZ01BJfKbbySQ6xSdG6eJeoMyTgCfq342E+FrHvmcmfQIDPe+Nxf+8ZgS963bCZRgBk3Qa1IsEhgCP+8BdrhgFERtCqOLmVkwHRBEKprWZlNH01Lwpxp2vYZHUSkX3sujcXxTKN1lFOXSEjtEpctEVKqM7VEFVRNETekGv6M16tt6tD+tzOrpkZTsHaAbW1y8KdaBn</latexit>�s23

<latexit sha1_base64="MI2okweOya56vuws21huA5S4MCo=">AAACG3icbVDLSsNAFJ34rPUVdSlIsAiuStKKuiy6cVnBPqANYTKdtkMnkzBzIy0hO3/DH3Crf+BO3LrwB/wOp2kWtvXAwOGce+dcjh9xpsC2v42V1bX1jc3CVnF7Z3dv3zw4bKowloQ2SMhD2faxopwJ2gAGnLYjSXHgc9ryR7dTv/VIpWKheIBJRN0ADwTrM4JBS5550gU6huyfhEywSBPlJZVqSrzEqaapZ5bssp3BWiZOTkooR90zf7q9kMQBFUA4Vqrj2BG4CZbACKdpsRsrGmEywgPa0VTggCo3yfJT60wrPasfSv0EWJn6dyPBgVKTwNeTAYahWvSm4n9eJ4b+tZswEcVABZkF9WNuQWhNS7F6TFICfKIJJpLpWy0yxBIT0NXNpYxnpxZ1Mc5iDcukWSk7l2X7/qJUu8krKqBjdIrOkYOuUA3doTpqIIKe0At6RW/Gs/FufBifs9EVI985QnMwvn4BFYSiig==</latexit>s23c13
<latexit sha1_base64="YWMOhYXR8qlaRpM9PfCxjLaJx18=">AAACG3icbVDLSgMxFM34rPVVdSlIsAiuykwr6rLoxmUF+4C2lEyaaUMzmSG5Ix2G2fkb/oBb/QN34taFP+B3mE67sK0XEg7n3HvP5bih4Bps+9taWV1b39jMbeW3d3b39gsHhw0dRIqyOg1EoFou0UxwyerAQbBWqBjxXcGa7uh2ojcfmdI8kA8Qh6zrk4HkHqcEDNUrnHSAjSHbk9CYyDShvaRcSc3vVNK0VyjaJTsrvAycGSiiWdV6hZ9OP6CRzyRQQbRuO3YI3YQo4FSwNN+JNAsJHZEBaxsoic90N8n8U3xmmD72AmWeBJyxfycS4msd+67p9AkM9aI2If/T2hF4192EyzACJunUyIsEhgBPQsF9rhgFERtAqOLmVkyHRBEKJro5l/H01LwJxlmMYRk0yiXnsmTfXxSrN7OIcugYnaJz5KArVEV3qIbqiKIn9IJe0Zv1bL1bH9bntHXFms0cobmyvn4B+zWieg==</latexit>c23c13

<latexit sha1_base64="1DZByawECfz/PWfpeZMd5a+eqZw=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS5WXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcvkzWgLw==</latexit>s13
<latexit sha1_base64="KOM+PHcHrE5L9OIL0H6EYc/PwQU=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF2wptKJPppB06mYSZG2kI/Ql/wK3+gTtx6x/4A36H0zQL23pg4HDOvXMux48F1+A431ZpbX1jc6u8XdnZ3ds/sA+P2jpKFGUtGolIPfpEM8ElawEHwR5jxUjoC9bxx7czv/PElOaRfIA0Zl5IhpIHnBIwUt+u9oBNIP8noymR08yZ9u2aU3dy4FXiFqSGCjT79k9vENEkZBKoIFp3XScGLyMKOBVsWuklmsWEjsmQdQ2VJGTay/LQKT41ygAHkTJPAs7VvxsZCbVOQ99MhgRGetmbif953QSCay/jMk6ASToPChKBIcKzJvCAK0ZBpIYQqri5FdMRUYSC6WshZTI/tWKKcZdrWCXt87p7WXfuL2qNm6KiMjpGJ+gMuegKNdAdaqIWoihFL+gVvVnP1rv1YX3OR0tWsVNFC7C+fgF/WZ3/</latexit>
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



￼μ → eγ

<latexit sha1_base64="TKSbTQDOSjpm7wr85iRBN4Iv26I="></latexit>

Br(µ ! e�) < 4.2⇥ 10�13

<latexit sha1_base64="it8HMATpALyX3J3AeOAn3BYO0MA="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="uuG6YK/1tNDw/i2uy++dAzp2Hf8=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS4mXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcveVWgHw==</latexit>c13

<latexit sha1_base64="lMeC1/EbP4Serh4rKfX1Uz8C6Ws=">AAACHHicbVDLSsNAFJ3UV62vqksXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE2zsK0HZjicc18cL+RMgWV9G7mV1bX1jfxmYWt7Z3evuH/QVEEkCW2QgAey7WFFORO0AQw4bYeSYt/jtOWNbqd+65FKxQLxAJOQOj4eCNZnBIOW3OJxF+gY0jkxmWCRxOfKjSvVRP92NUncYskqWynMZWJnpIQy1N3iT7cXkMinAgjHSnVsKwQnxhIY4TQpdCNFQ0xGeEA7mgrsU+XE6QGJeaqVntkPpH4CzFT92xFjX6mJ7+lKH8NQLXpT8T+vE0H/2omZCCOggswW9SNuQmBOUzF7TFICfKIJJpLpW00yxBIT0NnNbRnPTi3oYOzFGJZJs1K2L8vW/UWpdpNFlEdH6ASdIRtdoRq6Q3XUQAQ9oRf0it6MZ+Pd+DA+Z6U5I+s5RHMwvn4BphSi0Q==</latexit>�s23s13
<latexit sha1_base64="5RkSGBiCShXIc1syGuSbCCHp4og=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE27sK0HBg7n3Dv3cPyIMwW2/W3kVlbX1jfym4Wt7Z3dPXP/oKHCWBJaJyEPZcvHinImaB0YcNqKJMWBz2nTH95O/OYjlYqF4gHGEXUD3BesxwgGLXnmcQfoCLJ/EjLGIk3OiZeUK6nyEqeSpp5ZtEt2BmuZODNSRDPUPPOn0w1JHFABhGOl2o4dgZtgCYxwmhY6saIRJkPcp21NBQ6ocpMsQGqdaqVr9UKpnwArU/9uJDhQahz4ejLAMFCL3kT8z2vH0Lt2EyaiGKgg00O9mFsQWpNWrC6TlAAfa4KJZDqrRQZYYgK6u7kro2nUgi7GWaxhmTTKJeeyZN9fFKs3s4ry6AidoDPkoCtURXeohuqIoCf0gl7Rm/FsvBsfxud0NGfMdg7RHIyvX4vUosE=</latexit>�c23s13

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A<latexit sha1_base64="dYd0y+z9e1FsUAXpQNnZVGudGNA=">AAACFXicbVDLSgMxFM3UV62vqhvBTbAIrspMFXVZdOOygn1AW0omzbShmcyQ3JEOw/gb/oBb/QN34ta1P+B3mE67sK0HAodz7s25HDcUXINtf1u5ldW19Y38ZmFre2d3r7h/0NBBpCir00AEquUSzQSXrA4cBGuFihHfFazpjm4nfvORKc0D+QBxyLo+GUjucUrASL3iUQfYGLJ/EhoTmSa0l1TO07RXLNllOwNeJs6MlNAMtV7xp9MPaOQzCVQQrduOHUI3IQo4FSwtdCLNQkJHZMDahkriM91NsuQUnxqlj71AmScBZ+rfjYT4Wse+ayZ9AkO96E3E/7x2BN51N+EyjIBJOg3yIoEhwJM6cJ8rRkHEhhCquLkV0yFRhIIpbS5lPD21YIpxFmtYJo1K2bks2/cXperNrKI8OkYn6Aw56ApV0R2qoTqi6Am9oFf0Zj1b79aH9TkdzVmznUM0B+vrF3rwoCA=</latexit>c23
<latexit sha1_base64="3aIJZlnI3T5zXvsFATidLasCo5M=">AAACFnicbVDLSgMxFM34rPU16krcBIvgxjJTRV0W3bisYB/QlpJJ0zY0kxmSO9JhGPwNf8Ct/oE7cevWH/A7TNtZ2NYDgcM59+ZcjhcKrsFxvq2l5ZXVtfXcRn5za3tn197br+kgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hrdjv/7IlOaBfIA4ZG2f9CXvcUrASB37sAVsBJN/EhoTmSZnupOUztO0YxecojMBXiRuRgooQ6Vj/7S6AY18JoEKonXTdUJoJ0QBp4Kl+VakWUjokPRZ01BJfKbbySQ6xSdG6eJeoMyTgCfq342E+FrHvmcmfQIDPe+Nxf+8ZgS963bCZRgBk3Qa1IsEhgCP+8BdrhgFERtCqOLmVkwHRBEKprWZlNH01Lwpxp2vYZHUSkX3sujcXxTKN1lFOXSEjtEpctEVKqM7VEFVRNETekGv6M16tt6tD+tzOrpkZTsHaAbW1y8KdaBn</latexit>�s23

<latexit sha1_base64="MI2okweOya56vuws21huA5S4MCo=">AAACG3icbVDLSsNAFJ34rPUVdSlIsAiuStKKuiy6cVnBPqANYTKdtkMnkzBzIy0hO3/DH3Crf+BO3LrwB/wOp2kWtvXAwOGce+dcjh9xpsC2v42V1bX1jc3CVnF7Z3dv3zw4bKowloQ2SMhD2faxopwJ2gAGnLYjSXHgc9ryR7dTv/VIpWKheIBJRN0ADwTrM4JBS5550gU6huyfhEywSBPlJZVqSrzEqaapZ5bssp3BWiZOTkooR90zf7q9kMQBFUA4Vqrj2BG4CZbACKdpsRsrGmEywgPa0VTggCo3yfJT60wrPasfSv0EWJn6dyPBgVKTwNeTAYahWvSm4n9eJ4b+tZswEcVABZkF9WNuQWhNS7F6TFICfKIJJpLpWy0yxBIT0NXNpYxnpxZ1Mc5iDcukWSk7l2X7/qJUu8krKqBjdIrOkYOuUA3doTpqIIKe0At6RW/Gs/FufBifs9EVI985QnMwvn4BFYSiig==</latexit>s23c13
<latexit sha1_base64="YWMOhYXR8qlaRpM9PfCxjLaJx18=">AAACG3icbVDLSgMxFM34rPVVdSlIsAiuykwr6rLoxmUF+4C2lEyaaUMzmSG5Ix2G2fkb/oBb/QN34taFP+B3mE67sK0XEg7n3HvP5bih4Bps+9taWV1b39jMbeW3d3b39gsHhw0dRIqyOg1EoFou0UxwyerAQbBWqBjxXcGa7uh2ojcfmdI8kA8Qh6zrk4HkHqcEDNUrnHSAjSHbk9CYyDShvaRcSc3vVNK0VyjaJTsrvAycGSiiWdV6hZ9OP6CRzyRQQbRuO3YI3YQo4FSwNN+JNAsJHZEBaxsoic90N8n8U3xmmD72AmWeBJyxfycS4msd+67p9AkM9aI2If/T2hF4192EyzACJunUyIsEhgBPQsF9rhgFERtAqOLmVkyHRBEKJro5l/H01LwJxlmMYRk0yiXnsmTfXxSrN7OIcugYnaJz5KArVEV3qIbqiKIn9IJe0Zv1bL1bH9bntHXFms0cobmyvn4B+zWieg==</latexit>c23c13

<latexit sha1_base64="1DZByawECfz/PWfpeZMd5a+eqZw=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS5WXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcvkzWgLw==</latexit>s13
<latexit sha1_base64="KOM+PHcHrE5L9OIL0H6EYc/PwQU=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF2wptKJPppB06mYSZG2kI/Ql/wK3+gTtx6x/4A36H0zQL23pg4HDOvXMux48F1+A431ZpbX1jc6u8XdnZ3ds/sA+P2jpKFGUtGolIPfpEM8ElawEHwR5jxUjoC9bxx7czv/PElOaRfIA0Zl5IhpIHnBIwUt+u9oBNIP8noymR08yZ9u2aU3dy4FXiFqSGCjT79k9vENEkZBKoIFp3XScGLyMKOBVsWuklmsWEjsmQdQ2VJGTay/LQKT41ygAHkTJPAs7VvxsZCbVOQ99MhgRGetmbif953QSCay/jMk6ASToPChKBIcKzJvCAK0ZBpIYQqri5FdMRUYSC6WshZTI/tWKKcZdrWCXt87p7WXfuL2qNm6KiMjpGJ+gMuegKNdAdaqIWoihFL+gVvVnP1rv1YX3OR0tWsVNFC7C+fgF/WZ3/</latexit>
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<latexit sha1_base64="WULoccxXpkyBepsL6v1FNjz+kpA="></latexit>s����(V ⇤
c )
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
V 32
c � mµ

mb
(V ⇤)32

����� < 0.011

✓
M�4 | sin�|
10 GeV

◆

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="IljteBCaSbxizaSg7a5AyzJ66ps=">AAACK3icbVDLTsJAFJ3iC/FVdemmkZi4Ii0h6pLoxiUm8kgAyXS4wITptJm5NZCmf+Fv+ANu9Q9cadzqdzg8FgKeZJKTc+6dc3P8SHCNrvthZdbWNza3stu5nd29/QP78Kimw1gxqLJQhKrhUw2CS6giRwGNSAENfAF1f3gz8euPoDQP5T2OI2gHtC95jzOKRurYBdYpPSQthBFOP0tCRWUf0mSY/hERqEiTYpp27LxbcKdwVok3J3kyR6Vj/7S6IYsDkMgE1brpuRG2E6qQMwFprhVriCgb0j40DZU0AN1Opqmpc2aUrtMLlXkSnan6dyOhgdbjwDeTAcWBXvYm4n9eM8beVTvhMooRJJsF9WLhYOhMSnK6XAFDMTaEMsXNrQ4bUEUZmioXUkazU3OmGG+5hlVSKxa8i4J7V8qXr+cVZckJOSXnxCOXpExuSYVUCSNP5IW8kjfr2Xq3Pq2v2WjGmu8ckwVY37/2jqpt</latexit>

ck24
<latexit sha1_base64="Zk1aY1lJ/V+y9YuQHatHC42RyTM=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNBmkcyICFWnipWnbzrsFdwJnlXgzkiczlNv2b7MTsjgAiUxQrRueG2EroQo5E5DmmrGGiLIB7UHDUEkD0K1kkpo6Z0bpON1QmSfRmajzGwkNtB4FvpkMKPb1sjcW//MaMXavWwmXUYwg2TSoGwsHQ2dcktPhChiKkSGUKW5udVifKsrQVLmQMpyemjPFeMs1rJLqRcG7LLj3xXzpZlZRlpyQU3JOPHJFSuSOlEmFMPJMXskbebderA/ry/qejmas2c4xWYD18wf09Kps</latexit>

ck14

<latexit sha1_base64="N69OWMOSFFSdIR3wI8A2lFNPMEU=">AAACNnicbVDJSgNBEO1xjXGLevTSGFxOYUZFPYpevAgRzAKZEHo6FdOkp2forhHDMF/lxe/wlosHRbz6CXaWQzQ+aHi8elVd9YJYCoOuO3Dm5hcWl5ZzK/nVtfWNzcLWdtVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB73pYrz2CNiJS99iPoRmyByU6gjO0Uqtwe+AjPOFoUKqhnaW8lXrHmY8R9SE2QkYq8/38jM1Y20lGp32HWatQdEvuCHSWeBNSJBOUW4VXvx3xJASFXDJjGp4bYzNlGgWXkOX9xEDMeI89QMNSxUIwzXS0Rkb3rdKmnUjbp5CO1OmOlIXG9MPAOkOGXfO3NhT/qzUS7Fw0U6HiBEHx8UedRFJ76zBD2hYaOMq+JYxrYXelvMs042iTztsQvL8nz5Lqcck7K7l3p8XLq0kcObJL9sgR8cg5uSQ3pEwqhJNnMiDv5MN5cd6cT+drbJ1zJj075Bec7x+ArK2S</latexit>c12 ! ✏

s13 ! ✏0



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

Fixing the textures: ￼μ → eγ

<latexit sha1_base64="TKSbTQDOSjpm7wr85iRBN4Iv26I="></latexit>

Br(µ ! e�) < 4.2⇥ 10�13
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<latexit sha1_base64="WULoccxXpkyBepsL6v1FNjz+kpA="></latexit>s����(V ⇤
c )
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
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c � mµ

mb
(V ⇤)32

����� < 0.011

✓
M�4 | sin�|
10 GeV

◆

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="IljteBCaSbxizaSg7a5AyzJ66ps=">AAACK3icbVDLTsJAFJ3iC/FVdemmkZi4Ii0h6pLoxiUm8kgAyXS4wITptJm5NZCmf+Fv+ANu9Q9cadzqdzg8FgKeZJKTc+6dc3P8SHCNrvthZdbWNza3stu5nd29/QP78Kimw1gxqLJQhKrhUw2CS6giRwGNSAENfAF1f3gz8euPoDQP5T2OI2gHtC95jzOKRurYBdYpPSQthBFOP0tCRWUf0mSY/hERqEiTYpp27LxbcKdwVok3J3kyR6Vj/7S6IYsDkMgE1brpuRG2E6qQMwFprhVriCgb0j40DZU0AN1Opqmpc2aUrtMLlXkSnan6dyOhgdbjwDeTAcWBXvYm4n9eM8beVTvhMooRJJsF9WLhYOhMSnK6XAFDMTaEMsXNrQ4bUEUZmioXUkazU3OmGG+5hlVSKxa8i4J7V8qXr+cVZckJOSXnxCOXpExuSYVUCSNP5IW8kjfr2Xq3Pq2v2WjGmu8ckwVY37/2jqpt</latexit>

ck24
<latexit sha1_base64="Zk1aY1lJ/V+y9YuQHatHC42RyTM=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNBmkcyICFWnipWnbzrsFdwJnlXgzkiczlNv2b7MTsjgAiUxQrRueG2EroQo5E5DmmrGGiLIB7UHDUEkD0K1kkpo6Z0bpON1QmSfRmajzGwkNtB4FvpkMKPb1sjcW//MaMXavWwmXUYwg2TSoGwsHQ2dcktPhChiKkSGUKW5udVifKsrQVLmQMpyemjPFeMs1rJLqRcG7LLj3xXzpZlZRlpyQU3JOPHJFSuSOlEmFMPJMXskbebderA/ry/qejmas2c4xWYD18wf09Kps</latexit>

ck14

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="uuG6YK/1tNDw/i2uy++dAzp2Hf8=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS4mXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcveVWgHw==</latexit>c13

<latexit sha1_base64="lMeC1/EbP4Serh4rKfX1Uz8C6Ws=">AAACHHicbVDLSsNAFJ3UV62vqksXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE2zsK0HZjicc18cL+RMgWV9G7mV1bX1jfxmYWt7Z3evuH/QVEEkCW2QgAey7WFFORO0AQw4bYeSYt/jtOWNbqd+65FKxQLxAJOQOj4eCNZnBIOW3OJxF+gY0jkxmWCRxOfKjSvVRP92NUncYskqWynMZWJnpIQy1N3iT7cXkMinAgjHSnVsKwQnxhIY4TQpdCNFQ0xGeEA7mgrsU+XE6QGJeaqVntkPpH4CzFT92xFjX6mJ7+lKH8NQLXpT8T+vE0H/2omZCCOggswW9SNuQmBOUzF7TFICfKIJJpLpW00yxBIT0NnNbRnPTi3oYOzFGJZJs1K2L8vW/UWpdpNFlEdH6ASdIRtdoRq6Q3XUQAQ9oRf0it6MZ+Pd+DA+Z6U5I+s5RHMwvn4BphSi0Q==</latexit>�s23s13
<latexit sha1_base64="5RkSGBiCShXIc1syGuSbCCHp4og=">AAACHHicbVDLSsNAFJ3UV62vqEsXBovgxpK0oi6LblxWsA9oQ5hMp+3QySTM3EhLyNLf8Afc6h+4E7eCP+B3OE27sK0HBg7n3Dv3cPyIMwW2/W3kVlbX1jfym4Wt7Z3dPXP/oKHCWBJaJyEPZcvHinImaB0YcNqKJMWBz2nTH95O/OYjlYqF4gHGEXUD3BesxwgGLXnmcQfoCLJ/EjLGIk3OiZeUK6nyEqeSpp5ZtEt2BmuZODNSRDPUPPOn0w1JHFABhGOl2o4dgZtgCYxwmhY6saIRJkPcp21NBQ6ocpMsQGqdaqVr9UKpnwArU/9uJDhQahz4ejLAMFCL3kT8z2vH0Lt2EyaiGKgg00O9mFsQWpNWrC6TlAAfa4KJZDqrRQZYYgK6u7kro2nUgi7GWaxhmTTKJeeyZN9fFKs3s4ry6AidoDPkoCtURXeohuqIoCf0gl7Rm/FsvBsfxud0NGfMdg7RHIyvX4vUosE=</latexit>�c23s13

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A<latexit sha1_base64="dYd0y+z9e1FsUAXpQNnZVGudGNA=">AAACFXicbVDLSgMxFM3UV62vqhvBTbAIrspMFXVZdOOygn1AW0omzbShmcyQ3JEOw/gb/oBb/QN34ta1P+B3mE67sK0HAodz7s25HDcUXINtf1u5ldW19Y38ZmFre2d3r7h/0NBBpCir00AEquUSzQSXrA4cBGuFihHfFazpjm4nfvORKc0D+QBxyLo+GUjucUrASL3iUQfYGLJ/EhoTmSa0l1TO07RXLNllOwNeJs6MlNAMtV7xp9MPaOQzCVQQrduOHUI3IQo4FSwtdCLNQkJHZMDahkriM91NsuQUnxqlj71AmScBZ+rfjYT4Wse+ayZ9AkO96E3E/7x2BN51N+EyjIBJOg3yIoEhwJM6cJ8rRkHEhhCquLkV0yFRhIIpbS5lPD21YIpxFmtYJo1K2bks2/cXperNrKI8OkYn6Aw56ApV0R2qoTqi6Am9oFf0Zj1b79aH9TkdzVmznUM0B+vrF3rwoCA=</latexit>c23
<latexit sha1_base64="3aIJZlnI3T5zXvsFATidLasCo5M=">AAACFnicbVDLSgMxFM34rPU16krcBIvgxjJTRV0W3bisYB/QlpJJ0zY0kxmSO9JhGPwNf8Ct/oE7cevWH/A7TNtZ2NYDgcM59+ZcjhcKrsFxvq2l5ZXVtfXcRn5za3tn197br+kgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hrdjv/7IlOaBfIA4ZG2f9CXvcUrASB37sAVsBJN/EhoTmSZnupOUztO0YxecojMBXiRuRgooQ6Vj/7S6AY18JoEKonXTdUJoJ0QBp4Kl+VakWUjokPRZ01BJfKbbySQ6xSdG6eJeoMyTgCfq342E+FrHvmcmfQIDPe+Nxf+8ZgS963bCZRgBk3Qa1IsEhgCP+8BdrhgFERtCqOLmVkwHRBEKprWZlNH01Lwpxp2vYZHUSkX3sujcXxTKN1lFOXSEjtEpctEVKqM7VEFVRNETekGv6M16tt6tD+tzOrpkZTsHaAbW1y8KdaBn</latexit>�s23

<latexit sha1_base64="MI2okweOya56vuws21huA5S4MCo=">AAACG3icbVDLSsNAFJ34rPUVdSlIsAiuStKKuiy6cVnBPqANYTKdtkMnkzBzIy0hO3/DH3Crf+BO3LrwB/wOp2kWtvXAwOGce+dcjh9xpsC2v42V1bX1jc3CVnF7Z3dv3zw4bKowloQ2SMhD2faxopwJ2gAGnLYjSXHgc9ryR7dTv/VIpWKheIBJRN0ADwTrM4JBS5550gU6huyfhEywSBPlJZVqSrzEqaapZ5bssp3BWiZOTkooR90zf7q9kMQBFUA4Vqrj2BG4CZbACKdpsRsrGmEywgPa0VTggCo3yfJT60wrPasfSv0EWJn6dyPBgVKTwNeTAYahWvSm4n9eJ4b+tZswEcVABZkF9WNuQWhNS7F6TFICfKIJJpLpWy0yxBIT0NXNpYxnpxZ1Mc5iDcukWSk7l2X7/qJUu8krKqBjdIrOkYOuUA3doTpqIIKe0At6RW/Gs/FufBifs9EVI985QnMwvn4BFYSiig==</latexit>s23c13
<latexit sha1_base64="YWMOhYXR8qlaRpM9PfCxjLaJx18=">AAACG3icbVDLSgMxFM34rPVVdSlIsAiuykwr6rLoxmUF+4C2lEyaaUMzmSG5Ix2G2fkb/oBb/QN34taFP+B3mE67sK0XEg7n3HvP5bih4Bps+9taWV1b39jMbeW3d3b39gsHhw0dRIqyOg1EoFou0UxwyerAQbBWqBjxXcGa7uh2ojcfmdI8kA8Qh6zrk4HkHqcEDNUrnHSAjSHbk9CYyDShvaRcSc3vVNK0VyjaJTsrvAycGSiiWdV6hZ9OP6CRzyRQQbRuO3YI3YQo4FSwNN+JNAsJHZEBaxsoic90N8n8U3xmmD72AmWeBJyxfycS4msd+67p9AkM9aI2If/T2hF4192EyzACJunUyIsEhgBPQsF9rhgFERtAqOLmVkyHRBEKJro5l/H01LwJxlmMYRk0yiXnsmTfXxSrN7OIcugYnaJz5KArVEV3qIbqiKIn9IJe0Zv1bL1bH9bntHXFms0cobmyvn4B+zWieg==</latexit>c23c13

<latexit sha1_base64="1DZByawECfz/PWfpeZMd5a+eqZw=">AAACFXicbVDLSsNAFJ34rPUVdSO4CRbBVUlU1GXRjcsK9gFtCJPptB06mYSZG2kI8Tf8Abf6B+7ErWt/wO9wmmZhWw8MHM65d87l+BFnCmz721haXlldWy9tlDe3tnd2zb39pgpjSWiDhDyUbR8rypmgDWDAaTuSFAc+py1/dDvxW49UKhaKB0gi6gZ4IFifEQxa8szDLtAx5P+kJMEiS5WXOudZ5pkVu2rnsBaJU5AKKlD3zJ9uLyRxQAUQjpXqOHYEboolMMJpVu7GikaYjPCAdjQVOKDKTfPkzDrRSs/qh1I/AVau/t1IcaBUEvh6MsAwVPPeRPzP68TQv3ZTJqIYqCDToH7MLQitSR1Wj0lKgCeaYCKZvtUiQywxAV3aTMp4empZF+PM17BImmdV57Jq319UajdFRSV0hI7RKXLQFaqhO1RHDUTQE3pBr+jNeDbejQ/jczq6ZBQ7B2gGxtcvkzWgLw==</latexit>s13
<latexit sha1_base64="KOM+PHcHrE5L9OIL0H6EYc/PwQU=">AAACEHicbVDLSsNAFJ3UV62vaJduBovgqiQi6rLoxmUF2wptKJPppB06mYSZG2kI/Ql/wK3+gTtx6x/4A36H0zQL23pg4HDOvXMux48F1+A431ZpbX1jc6u8XdnZ3ds/sA+P2jpKFGUtGolIPfpEM8ElawEHwR5jxUjoC9bxx7czv/PElOaRfIA0Zl5IhpIHnBIwUt+u9oBNIP8noymR08yZ9u2aU3dy4FXiFqSGCjT79k9vENEkZBKoIFp3XScGLyMKOBVsWuklmsWEjsmQdQ2VJGTay/LQKT41ygAHkTJPAs7VvxsZCbVOQ99MhgRGetmbif953QSCay/jMk6ASToPChKBIcKzJvCAK0ZBpIYQqri5FdMRUYSC6WshZTI/tWKKcZdrWCXt87p7WXfuL2qNm6KiMjpGJ+gMuegKNdAdaqIWoihFL+gVvVnP1rv1YX3OR0tWsVNFC7C+fgF/WZ3/</latexit>

0



￼μ → eγ

<latexit sha1_base64="TKSbTQDOSjpm7wr85iRBN4Iv26I="></latexit>

Br(µ ! e�) < 4.2⇥ 10�13
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<latexit sha1_base64="WULoccxXpkyBepsL6v1FNjz+kpA="></latexit>s����(V ⇤
c )

31


V 32
c � mµ

mb
(V ⇤)32

����� < 0.011

✓
M�4 | sin�|
10 GeV

◆

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A
<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0

<latexit sha1_base64="IljteBCaSbxizaSg7a5AyzJ66ps=">AAACK3icbVDLTsJAFJ3iC/FVdemmkZi4Ii0h6pLoxiUm8kgAyXS4wITptJm5NZCmf+Fv+ANu9Q9cadzqdzg8FgKeZJKTc+6dc3P8SHCNrvthZdbWNza3stu5nd29/QP78Kimw1gxqLJQhKrhUw2CS6giRwGNSAENfAF1f3gz8euPoDQP5T2OI2gHtC95jzOKRurYBdYpPSQthBFOP0tCRWUf0mSY/hERqEiTYpp27LxbcKdwVok3J3kyR6Vj/7S6IYsDkMgE1brpuRG2E6qQMwFprhVriCgb0j40DZU0AN1Opqmpc2aUrtMLlXkSnan6dyOhgdbjwDeTAcWBXvYm4n9eM8beVTvhMooRJJsF9WLhYOhMSnK6XAFDMTaEMsXNrQ4bUEUZmioXUkazU3OmGG+5hlVSKxa8i4J7V8qXr+cVZckJOSXnxCOXpExuSYVUCSNP5IW8kjfr2Xq3Pq2v2WjGmu8ckwVY37/2jqpt</latexit>

ck24
<latexit sha1_base64="Zk1aY1lJ/V+y9YuQHatHC42RyTM=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNBmkcyICFWnipWnbzrsFdwJnlXgzkiczlNv2b7MTsjgAiUxQrRueG2EroQo5E5DmmrGGiLIB7UHDUEkD0K1kkpo6Z0bpON1QmSfRmajzGwkNtB4FvpkMKPb1sjcW//MaMXavWwmXUYwg2TSoGwsHQ2dcktPhChiKkSGUKW5udVifKsrQVLmQMpyemjPFeMs1rJLqRcG7LLj3xXzpZlZRlpyQU3JOPHJFSuSOlEmFMPJMXskbebderA/ry/qejmas2c4xWYD18wf09Kps</latexit>

ck14

Unpopular Opinion



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13
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c )

21 ms(V ⇤
c )
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c )
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c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

Fixing the textures

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>
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<latexit sha1_base64="/gJZgZUbEDQXqudvcogvqYmxyWA="></latexit>

C9ee(= C10ee) / (GF )
�1ms mb

v2
(V ⇤

c )
21V 31

c

M2
�4

sin2 �

<latexit sha1_base64="BUXc2zhDwmmf6zOb4BFIbrle12E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBi8uulOqx6MVjBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8e3Mbz9RpVksH8wkoYHAQ8kiRrCx0mNPM4EufLfaL1c815sDrRI/JxXI0eiXv3qDmKSCSkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUSC6qDbH7wFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8bmqi6yBjMkkNlWSxKEo5MjGafY8GTFFi+MQSTBSztyIywgoTYzMq2RD85ZdXSevS9Wuud1+t1G/yOIpwAqdwDj5cQR3uoAFNICDgGV7hzVHOi/PufCxaC04+cwx/4Hz+ADdpj14=</latexit>⇠ �1.4



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>
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<latexit sha1_base64="VtksSgU8zgEvR3yi1Ag593FmUVg="></latexit>

C9ee(= C10ee) / (GF )
�1msmb

v2
sin 2✓c

M2
�4

sin2 �

<latexit sha1_base64="zKji4pjiegjEz18mslpdWIOdpUY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpBIUZdFNy4r2Ac0oUym03boPMLMRAih/oobF4q49UPc+TdO2yy09cCFwzn3cu89ccKoNr7/7ZTW1jc2t8rblZ3dvf0D9/CorWWqMGlhyaTqxkgTRgVpGWoY6SaKIB4z0okntzO/80iUplI8mCwhEUcjQYcUI2OlvlsNNeUwTMZIGMnz82ng1ftuzff8OeAqCQpSAwWaffcrHEicciIMZkjrXuAnJsqRMhQzMq2EqSYJwhM0Ij1LBeJER/n8+Ck8tcoADqWyJQycq78ncsS1znhsOzkyY73szcT/vF5qhtdRTkWSGiLwYtEwZdBIOEsCDqgi2LDMEoQVtbdCPEYKYWPzqtgQguWXV0n7wgsuPf++XmvcFHGUwTE4AWcgAFegAe5AE7QABhl4Bq/gzXlyXpx352PRWnKKmSr4A+fzB9iglD4=</latexit>⇠ 1.4

Fixing the textures



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="RKVC4dr3vwh/QFoC8awyOwJSqmw="></latexit>

sin 2✓c
sin2 �M2

�4

' 1

1174 GeV2

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
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C9ee

0.6

0.7

0.8

0.9

1.0

R
i

Rhigh
K

Rlow
K§

Rhigh
K§

<latexit sha1_base64="VtksSgU8zgEvR3yi1Ag593FmUVg="></latexit>

C9ee(= C10ee) / (GF )
�1msmb

v2
sin 2✓c

M2
�4

sin2 �

<latexit sha1_base64="zKji4pjiegjEz18mslpdWIOdpUY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpBIUZdFNy4r2Ac0oUym03boPMLMRAih/oobF4q49UPc+TdO2yy09cCFwzn3cu89ccKoNr7/7ZTW1jc2t8rblZ3dvf0D9/CorWWqMGlhyaTqxkgTRgVpGWoY6SaKIB4z0okntzO/80iUplI8mCwhEUcjQYcUI2OlvlsNNeUwTMZIGMnz82ng1ftuzff8OeAqCQpSAwWaffcrHEicciIMZkjrXuAnJsqRMhQzMq2EqSYJwhM0Ij1LBeJER/n8+Ck8tcoADqWyJQycq78ncsS1znhsOzkyY73szcT/vF5qhtdRTkWSGiLwYtEwZdBIOEsCDqgi2LDMEoQVtbdCPEYKYWPzqtgQguWXV0n7wgsuPf++XmvcFHGUwTE4AWcgAFegAe5AE7QABhl4Bq/gzXlyXpx352PRWnKKmSr4A+fzB9iglD4=</latexit>⇠ 1.4

Fixing the textures



Factorization
10

PREDICTIONS



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

￼τ → eγ
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Belle° II(50ab°1)

<latexit sha1_base64="YoX870IPeJk9KrcLoEisU9TbqIY="></latexit>
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<latexit sha1_base64="SQR4b8xPZtogLs/8KfS6GA/KQJo=">AAACE3icbVDLSsNAFJ3UV62vquDGTbAIrkoioi6LblxWsA9oSplMb9qhk0mYuZGW2M/wB9zqH7gTt36AP+B3OE27sK0HBg7n3DvncvxYcI2O823lVlbX1jfym4Wt7Z3dveL+QV1HiWJQY5GIVNOnGgSXUEOOApqxAhr6Ahr+4HbiNx5BaR7JBxzF0A5pT/KAM4pG6hSPPIQhZv+kCFSMUw9pMu4US07ZyWAvE3dGSmSGaqf443UjloQgkQmqdct1YmynVCFnAsYFL9EQUzagPWgZKmkIup1muWP71ChdO4iUeRLtTP27kdJQ61Hom8mQYl8vehPxP6+VYHDdTrmMEwTJpkFBImyM7EkZdpcrYChGhlCmuLnVZn2qKENT2VzKcHpqwRTjLtawTOrnZfey7NxflCo3s4ry5JickDPikitSIXekSmqEkSfyQl7Jm/VsvVsf1ud0NGfNdg7JHKyvX1Uqn44=</latexit>⌧ <latexit sha1_base64="X363C4B2uMHBNcioD0WIgoi4ETE=">AAACEHicbVDLSsNAFJ3UV62vaJdugkVwVRIRdVl047KCbYU2lMn0ph06eTBzIw2hP+EPuNU/cCdu/QN/wO9wmmZhWw8MHM65d87leLHgCm372yitrW9sbpW3Kzu7e/sH5uFRW0WJZNBikYjko0cVCB5CCzkKeIwl0MAT0PHGtzO/8wRS8Sh8wDQGN6DDkPucUdRS36z2ECaY/5MhUDHNYNo3a3bdzmGtEqcgNVKg2Td/eoOIJQGEyARVquvYMboZlciZgGmllyiIKRvTIXQ1DWkAys3y0Kl1qpWB5UdSvxCtXP27kdFAqTTw9GRAcaSWvZn4n9dN0L92Mx7GCULI5kF+IiyMrFkT1oBLYChSTSiTXN9qsRGVlKHuayFlMj+1ootxlmtYJe3zunNZt+8vao2boqIyOSYn5Iw45Io0yB1pkhZhJCUv5JW8Gc/Gu/FhfM5HS0axUyULML5+AcwFni8=</latexit>e
<latexit sha1_base64="Zk1aY1lJ/V+y9YuQHatHC42RyTM=">AAACK3icbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSE/IW/4Q+41T9wpbjV73D6WPThgYHDOffOuRw/Elyj635ambX1jc2t7HZuZ3dv/8A+PKrqMFYMKiwUoar7VIPgEirIUUA9UkADX0DNH9yO/doTKM1D+YCjCFoB7Une5Yyikdp2gbWLj0kTYYiTz5JQUdmDNBmkcyICFWnipWnbzrsFdwJnlXgzkiczlNv2b7MTsjgAiUxQrRueG2EroQo5E5DmmrGGiLIB7UHDUEkD0K1kkpo6Z0bpON1QmSfRmajzGwkNtB4FvpkMKPb1sjcW//MaMXavWwmXUYwg2TSoGwsHQ2dcktPhChiKkSGUKW5udVifKsrQVLmQMpyemjPFeMs1rJLqRcG7LLj3xXzpZlZRlpyQU3JOPHJFSuSOlEmFMPJMXskbebderA/ry/qejmas2c4xWYD18wf09Kps</latexit>

ck14
<latexit sha1_base64="9Cpj5wk3ZpQYm2HR4x3+EnAc+9g=">AAACFHicbVDLSsNAFJ34rPVVdeHCTbAIrkoioi6LblxWsA9oQ5hMb9uhk0mYuZGWkN/wB9zqH7gTt+79Ab/DadqFbT0wcDjn3jmXE8SCa3Scb2tldW19Y7OwVdze2d3bLx0cNnSUKAZ1FolItQKqQXAJdeQooBUroGEgoBkM7yZ+8wmU5pF8xHEMXkj7kvc4o2gkv3TcQRhh/k8aKSr7kKWJP8z8UtmpODnsZeLOSJnMUPNLP51uxJIQJDJBtW67ToxeShVyJiArdhINMWVD2oe2oZKGoL00D87sM6N07V6kzJNo5+rfjZSGWo/DwEyGFAd60ZuI/3ntBHs3XsplnCBINg3qJcLGyJ60YXe5AoZibAhliptbbTagijI0nc2ljKanFk0x7mINy6RxUXGvKs7DZbl6O6uoQE7IKTknLrkmVXJPaqROGMnIC3klb9az9W59WJ/T0RVrtnNE5mB9/QI02qAH</latexit>uk

<latexit sha1_base64="+c822DKbB1FodnssT0ZtaWgxhYo=">AAACK3icbVDLTsJAFJ36RHyhLt00EhNXpFWiLoluXGIijwSQTIcLTJhOm5lbA2n6F/6GP+BW/8CVxq1+h0NhwcOTTHJyzr1zbo4XCq7RcT6tldW19Y3NzFZ2e2d3bz93cFjVQaQYVFggAlX3qAbBJVSQo4B6qID6noCaN7gd+7UnUJoH8gFHIbR82pO8yxlFI7VzBdYuPsZNhCGmn8WBorIHSTxIZkQEKpL4IknaubxTcFLYy8SdkjyZotzO/TY7AYt8kMgE1brhOiG2YqqQMwFJthlpCCkb0B40DJXUB92K09TEPjVKx+4GyjyJdqrObsTU13rke2bSp9jXi95Y/M9rRNi9bsVchhGCZJOgbiRsDOxxSXaHK2AoRoZQpri51WZ9qihDU+VcynByatYU4y7WsEyq5wX3suDcF/Olm2lFGXJMTsgZcckVKZE7UiYVwsgzeSVv5N16sT6sL+t7MrpiTXeOyBysnz/4KKpu</latexit>

ck34

<latexit sha1_base64="RKVC4dr3vwh/QFoC8awyOwJSqmw="></latexit>

sin 2✓c
sin2 �M2

�4

' 1

1174 GeV2

<latexit sha1_base64="nKMqsCobfSDDhP00O0p8fUAGzDw="></latexit>

Br(⌧ ! e�)exp < 3.3⇥ 10�8 [BaBar, 2009]



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

Meson mixing
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<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A

<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="wudTcgDDlyIyxlPR2WieNrjQp0Y="></latexit>

M�4 . 0.81 TeV

����
sin 2✓c
sin 2✓

����
<latexit sha1_base64="mX0Mt08+QplzLRUEVge2ST1Lly8="></latexit>

K - K̄ /
�
c234 (c134 )⇤

�2

<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>
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⇣P
`(c
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µ
PR qj)

qi

q̄j q̄i
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` `
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M̄M
<latexit sha1_base64="CHl0htpKHCo9uya/6r8ZvyyXf3M=">AAAB/HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVl0I7hpwT6gHUomvdOGZjJDkhFLqT/gVv/Anbj1X/wBv8O0nYVtPRA4nHMv9+QEieDauO63s7K6tr6xmdvKb+/s7u0XDg7rOk4VwxqLRayaAdUouMSa4UZgM1FIo0BgIxjcTvzGIyrNY/lghgn6Ee1JHnJGjZWq951C0S25U5Bl4mWkCBkqncJPuxuzNEJpmKBatzw3Mf6IKsOZwHG+nWpMKBvQHrYslTRC7Y+mQcfk1CpdEsbKPmnIVP27MaKR1sMosJMRNX296E3E/7xWasJrf8RlkhqUbHYoTAUxMZn8mnS5QmbE0BLKFLdZCetTRZmx3cxdeZpFzdtivMUalkn9vORdltzqRbF8k1WUg2M4gTPw4ArKcAcVqAEDhBd4hTfn2Xl3PpzP2eiKk+0cwRycr1/GepVa</latexit>

K
<latexit sha1_base64="cHNsUUQLxxweRGpvm9PV6n+PslY=">AAACAXicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVl0I7ipYB/QDuVOmmljM5khyYhl6MofcKt/4E7c+iX+gN9h+ljY1gOBwzn3ck9OkAiujet+O0vLK6tr67mN/ObW9s5uYW+/puNUUValsYhVI0DNBJesargRrJEohlEgWD3oX4/8+iNTmsfy3gwS5kfYlTzkFI2Vaq0AFbltF4puyR2DLBJvSoowRaVd+Gl1YppGTBoqUOum5ybGz1AZTgUb5lupZgnSPnZZ01KJEdN+Nk47JMdW6ZAwVvZJQ8bq340MI60HUWAnIzQ9Pe+NxP+8ZmrCSz/jMkkNk3RyKEwFMTEZfZ10uGLUiIElSBW3WQntoUJqbEEzV54mUfO2GG++hkVSOy155yX37qxYvppWlINDOIIT8OACynADFagChQd4gVd4c56dd+fD+ZyMLjnTnQOYgfP1Czc1lz0=</latexit>

K̄

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4
<latexit sha1_base64="FzlJB2UqHWYeNagIM5H/xAim84w=">AAACLnicbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjT7/A3/AG3+gcmLow742c4QBcCnmSSk3PunXNzvFBwjY7zYWXW1jc2t7LbuZ3dvf2D/OFRXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oZuo3HkFpHsh7nITQ8elA8j5nFI3UzbusW36I2whjnH0WB4rKASRxKfkjIlCRxG0QIkm6+YJTdGawV4mbkgJJUe3mv9u9gEU+SGSCat1ynRA7MVXImYAk1440hJSN6ABahkrqg+7Es+DEPjNKz+4HyjyJ9kz9uxFTX+uJ75lJn+JQL3tT8T+vFWH/qhNzGUYIks2D+pGwMbCnPdk9roChmBhCmeLmVpsNqaIMTZsLKeP5qTlTjLtcwyqpl4ruRdG5Kxcq12lFWXJCTsk5ccklqZBbUiU1wsgTeSGv5M16tt6tT+trPpqx0p1jsgDr5xd+4au5</latexit>

c2`4

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄
<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s
<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4
<latexit sha1_base64="FzlJB2UqHWYeNagIM5H/xAim84w=">AAACLnicbVDLTsJAFJ3iC/GFunTTSExckZYQdUl04xITeSSAZDpcYMJ02szcGkjT7/A3/AG3+gcmLow742c4QBcCnmSSk3PunXNzvFBwjY7zYWXW1jc2t7LbuZ3dvf2D/OFRXQeRYlBjgQhU06MaBJdQQ44CmqEC6nsCGt7oZuo3HkFpHsh7nITQ8elA8j5nFI3UzbusW36I2whjnH0WB4rKASRxKfkjIlCRxG0QIkm6+YJTdGawV4mbkgJJUe3mv9u9gEU+SGSCat1ynRA7MVXImYAk1440hJSN6ABahkrqg+7Es+DEPjNKz+4HyjyJ9kz9uxFTX+uJ75lJn+JQL3tT8T+vFWH/qhNzGUYIks2D+pGwMbCnPdk9roChmBhCmeLmVpsNqaIMTZsLKeP5qTlTjLtcwyqpl4ruRdG5Kxcq12lFWXJCTsk5ccklqZBbUiU1wsgTeSGv5M16tt6tT+trPpqx0p1jsgDr5xd+4au5</latexit>

c2`4

Meson mixing

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="g2hR1IgqaTQopmhEFVNk3Bdt+1c=">AAACJXicbVDLSgNBEJz1bXxFPXoZDIIHDbsi6lH04lHBaCAbQu+kYwZnZ5eZXjEs+QV/wx/wqn/gTQRP3vwOJ4+DSSwYKKq6p5qKUiUt+f6XNzU9Mzs3v7BYWFpeWV0rrm/c2CQzAisiUYmpRmBRSY0VkqSwmhqEOFJ4G92f9/zbBzRWJvqaOinWY7jTsiUFkJMaxd39uBESZDzc4yHhI/W/zEUHdDcPrdRObSNBt1Es+WW/Dz5JgiEpsSEuG8WfsJmILEZNQoG1tcBPqZ6DISkUdgthZjEFcQ93WHNUQ4y2nvfju3zHKU3eSox7mnhf/buRQ2xtJ47cZAzUtuNeT/zPq2XUOqnnUqcZoRaDoFamOCW8Vw9vSoOCVMcREEa6W7logwFBrsSRlMfBqQVXTDBewyS5OSgHR2X/6rB0ejasaIFtsW22ywJ2zE7ZBbtkFSbYE3thr+zNe/bevQ/vczA65Q13NtkIvO9fQJKmQA==</latexit>

�m⌧ sin ✓
<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

qi

q̄j q̄i

�4

�4

` `

qj

M̄M

<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>

H
�4
�F=2 '

⇣P
`(c

qi`
4 )⇤c

qj`
4

⌘2

128⇡2M2
�4

(q̄i�µPR qj) (q̄i�
µ
PR qj)

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="wudTcgDDlyIyxlPR2WieNrjQp0Y="></latexit>

M�4 . 0.81 TeV

����
sin 2✓c
sin 2✓

����
<latexit sha1_base64="mX0Mt08+QplzLRUEVge2ST1Lly8="></latexit>

K - K̄ /
�
c234 (c134 )⇤

�2

<latexit sha1_base64="uhs6CC9uVCHUMPmooIwDWkK61bE="></latexit>

B - B̄ /
�
c334 (c134 )⇤

�2 <latexit sha1_base64="Xb2xgkLmACjaJ1zIvTvAUp/+Z2A="></latexit>

M�4 . 0.62 TeV

����
sin ✓c
sin ✓

����
<latexit sha1_base64="00U9bxb1y72FAQfWr3+xQIJkXkE=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTf9zOF9yim4IuE29GCmSGcjv/0+yEPA5AIZfMmIbnRthKmEbBJYxzzdhAxPiA9aBhqWIBmFaSZo/pqVU6tBtq+xTSVP27kbDAmFHg28mAYd8sehPxP68RY/e6lQgVxQiKT4O6saQY0kkhtCM0cJQjSxjXwt5KeZ9pxtHWNpcynJ6as8V4izUsk+p50bssuvcXhdLNrKIsOSYn5Ix45IqUyB0pkwrh5Im8kFfy5jw7786H8zkdzTiznUMyB+frFxQ6oPk=</latexit>

b̄

<latexit sha1_base64="ubwRB5q+VxbV7Ag6jKEZ8HyluSk=">AAACE3icbVBLTgJBFOzBH+IPNXHjpiMxcUVmjFGXRDcuMZFPAoT0NA/o0NMz6X5jICPH8AJu9QbujFsP4AU8h83AQsBKOqlUvdf1Un4khUHX/XYyK6tr6xvZzdzW9s7uXn7/oGrCWHOo8FCGuu4zA1IoqKBACfVIAwt8CTV/cDvxa4+gjQjVA44iaAWsp0RXcIZWauePmghDTP9JQs1UD8YJ9cftfMEtuinoMvFmpEBmKLfzP81OyOMAFHLJjGl4boSthGkUXMI414wNRIwPWA8alioWgGklae6YnlqlQ7uhtk8hTdW/GwkLjBkFvp0MGPbNojcR//MaMXavW4lQUYyg+DSoG0uKIZ2UQTtCA0c5soRxLeytlPeZZhxtZXMpw+mpOVuMt1jDMqmeF73Lont/USjdzCrKkmNyQs6IR65IidyRMqkQTp7IC3klb86z8+58OJ/T0Ywz2zkkc3C+fgHYLp9A</latexit>

b

Meson mixing

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="KesXxLnIleKsks4khEjuM1ZDuqI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVnqxmVF+4B2KJk0bUMzmSG5I5ah4A+41T9wJ279FX/A7zBtZ2FbDwQO59zLPTlBLIVB1/12VlbX1jc2c1v57Z3dvf3CwWHdRIlmvMYiGelmQA2XQvEaCpS8GWtOw0DyRjC8mfiNR66NiNQDjmLuh7SvRE8wila6r3RMp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx02nUMTm1Spf0Im2fQjJV/26kNDRmFAZ2MqQ4MIveRPzPayXYu/ZToeIEuWKzQ71EEozI5N+kKzRnKEeWUKaFzUrYgGrK0LYzd+VpFjVvi/EWa1gm9fOSd1ly7y6K5UpWUQ6O4QTOwIMrKMMtVKEGDPrwAq/w5jw7786H8zkbXXGynSOYg/P1C1HFljc=</latexit>

Bs
<latexit sha1_base64="LBq2v5w7/H87lfsL9v6zTWmnSvM=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZcENy4xkUcCE3KndKCh05m0HSMhLP0Bt/oH7oxbP8Qf8DssMAsBT9Lk5Jx7c09PkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqKKvTWMSqFaBmgktWN9wI1koUwygQrBkMb6d+85EpzWP5YEYJ8yPsSx5yisZKrU6AilS7ulssuWV3BrJKvIyUIEOtW/zp9GKaRkwaKlDrtucmxh+jMpwKNil0Us0SpEPss7alEiOm/fEs74ScWaVHwljZJw2ZqX83xhhpPYoCOxmhGehlbyr+57VTE974Yy6T1DBJ54fCVBATk+nnSY8rRo0YWYJUcZuV0AEqpMZWtHDlaR61YIvxlmtYJY2LsndVdu8vS5VqVlEeTuAUzsGDa6jAHdSgDhQEvMArvDnPzrvz4XzOR3NOtnMMC3C+fgHF55ga</latexit>

B̄s

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="mvrWiEYZDEro9TH3xSzD+S+xPFM="></latexit>0

@
cos ✓ 0 sin ✓
� sin ✓ ✏00 cos ✓
�✏00 sin ✓ �1 ✏00 cos ✓

1

A<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0
<latexit sha1_base64="hpd+dJ3Pc77sZ2EGAecsrCVouQE=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUREXRbduKxgH9CGMplO2qGTSZi5EUOIv+LGhSJu/RB3/o3TNAttPXDhcM69c+cePxZcg+N8Wyura+sbm5Wt6vbO7t6+fXDY0VGiKGvTSESq5xPNBJesDRwE68WKkdAXrOtPb2Z+94EpzSN5D2nMvJCMJQ84JWCkoV0bAHuE4p2MpkTmmZMP7brTcArgZeKWpI5KtIb212AU0SRkEqggWvddJwYvIwo4FSyvDhLNYkKnZMz6hkoSMu1lxdIcnxhlhINImZKAC/X3REZCrdPQN50hgYle9Gbif14/geDKy7iME2CSzhcFicAQ4VkSeMQVoyBSQwhV3PwV0wlRhILJq2pCcBdPXiads4Z70XDuzuvN6zKOCjpCx+gUuegSNdEtaqE2oihFz+gVvVlP1ov1bn3MW1escqaG/sD6/AG9p5V5</latexit>

0



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )
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33 �m⌧V 33

1

A .

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>
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<latexit sha1_base64="wudTcgDDlyIyxlPR2WieNrjQp0Y="></latexit>

M�4 . 0.81 TeV

����
sin 2✓c
sin 2✓

����
<latexit sha1_base64="mX0Mt08+QplzLRUEVge2ST1Lly8="></latexit>

K - K̄ /
�
c234 (c134 )⇤

�2

<latexit sha1_base64="uhs6CC9uVCHUMPmooIwDWkK61bE="></latexit>

B - B̄ /
�
c334 (c134 )⇤

�2 <latexit sha1_base64="Xb2xgkLmACjaJ1zIvTvAUp/+Z2A="></latexit>

M�4 . 0.62 TeV

����
sin ✓c
sin ✓

����

Meson mixing

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =

qi

q̄j q̄i

�4

�4

` `

qj

M̄M

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="HVisofLQ9fmdTpFuFPPcqz1Tcis=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kzTzridL7hFNwVdJt6MFMgM5Xb+p9kJeRyAQi6ZMQ3PjbCVMI2CSxjnmrGBiPEB60HDUsUCMK0kzR7TU6t0aDfU9imkqfp3I2GBMaPAt5MBw75Z9Cbif14jxu51KxEqihEUnwZ1Y0kxpJNCaEdo4ChHljCuhb2V8j7TjKOtbS5lOD01Z4vxFmtYJtXzondZdO8vCqWbWUVZckxOyBnxyBUpkTtSJhXCyRN5Ia/kzXl23p0P53M6mnFmO4dkDs7XLxdsoPs=</latexit>

d̄

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="00U9bxb1y72FAQfWr3+xQIJkXkE=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTf9zOF9yim4IuE29GCmSGcjv/0+yEPA5AIZfMmIbnRthKmEbBJYxzzdhAxPiA9aBhqWIBmFaSZo/pqVU6tBtq+xTSVP27kbDAmFHg28mAYd8sehPxP68RY/e6lQgVxQiKT4O6saQY0kkhtCM0cJQjSxjXwt5KeZ9pxtHWNpcynJ6as8V4izUsk+p50bssuvcXhdLNrKIsOSYn5Ix45IqUyB0pkwrh5Im8kFfy5jw7786H8zkdzTiznUMyB+frFxQ6oPk=</latexit>

b̄

<latexit sha1_base64="ubwRB5q+VxbV7Ag6jKEZ8HyluSk=">AAACE3icbVBLTgJBFOzBH+IPNXHjpiMxcUVmjFGXRDcuMZFPAoT0NA/o0NMz6X5jICPH8AJu9QbujFsP4AU8h83AQsBKOqlUvdf1Un4khUHX/XYyK6tr6xvZzdzW9s7uXn7/oGrCWHOo8FCGuu4zA1IoqKBACfVIAwt8CTV/cDvxa4+gjQjVA44iaAWsp0RXcIZWauePmghDTP9JQs1UD8YJ9cftfMEtuinoMvFmpEBmKLfzP81OyOMAFHLJjGl4boSthGkUXMI414wNRIwPWA8alioWgGklae6YnlqlQ7uhtk8hTdW/GwkLjBkFvp0MGPbNojcR//MaMXavW4lQUYyg+DSoG0uKIZ2UQTtCA0c5soRxLeytlPeZZhxtZXMpw+mpOVuMt1jDMqmeF73Lont/USjdzCrKkmNyQs6IR65IidyRMqkQTp7IC3klb86z8+58OJ/T0Ywz2zkkc3C+fgHYLp9A</latexit>

b

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="KesXxLnIleKsks4khEjuM1ZDuqI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVnqxmVF+4B2KJk0bUMzmSG5I5ah4A+41T9wJ279FX/A7zBtZ2FbDwQO59zLPTlBLIVB1/12VlbX1jc2c1v57Z3dvf3CwWHdRIlmvMYiGelmQA2XQvEaCpS8GWtOw0DyRjC8mfiNR66NiNQDjmLuh7SvRE8wila6r3RMp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx02nUMTm1Spf0Im2fQjJV/26kNDRmFAZ2MqQ4MIveRPzPayXYu/ZToeIEuWKzQ71EEozI5N+kKzRnKEeWUKaFzUrYgGrK0LYzd+VpFjVvi/EWa1gm9fOSd1ly7y6K5UpWUQ6O4QTOwIMrKMMtVKEGDPrwAq/w5jw7786H8zkbXXGynSOYg/P1C1HFljc=</latexit>

Bs
<latexit sha1_base64="LBq2v5w7/H87lfsL9v6zTWmnSvM=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZcENy4xkUcCE3KndKCh05m0HSMhLP0Bt/oH7oxbP8Qf8DssMAsBT9Lk5Jx7c09PkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqKKvTWMSqFaBmgktWN9wI1koUwygQrBkMb6d+85EpzWP5YEYJ8yPsSx5yisZKrU6AilS7ulssuWV3BrJKvIyUIEOtW/zp9GKaRkwaKlDrtucmxh+jMpwKNil0Us0SpEPss7alEiOm/fEs74ScWaVHwljZJw2ZqX83xhhpPYoCOxmhGehlbyr+57VTE974Yy6T1DBJ54fCVBATk+nnSY8rRo0YWYJUcZuV0AEqpMZWtHDlaR61YIvxlmtYJY2LsndVdu8vS5VqVlEeTuAUzsGDa6jAHdSgDhQEvMArvDnPzrvz4XzOR3NOtnMMC3C+fgHF55ga</latexit>

B̄s

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>

H
�4
�F=2 '

⇣P
`(c

qi`
4 )⇤c

qj`
4

⌘2

128⇡2M2
�4

(q̄i�µPR qj) (q̄i�
µ
PR qj)

<latexit sha1_base64="wudTcgDDlyIyxlPR2WieNrjQp0Y="></latexit>

M�4 . 0.81 TeV

����
sin 2✓c
sin 2✓

����
<latexit sha1_base64="mX0Mt08+QplzLRUEVge2ST1Lly8="></latexit>

K - K̄ /
�
c234 (c134 )⇤

�2

<latexit sha1_base64="uhs6CC9uVCHUMPmooIwDWkK61bE="></latexit>

B - B̄ /
�
c334 (c134 )⇤

�2 <latexit sha1_base64="Xb2xgkLmACjaJ1zIvTvAUp/+Z2A="></latexit>

M�4 . 0.62 TeV

����
sin ✓c
sin ✓

����
<latexit sha1_base64="Zujno2qWHNMXIX6S0a06uDF9rmU="></latexit>

Bs - B̄s /
�
c314 (c214 )⇤ + c334 (c234 )⇤

�2
<latexit sha1_base64="iO2k5t/wELmZwqTjja3hy6FDHj8="></latexit>

M�4 . 3.0 TeV

����
sin ✓c
cos ✓

����

Meson mixing

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="i9e2ourmqAqr7vE2CRVzS5NAO9o="></latexit>0

@
✏ 1 ✏0

� cos ✓c ✏ cos ✓c � ✏0 sin ✓c sin ✓c
sin ✓c �✏ sin ✓c + ✏0 cos ✓c cos ✓c

1

A

qi

q̄j q̄i

�4

�4

` `

qj

M̄M

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`
<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4
<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="KesXxLnIleKsks4khEjuM1ZDuqI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVnqxmVF+4B2KJk0bUMzmSG5I5ah4A+41T9wJ279FX/A7zBtZ2FbDwQO59zLPTlBLIVB1/12VlbX1jc2c1v57Z3dvf3CwWHdRIlmvMYiGelmQA2XQvEaCpS8GWtOw0DyRjC8mfiNR66NiNQDjmLuh7SvRE8wila6r3RMp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx02nUMTm1Spf0Im2fQjJV/26kNDRmFAZ2MqQ4MIveRPzPayXYu/ZToeIEuWKzQ71EEozI5N+kKzRnKEeWUKaFzUrYgGrK0LYzd+VpFjVvi/EWa1gm9fOSd1ly7y6K5UpWUQ6O4QTOwIMrKMMtVKEGDPrwAq/w5jw7786H8zkbXXGynSOYg/P1C1HFljc=</latexit>

Bs
<latexit sha1_base64="LBq2v5w7/H87lfsL9v6zTWmnSvM=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZcENy4xkUcCE3KndKCh05m0HSMhLP0Bt/oH7oxbP8Qf8DssMAsBT9Lk5Jx7c09PkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqKKvTWMSqFaBmgktWN9wI1koUwygQrBkMb6d+85EpzWP5YEYJ8yPsSx5yisZKrU6AilS7ulssuWV3BrJKvIyUIEOtW/zp9GKaRkwaKlDrtucmxh+jMpwKNil0Us0SpEPss7alEiOm/fEs74ScWaVHwljZJw2ZqX83xhhpPYoCOxmhGehlbyr+57VTE974Yy6T1DBJ54fCVBATk+nnSY8rRo0YWYJUcZuV0AEqpMZWtHDlaR61YIvxlmtYJY2LsndVdu8vS5VqVlEeTuAUzsGDa6jAHdSgDhQEvMArvDnPzrvz4XzOR3NOtnMMC3C+fgHF55ga</latexit>

B̄s

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="00U9bxb1y72FAQfWr3+xQIJkXkE=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTf9zOF9yim4IuE29GCmSGcjv/0+yEPA5AIZfMmIbnRthKmEbBJYxzzdhAxPiA9aBhqWIBmFaSZo/pqVU6tBtq+xTSVP27kbDAmFHg28mAYd8sehPxP68RY/e6lQgVxQiKT4O6saQY0kkhtCM0cJQjSxjXwt5KeZ9pxtHWNpcynJ6as8V4izUsk+p50bssuvcXhdLNrKIsOSYn5Ix45IqUyB0pkwrh5Im8kFfy5jw7786H8zkdzTiznUMyB+frFxQ6oPk=</latexit>

b̄

<latexit sha1_base64="ubwRB5q+VxbV7Ag6jKEZ8HyluSk=">AAACE3icbVBLTgJBFOzBH+IPNXHjpiMxcUVmjFGXRDcuMZFPAoT0NA/o0NMz6X5jICPH8AJu9QbujFsP4AU8h83AQsBKOqlUvdf1Un4khUHX/XYyK6tr6xvZzdzW9s7uXn7/oGrCWHOo8FCGuu4zA1IoqKBACfVIAwt8CTV/cDvxa4+gjQjVA44iaAWsp0RXcIZWauePmghDTP9JQs1UD8YJ9cftfMEtuinoMvFmpEBmKLfzP81OyOMAFHLJjGl4boSthGkUXMI414wNRIwPWA8alioWgGklae6YnlqlQ7uhtk8hTdW/GwkLjBkFvp0MGPbNojcR//MaMXavW4lQUYyg+DSoG0uKIZ2UQTtCA0c5soRxLeytlPeZZhxtZXMpw+mpOVuMt1jDMqmeF73Lont/USjdzCrKkmNyQs6IR65IidyRMqkQTp7IC3klb86z8+58OJ/T0Ywz2zkkc3C+fgHYLp9A</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s



<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1
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0

@
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1

A .

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="oPirkveDgsWPrzthllKDs0FXm0A="></latexit>
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<latexit sha1_base64="wudTcgDDlyIyxlPR2WieNrjQp0Y="></latexit>

M�4 . 0.81 TeV

����
sin 2✓c
sin 2✓

����
<latexit sha1_base64="mX0Mt08+QplzLRUEVge2ST1Lly8="></latexit>

K - K̄ /
�
c234 (c134 )⇤

�2

<latexit sha1_base64="uhs6CC9uVCHUMPmooIwDWkK61bE="></latexit>

B - B̄ /
�
c334 (c134 )⇤

�2 <latexit sha1_base64="Xb2xgkLmACjaJ1zIvTvAUp/+Z2A="></latexit>

M�4 . 0.62 TeV

����
sin ✓c
sin ✓

����
<latexit sha1_base64="Zujno2qWHNMXIX6S0a06uDF9rmU="></latexit>

Bs - B̄s /
�
c314 (c214 )⇤ + c334 (c234 )⇤

�2
<latexit sha1_base64="iO2k5t/wELmZwqTjja3hy6FDHj8="></latexit>

M�4 . 3.0 TeV

����
sin ✓c
cos ✓

����

Meson mixing

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0
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mµ

mb sin ✓c
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� cos ✓c 0 sin ✓c
sin ✓c

mµ
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sin ✓c cos ✓c
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�4

` `

qj

M̄M

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`
<latexit sha1_base64="PygnIdo9UfCl3v0ML3qIy+yF+O0=">AAACE3icbVDLSsNAFJ3UV62vqODGTbAIrkoioi6LblxWsA9oQ5lMb9uhkwczN9IS8xn+gFv9A3fi1g/wB/wOp2kWtvXAwOGce+dcjhcJrtC2v43Cyura+kZxs7S1vbO7Z+4fNFQYSwZ1FopQtjyqQPAA6shRQCuSQH1PQNMb3U795iNIxcPgAScRuD4dBLzPGUUtdc2jDsIYs38SBCrSpANCpF2zbFfsDNYycXJSJjlqXfOn0wtZ7EOATFCl2o4doZtQiZwJSEudWEFE2YgOoK1pQH1QbpLlptapVnpWP5T6BWhl6t+NhPpKTXxPT/oUh2rRm4r/ee0Y+9duwoMoRgjYLKgfCwtDa1qG1eMSGIqJJpRJrm+12JBKylBXNpcynp1a0sU4izUsk8Z5xbms2PcX5epNXlGRHJMTckYcckWq5I7USJ0w8kReyCt5M56Nd+PD+JyNFox855DMwfj6BUBSn4E=</latexit>

`

<latexit sha1_base64="fHO5Dq0x83oC0WOEiXwjXquBjNw=">AAACLnicbVDLSsNAFJ3UV62vqEs3wSK4KokUdVl047KCfUBby2R62w6dTMLMjbSEfIe/4Q+41T8QXIg78TOcPhZ9eGDgcM69cy7HjwTX6LqfVmZtfWNzK7ud29nd2z+wD4+qOowVgwoLRajqPtUguIQKchRQjxTQwBdQ8we3Y7/2BErzUD7gKIJWQHuSdzmjaKS27bF28TFpIgxx8lkSKip7kCZeOiciUJEmTRAiTdt23i24EzirxJuRPJmh3LZ/mp2QxQFIZIJq3fDcCFsJVciZgDTXjDVElA1oDxqGShqAbiWT4NQ5M0rH6YbKPInORJ3fSGig9SjwzWRAsa+XvbH4n9eIsXvdSriMYgTJpkHdWDgYOuOenA5XwFCMDKFMcXOrw/pUUYamzYWU4fTUnCnGW65hlVQvCt5lwb0v5ks3s4qy5IScknPikStSInekTCqEkWfySt7Iu/VifVhf1vd0NGPNdo7JAqzfP30xq7g=</latexit>

c1`4

<latexit sha1_base64="00U9bxb1y72FAQfWr3+xQIJkXkE=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTf9zOF9yim4IuE29GCmSGcjv/0+yEPA5AIZfMmIbnRthKmEbBJYxzzdhAxPiA9aBhqWIBmFaSZo/pqVU6tBtq+xTSVP27kbDAmFHg28mAYd8sehPxP68RY/e6lQgVxQiKT4O6saQY0kkhtCM0cJQjSxjXwt5KeZ9pxtHWNpcynJ6as8V4izUsk+p50bssuvcXhdLNrKIsOSYn5Ix45IqUyB0pkwrh5Im8kFfy5jw7786H8zkdzTiznUMyB+frFxQ6oPk=</latexit>

b̄

<latexit sha1_base64="ubwRB5q+VxbV7Ag6jKEZ8HyluSk=">AAACE3icbVBLTgJBFOzBH+IPNXHjpiMxcUVmjFGXRDcuMZFPAoT0NA/o0NMz6X5jICPH8AJu9QbujFsP4AU8h83AQsBKOqlUvdf1Un4khUHX/XYyK6tr6xvZzdzW9s7uXn7/oGrCWHOo8FCGuu4zA1IoqKBACfVIAwt8CTV/cDvxa4+gjQjVA44iaAWsp0RXcIZWauePmghDTP9JQs1UD8YJ9cftfMEtuinoMvFmpEBmKLfzP81OyOMAFHLJjGl4boSthGkUXMI414wNRIwPWA8alioWgGklae6YnlqlQ7uhtk8hTdW/GwkLjBkFvp0MGPbNojcR//MaMXavW4lQUYyg+DSoG0uKIZ2UQTtCA0c5soRxLeytlPeZZhxtZXMpw+mpOVuMt1jDMqmeF73Lont/USjdzCrKkmNyQs6IR65IidyRMqkQTp7IC3klb86z8+58OJ/T0Ywz2zkkc3C+fgHYLp9A</latexit>

b

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="lkL4lB3oUI7cT1MWhx3N/pHb09E=">AAACLnicbVDLSsNAFJ34rPVVdekmWARXJdGiLotuXFawD2hrmUxv26GTSZi5kZaQ7/A3/AG3+geCC3EnfobTtIs+PDBwOOfeOZfjhYJrdJxPa2V1bX1jM7OV3d7Z3dvPHRxWdRApBhUWiEDVPapBcAkV5CigHiqgvieg5g1ux37tCZTmgXzAUQgtn/Yk73JG0UjtnMvaxce4iTDE9LM4UFT2IIkvkhkRgYokboIQSdLO5Z2Ck8JeJu6U5MkU5Xbup9kJWOSDRCao1g3XCbEVU4WcCUiyzUhDSNmA9qBhqKQ+6FacBif2qVE6djdQ5km0U3V2I6a+1iPfM5M+xb5e9Mbif14jwu51K+YyjBAkmwR1I2FjYI97sjtcAUMxMoQyxc2tNutTRRmaNudShpNTs6YYd7GGZVI9L7iXBee+mC/dTCvKkGNyQs6IS65IidyRMqkQRp7JK3kj79aL9WF9Wd+T0RVrunNE5mD9/gGAkau6</latexit>

c3`4

<latexit sha1_base64="KesXxLnIleKsks4khEjuM1ZDuqI=">AAAB/nicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVnqxmVF+4B2KJk0bUMzmSG5I5ah4A+41T9wJ279FX/A7zBtZ2FbDwQO59zLPTlBLIVB1/12VlbX1jc2c1v57Z3dvf3CwWHdRIlmvMYiGelmQA2XQvEaCpS8GWtOw0DyRjC8mfiNR66NiNQDjmLuh7SvRE8wila6r3RMp1B0S+4UZJl4GSlChmqn8NPuRiwJuUImqTEtz43RT6lGwSQf59uJ4TFlQ9rnLUsVDbnx02nUMTm1Spf0Im2fQjJV/26kNDRmFAZ2MqQ4MIveRPzPayXYu/ZToeIEuWKzQ71EEozI5N+kKzRnKEeWUKaFzUrYgGrK0LYzd+VpFjVvi/EWa1gm9fOSd1ly7y6K5UpWUQ6O4QTOwIMrKMMtVKEGDPrwAq/w5jw7786H8zkbXXGynSOYg/P1C1HFljc=</latexit>

Bs
<latexit sha1_base64="LBq2v5w7/H87lfsL9v6zTWmnSvM=">AAACA3icbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZcENy4xkUcCE3KndKCh05m0HSMhLP0Bt/oH7oxbP8Qf8DssMAsBT9Lk5Jx7c09PkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU0HGqKKvTWMSqFaBmgktWN9wI1koUwygQrBkMb6d+85EpzWP5YEYJ8yPsSx5yisZKrU6AilS7ulssuWV3BrJKvIyUIEOtW/zp9GKaRkwaKlDrtucmxh+jMpwKNil0Us0SpEPss7alEiOm/fEs74ScWaVHwljZJw2ZqX83xhhpPYoCOxmhGehlbyr+57VTE974Yy6T1DBJ54fCVBATk+nnSY8rRo0YWYJUcZuV0AEqpMZWtHDlaR61YIvxlmtYJY2LsndVdu8vS5VqVlEeTuAUzsGDa6jAHdSgDhQEvMArvDnPzrvz4XzOR3NOtnMMC3C+fgHF55ga</latexit>

B̄s
<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="0F6B+O+30qoN2J61K+v+Rz3Pwko=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGd63LFLbtmdwlkmXk5KJEe1Y/+0uzFLI5DIBNW65bkJ+hlVyJmAcbGdakgoG9AetAyVNALtZ9PYsXNmlK4Txso8ic5U/buR0UjrURSYyYhiXy96E/E/r5VieONnXCYpgmSzoDAVDsbOpAunyxUwFCNDKFPc3OqwPlWUoWlsLmU4O7VoivEWa1gm9Yuyd1V2Hy5Lldu8ogI5IafknHjkmlTIPamSGmEkIy/klbxZz9a79WF9zkZXrHzniMzB+voFkqmfJw==</latexit>s

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A
<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



<latexit sha1_base64="3qLvlAFoMNfggqGf52Uk3PT/NP8="></latexit>
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k
R�µ⌫⌫

l
L)

�
+ h.c.

<latexit sha1_base64="jzZhrzcjJ4bOhJZNITRo3MKUjYo=">AAACDnicbVDNTsJAGNziH+Jf0aOXjcTEE2mJUS8mRC6eDCYUMFCb7bKFDdtts7tVScM7+AJe9Q28Ga++gi/gc7hADwJOspvJzPflm4wfMyqVZX0buZXVtfWN/GZha3tnd88s7jdllAhMHByxSLR9JAmjnDiKKkbasSAo9Blp+cPaxG89ECFpxBtqFBM3RH1OA4qR0pJnFrFXuXS82n0D3nkV/d94ZskqW1PAZWJnpAQy1D3zp9uLcBISrjBDUnZsK1ZuioSimJFxoZtIEiM8RH3S0ZSjkEg3nUYfw2Ot9GAQCf24glP170aKQilHoa8nQ6QGctGbiP95nUQFF25KeZwowvHsUJAwqCI46QH2qCBYsZEmCAuqs0I8QAJhpduau/I0i1rQxdiLNSyTZqVsn5Wt29NS9SqrKA8OwRE4ATY4B1VwDerAARg8ghfwCt6MZ+Pd+DA+Z6M5I9s5AHMwvn4BQnSa5A==</latexit>

c2 = UT
CY T

2 N
<latexit sha1_base64="Fzc9vmf9H21qSzVGkd7RzFkzipU="></latexit>
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>
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Extra: Charged Anomalies
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<latexit sha1_base64="xzsptkv1Zv4n8+6mTvPS+mUaj6M=">AAACL3icbVBNS8NAEN3Ur1q/WsWTl2ARPEhJRNRj0YvHCvYD2lA222m7dLMJuxNpCf0xXvXkrxEv4tV/4TbNwbYOLDzem9k38/xIcI2O82nl1tY3Nrfy24Wd3b39g2LpsKHDWDGos1CEquVTDYJLqCNHAa1IAQ18AU1/dD/Tm8+gNA/lE04i8AI6kLzPGUVDdYvHHYQxpv8koaJyANPEn3aLZafipGWvAjcDZZJVrVuycp1eyOIAJDJBtW67ToReQhVyJmBa6MQaIspGdABtAyUNQHtJ6ju1zwzTs/uhMk+inbJ/JxIaaD0JfNMZUBzqZW1G/qe1Y+zfegmXUYwg2dyoHwsbQ3sWht3jChiKiQGUKW52tdmQKsrQRLbgku50MV8NfbFwUDKe32FSc5czWgWNy4p7XXEer8rVuyy/PDkhp+ScuOSGVMkDqZE6YSQhL+SVvFnv1of1ZX3PW3NWNnNEFsr6+QXzd6n+</latexit>

b

<latexit sha1_base64="NpvqfUXbvC5Q19+iKVorVlTrt9I=">AAACL3icbVBNS8NAEN3Ur1q/WsWTl2ARPEhJRNRj0YvHCvYD2lA222m7dLMJuxNpCf0xXvXkrxEv4tV/4TbNwbYOLDzem9k38/xIcI2O82nl1tY3Nrfy24Wd3b39g2LpsKHDWDGos1CEquVTDYJLqCNHAa1IAQ18AU1/dD/Tm8+gNA/lE04i8AI6kLzPGUVDdYvHHYQxpv8koaJyANOETbvFslNx0rJXgZuBMsmq1i1ZuU4vZHEAEpmgWrddJ0IvoQo5EzAtdGINEWUjOoC2gZIGoL0k9Z3aZ4bp2f1QmSfRTtm/EwkNtJ4EvukMKA71sjYj/9PaMfZvvYTLKEaQbG7Uj4WNoT0Lw+5xBQzFxADKFDe72mxIFWVoIltwSXe6mK+Gvlg4KBnP7zCpucsZrYLGZcW9rjiPV+XqXZZfnpyQU3JOXHJDquSB1EidMJKQF/JK3qx368P6sr7nrTkrmzkiC2X9/AL1Lan/</latexit>c

<latexit sha1_base64="O8Dq9IW+20veDDtzDXIz9dlEZXk=">AAACNHicbVDLSgNBEJyNrxhfid70shgEDxp2RdRj0IvHCOYB2RhmJ51kyOyDmV5JWBb8Gq968l8Eb+LVb3Cym4OJNgwUVd1T3eWGgiu0rHcjt7S8srqWXy9sbG5t7xRLuw0VRJJBnQUikC2XKhDchzpyFNAKJVDPFdB0RzdTvfkIUvHAv8dJCB2PDnze54yiprrFfQdhjOk/MQIVSewgjR7i0yTpFstWxUrL/AvsGSiTWdW6JSPn9AIWeeAjE1Sptm2F2ImpRM4EJAUnUhBSNqIDaGvoUw9UJ07NE/NIMz2zH0j9fDRT9vdETD2lJp6rOz2KQ7WoTcn/tHaE/atOzP0wQvBZZtSPhImBOU3E7HEJDMVEA8ok17uabEglZahzm3NJdzrJVkNXzB0Uj7M7dGr2YkZ/QeOsYl9UrLvzcvV6ll+eHJBDckxsckmq5JbUSJ0w8kSeyQt5Nd6MD+PT+Mpac8ZsZo/MlfH9Ay/PrCE=</latexit>

⌧�
<latexit sha1_base64="HTy9OT36pHbrKIbKO8YU54e1AWs=">AAACOXicbVA9SwNBEN2L399RSwsXg2Ah4U5ELUUbSwWTCLkQ5jYTXdzbO3bnJOFI6a+x1cpfYmkntv4BN5cURn2w8Hgzs/PmRamSlnz/zStNTc/Mzs0vLC4tr6yuldc36jbJjMCaSFRibiKwqKTGGklSeJMahDhS2Ijuz4f1xgMaKxN9Tf0UWzHcatmVAshJ7fJ2SNij4p+cENQgDyMwPNRZOyTIBu1yxa/6BfhfEoxJhY1x2V73SmEnEVmMmoQCa5uBn1IrB0NSKBwshpnFFMQ93GLTUQ0x2lZeOBjwXad0eDcx7mnihfpzIofY2n4cuc4Y6M7+rg3F/2rNjLonrVzqNCPUYrSomylOCR/GwjvSoCDVdwSEkc4rF3dgQJALb2JL4Wl/ZI0iNXFQ3hvd4VILfmf0l9QPqsFR1b86rJyejfObZ1tsh+2xgB2zU3bBLlmNCfbIntgze/FevXfvw/sctZa88cwmm4D39Q00PK4f</latexit>

⌫̄⌧

<latexit sha1_base64="gEKcf57xMbUPk2igvcA0IDWnWKU=">AAACSHicbVDLSsNAFJ3Ed321unQTLIILKYkWdSm6calgVWhrmUxv28HJJMzciCXkL/wat7ryD/wLd+LOyWPRVg8MHM69d+65x48E1+i6n5Y9N7+wuLS8UlldW9/YrNa2bnUYKwYtFopQ3ftUg+ASWshRwH2kgAa+gDv/8SKr3z2B0jyUNziOoBvQoeQDzigaqVdtsF7zIekgPGP+WRIqKoeQJkfphIhARSalvWrdbbg5nL/EK0mdlLjq1Sy70w9ZHIBEJqjWbc+NsJtQhZwJSCudWENE2SMdQttQSQPQ3SRfmzp7Ruk7g1CZJ9HJ1cmJhAZajwPfdAYUR3q2lon/1doxDk67CZdRjCBZsWgQCwdDJ0vJ6XMFDMXYEMoUN14dNqKKMjRZTm3JPR0U1tAXUwclz8UdJjVvNqO/5Paw4R033Otm/ey8zG+Z7JBdsk88ckLOyCW5Ii3CyAt5JW/k3fqwvqxv66dota1yZptMwbZ/AT6KtB8=</latexit>

c334

<latexit sha1_base64="rtkCqkVpVuTdBSSdJiR5J7VFqb8="></latexit>

c232

<latexit sha1_base64="RnEcsQXqgoLqmGDjPFxBorpdoi0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq9cY8X6tX654VW8OvEr8nFQgR6Nf/uoNFE1jJi0VxJiu7yU2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp/jMKQMcKe1KWjxXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpwFbh2et4wDWjVkwcIVRzdyumI6IJtS6gkgvBX355lbQuqv5l1buvVeo3eRxFOIFTOAcfrqAOd9CAJlB4hGd4hTek0At6Rx+L1gLKZ47hD9DnDxB4jss=</latexit>

�4
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<latexit sha1_base64="3qLvlAFoMNfggqGf52Uk3PT/NP8="></latexit>
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<latexit sha1_base64="jzZhrzcjJ4bOhJZNITRo3MKUjYo=">AAACDnicbVDNTsJAGNziH+Jf0aOXjcTEE2mJUS8mRC6eDCYUMFCb7bKFDdtts7tVScM7+AJe9Q28Ga++gi/gc7hADwJOspvJzPflm4wfMyqVZX0buZXVtfWN/GZha3tnd88s7jdllAhMHByxSLR9JAmjnDiKKkbasSAo9Blp+cPaxG89ECFpxBtqFBM3RH1OA4qR0pJnFrFXuXS82n0D3nkV/d94ZskqW1PAZWJnpAQy1D3zp9uLcBISrjBDUnZsK1ZuioSimJFxoZtIEiM8RH3S0ZSjkEg3nUYfw2Ot9GAQCf24glP170aKQilHoa8nQ6QGctGbiP95nUQFF25KeZwowvHsUJAwqCI46QH2qCBYsZEmCAuqs0I8QAJhpduau/I0i1rQxdiLNSyTZqVsn5Wt29NS9SqrKA8OwRE4ATY4B1VwDerAARg8ghfwCt6MZ+Pd+DA+Z6M5I9s5AHMwvn4BQnSa5A==</latexit>

c2 = UT
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<latexit sha1_base64="Fzc9vmf9H21qSzVGkd7RzFkzipU="></latexit>
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

Extra: Charged Anomalies



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>

Br(M ! `�i `
+
j ) =

⌧M
32⇡

f2
M

m3
M

(m2
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����
2
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����(C10 � C 0
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¯̀
i`j d̄kd`(m`1 +m`2) + (CP � C 0

P )
¯̀
i`j d̄kd`

m2
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mdk +mdl

����
2
!

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d
<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d
<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>

Br(M ! `�i `
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⌧M
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ
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sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d
<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>

Br(M ! `�i `
+
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 ����(C9 � C 0
9)

¯̀
i`j d̄kd`(m`1 �m`2) + (CS � C 0
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j
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0
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µ
LQ SLQ

1
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V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d
<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
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⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d
<latexit sha1_base64="pX33XPsyrM2ymLCIfOKawV4ZViE=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUBbymR62w6dTMLMjbSE/IU/4Fb/wJ249Qf8Ab/DaZqFbT0wcDjn3jmX40eCa3Tdb2tldW19Y7OwVdze2d3btw8O6zqMFYMaC0Womj7VILiEGnIU0IwU0MAX0PBHd1O/8QRK81A+4iSCTkAHkvc5o2ikrn3cRhhj9k8SKioHkCa9tGuX3LKbwVkmXk5KJEe1a/+0eyGLA5DIBNW65bkRdhKqkDMBabEda4goG9EBtAyVNADdSbLY1DkzSs/ph8o8iU6m/t1IaKD1JPDNZEBxqBe9qfif14qxf9NJuIxiBMlmQf1YOBg60y6cHlfAUEwMoUxxc6vDhlRRhqaxuZTx7NSiKcZbrGGZ1C/K3lXZfbgsVW7zigrkhJySc+KRa1Ih96RKaoSRhLyQV/JmPVvv1of1ORtdsfKdIzIH6+sXerKfGA==</latexit>

d

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

Zoom-out

<latexit sha1_base64="j0L1lM7efQhyYZXJM9P/uK+c3AI="></latexit>

Br(M ! `�i `
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<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="x1fqJUNkPxdRfKEqAuq2KRDheLM="></latexit>

C 0
9 = C 0

10 =
g24

4M2
U1

V 12
c (V 21

c )⇤

<latexit sha1_base64="JYQaQEDKzamMzl6DAai3qDM9gx4=">AAACJnicbVDLSgNBEJz1bXxFPXoZDIJewq6IegzxIuhBwSRCNgmzk44OzuwOM72SsOQb/A1/wKv+gTcRb578DiePg0YLGoqqbrq7Ii2FRd//8KamZ2bn5hcWc0vLK6tr+fWNqk1Sw6HCE5mY64hZkCKGCgqUcK0NMBVJqEV3JwO/dg/GiiS+wp6GhmI3segIztBJrfxeiNDFrGz6u2etcxpiQkOVNkOtKDRDpfdoqE2indzKF/yiPwT9S4IxKZAxLlr5r7Cd8FRBjFwya+uBr7GRMYOCS+jnwtSCZvyO3UDd0ZgpsI1s+FKf7jilTTuJcRUjHao/JzKmrO2pyHUqhrd20huI/3n1FDvHjUzEOkWI+WhRJ5XUfTjIh7aFAY6y5wjjRrhbKb9lhnF0Kf7a0h2dmnPBBJMx/CXV/WJwWPQvDwql8jiiBbJFtskuCcgRKZFTckEqhJMH8kSeyYv36L16b977qHXKG89skl/wPr8BT1CllA==</latexit>

Br(KL ! µ±e⌥) /
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>
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<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

<latexit sha1_base64="/VJqhxj/FStqp2WJYvlhPYLoqc0="></latexit>

BrU1

KL!µ±e⌥ ' ⌧KL⇡
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f2
K

m3
K

(m2
K �m2

µ)
2m2

µ

✓
↵4

M2
U1

◆2

cos2 ✓c

Zoom-out <latexit sha1_base64="x1fqJUNkPxdRfKEqAuq2KRDheLM="></latexit>

C 0
9 = C 0

10 =
g24

4M2
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V 12
c (V 21

c )⇤W
0
µ H

0
V

µ
LQ SLQ

1
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µH

0
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µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j
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1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
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� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>
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<latexit sha1_base64="Zujno2qWHNMXIX6S0a06uDF9rmU="></latexit>

Bs - B̄s /
�
c314 (c214 )⇤ + c334 (c234 )⇤

�2
<latexit sha1_base64="iO2k5t/wELmZwqTjja3hy6FDHj8="></latexit>

M�4 . 3.0 TeV

����
sin ✓c
cos ✓

����

Reminder

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Quark-Lepton Unification Scale

<latexit sha1_base64="FZ9a3R7VpogLaGXj22QG1R/pRN8="></latexit>

MU1 & 74 TeV
⇣ ↵4
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<latexit sha1_base64="/VJqhxj/FStqp2WJYvlhPYLoqc0="></latexit>
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Zoom-out <latexit sha1_base64="x1fqJUNkPxdRfKEqAuq2KRDheLM="></latexit>
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<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL
<latexit sha1_base64="/+ikJqqNJvtAxM2Z1oR165xewm8=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCmwSSNcxOZpMhM7PLPISw5CO8eFDEq9/jzb9xkuxBEwsaiqpuurvijDNtfP/bW1ldW9/YLG2Vt3d29/YrB4dNnVpFaEhSnqp2jDXlTNLQMMNpO1MUi5jTVjy6nfqtJ6o0S+WDGWc0EnggWcIINk5qhb3gsStsr1L1a/4MaJkEBalCgUav8tXtp8QKKg3hWOtO4GcmyrEyjHA6KXetphkmIzygHUclFlRH+ezcCTp1Sh8lqXIlDZqpvydyLLQei9h1CmyGetGbiv95HWuS6yhnMrOGSjJflFiOTIqmv6M+U5QYPnYEE8XcrYgMscLEuITKLoRg8eVl0jyvBZc1//6iWr8p4ijBMZzAGQRwBXW4gwaEQGAEz/AKb17mvXjv3se8dcUrZo7gD7zPH+IRj0Y=</latexit>

Uµ
1

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

W
0
µ H

0
V

µ
LQ SLQ

1

W
0
µH

0
V

µ
LQSLQ

1

<latexit sha1_base64="jtbhLrhjr+kKkPBWZuBsDNXbHbk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi6CHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1X37rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc38aWNkw==</latexit>

KL

<latexit sha1_base64="G6jrghcqAh+BOShH0GG/dh89puQ=">AAACEnicbVDLSsNAFJ34rPUVFVdugkVwVRIRdVl047KCfUAbymR60w6dTMLMjbSE/oU/4Fb/wJ249Qf8Ab/DaZuFbT0wcDjn3jmXEySCa3Tdb2tldW19Y7OwVdze2d3btw8O6zpOFYMai0WsmgHVILiEGnIU0EwU0CgQ0AgGdxO/8QRK81g+4igBP6I9yUPOKBqpYx+3EYY4/SeLFZU9GGfBuGOX3LI7hbNMvJyUSI5qx/5pd2OWRiCRCap1y3MT9DOqkDMB42I71ZBQNqA9aBkqaQTaz6axY+fMKF0njJV5Ep2p+ncjo5HWoygwkxHFvl70JuJ/XivF8MbPuExSBMlmQWEqHIydSRdOlytgKEaGUKa4udVhfaooQ9PYXMpwdmrRFOMt1rBM6hdl76rsPlyWKrd5RQVyQk7JOfHINamQe1IlNcJIRl7IK3mznq1368P6nI2uWPnOEZmD9fULd4CfFg==</latexit>

b

<latexit sha1_base64="xrrZb1tK9XyteF34KIhDr/Zapa8=">AAACF3icbVDLSgMxFM3UV62vqjvdBIvgqsyIqMuiG5cV7APaUjLpbRuayQzJHWkZCv6GP+BW/8CduHXpD/gdptMubOuBwOGce3Mux4+kMOi6305mZXVtfSO7mdva3tndy+8fVE0Yaw4VHspQ131mQAoFFRQooR5pYIEvoeYPbid+7RG0EaF6wFEErYD1lOgKztBK7fxRE2GI6T9JqJnqwThp+kxTM27nC27RTUGXiTcjBTJDuZ3/aXZCHgegkEtmTMNzI2wlTKPgEsa5ZmwgYnzAetCwVLEATCtJs8f01Cod2g21fQppqv7dSFhgzCjw7WTAsG8WvYn4n9eIsXvdSoSKYgTFp0HdWFIM6aQQ2hEaOMqRJYxrYW+lvM8042hrm0sZTk/N2WK8xRqWSfW86F0W3fuLQulmVlGWHJMTckY8ckVK5I6USYVw8kReyCt5c56dd+fD+ZyOZpzZziGZg/P1Cy9joQo=</latexit>

s̄

<latexit sha1_base64="oQyMc1aKpFPb+aZ6+0H2bHMKS/w=">AAACGXicbVDLSsNAFJ34rPVVdamLYBFclUREXRbduKxgH9DUMJnetEMnkzBzIy2hG3/DH3Crf+BO3LryB/wOp4+FbT0wcDjn3jmXEySCa3Scb2tpeWV1bT23kd/c2t7ZLezt13ScKgZVFotYNQKqQXAJVeQooJEooFEgoB70bkZ+/RGU5rG8x0ECrYh2JA85o2gkv3DkIfRx/E+GQMUw80AInz94STT0C0Wn5IxhLxJ3Sopkiopf+PHaMUsjkMgE1brpOgm2MqqQMwHDvJdqSCjr0Q40DZU0At3KxulD+8QobTuMlXkS7bH6dyOjkdaDKDCTEcWunvdG4n9eM8XwqpVxmaQIkk2CwlTYGNujSuw2V8BQDAyhTHFzq826VFGGpriZlP7k1Lwpxp2vYZHUzkruRcm5Oy+Wr6cV5cghOSanxCWXpExuSYVUCSNP5IW8kjfr2Xq3PqzPyeiSNd05IDOwvn4BJXWiHA==</latexit>

`±i

<latexit sha1_base64="hYKYwLaRCEYqEJquexHQ8Q4JEQI=">AAACGXicbVC7SgNBFJ2Nrxhfq5ZaLAbBKuyKqGXQxjKCeUA2LrOTm2TM7IOZu5KwbONv+AO2+gd2YmvlD/gdTh6FSTwwcDjn3jmX48eCK7TtbyO3tLyyupZfL2xsbm3vmLt7NRUlkkGVRSKSDZ8qEDyEKnIU0Igl0MAXUPf71yO//ghS8Si8w2EMrYB2Q97hjKKWPPPQRRjg+J8UgYosdUEI7+HeDeLMM4t2yR7DWiTOlBTJFBXP/HHbEUsCCJEJqlTTsWNspVQiZwKygpsoiCnr0y40NQ1pAKqVjtMz61grbasTSf1CtMbq342UBkoNA19PBhR7at4bif95zQQ7l62Uh3GCELJJUCcRFkbWqBKrzSUwFENNKJNc32qxHpWUoS5uJmUwObWgi3Hma1gktdOSc16yb8+K5atpRXlyQI7ICXHIBSmTG1IhVcLIE3khr+TNeDbejQ/jczKaM6Y7+2QGxtcvJw+iHQ==</latexit>

`⌥j

<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="UEGt3yKQin4dNz2jQTppUVEwbtk=">AAACEnicbVDLSsNAFJ3UV62vqLhyEyyCq5KIqBuh6MZlBfuAtoTJ5LYdOpmEmRtpCf0Lf8Ct/oE7cesP+AN+h9PHwrYeGDicc++cywkSwTW67reVW1ldW9/Ibxa2tnd29+z9g5qOU8WgymIRq0ZANQguoYocBTQSBTQKBNSD/t3Yrz+B0jyWjzhMoB3RruQdzigaybePWggDnPyTKQhHWc1noxvfLroldwJnmXgzUiQzVHz7pxXGLI1AIhNU66bnJtjOqELOBIwKrVRDQlmfdqFpqKQR6HY2iR05p0YJnU6szJPoTNS/GxmNtB5GgZmMKPb0ojcW//OaKXau2xmXSYog2TSokwoHY2fchRNyBQzF0BDKFDe3OqxHFWVoGptLGUxPLZhivMUalkntvORdltyHi2L5dlZRnhyTE3JGPHJFyuSeVEiVMJKRF/JK3qxn6936sD6nozlrtnNI5mB9/QL6/J7I</latexit>

Vc =
<latexit sha1_base64="pdEIl05BU6GnHrVDj0Y4jNXLT8Y="></latexit>0

@
c12c13 s12c13 s13

�s12c23 � c12s23s13 c12c23 � s12s23s13 s23c13
s12s23 � c12c23s13 �c12s23 � s12c23s13 c23c13

1

A

<latexit sha1_base64="I/VnJsYMX1OVd7EqpXdcfUL0YXs="></latexit>0

@
1 0 0
0 0 1
0 �1 0

1

A

<latexit sha1_base64="Z/Q30W9P380rV3Ve+M7ZY3Xsp2w=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSK4KomIuhGKblxWsA9oQ5lMJ+3QySTM3EhjyFf4A271D9yJW7/AH/A7nKZZ2NYDA4dz7p1zOV7EmQLb/jaWlldW19ZLG+XNre2dXXNvv6nCWBLaICEPZdvDinImaAMYcNqOJMWBx2nLG91O/NYjlYqF4gGSiLoBHgjmM4JBSz3zsAt0DPk/KUmwyNJmdt0zK3bVzmEtEqcgFVSg3jN/uv2QxAEVQDhWquPYEbgplsAIp1m5GysaYTLCA9rRVOCAKjfNUzPrRCt9yw+lfgKsXP27keJAqSTw9GSAYajmvYn4n9eJwb9yUyaiGKgg0yA/5haE1qQKq88kJcATTTCRTN9qkSGWmIAubCZlPD21rItx5mtYJM2zqnNRte/PK7WboqISOkLH6BQ56BLV0B2qowYi6Am9oFf0Zjwb78aH8TkdXTKKnQM0A+PrF0rCnmw=</latexit>

V =
<latexit sha1_base64="/L2GnulQSVd8RRGuvEhZ5+kpClI="></latexit>0

@
mµ

mb sin ✓c
1 0

� cos ✓c 0 sin ✓c
sin ✓c

mµ

mb
sin ✓c cos ✓c

1

A

<latexit sha1_base64="w4BMC2APN6qUvzYgwtMVT0Xx7hc="></latexit>

d̄iejU
µ
1 : i

g4p
2

⇥
V ijPR + (V ⇤

c )
ijPL

⇤
�µ

<latexit sha1_base64="NEmiNiQqMnO7ATFxeoAII1aZ2us=">AAACA3icbVDLSsNAFJ34rPVVdaebYBFc1UREXRbduKxgH9CEMJnetkNnkjBzI5YQcOOvuHGhiFt/wp1/4/Sx0NYDFw7n3Dt37gkTwTU6zre1sLi0vLJaWCuub2xubZd2dhs6ThWDOotFrFoh1SB4BHXkKKCVKKAyFNAMB9cjv3kPSvM4usNhAr6kvYh3OaNopKC07yE84PidTEEnz2TgyfREBmEelMpOxRnDnifulJTJFLWg9OV1YpZKiJAJqnXbdRL0M6qQMwF50Us1JJQNaA/ahkZUgvaz8e7cPjJKx+7GylSE9lj9PZFRqfVQhqZTUuzrWW8k/ue1U+xe+hmPkhQhYpNF3VTYGNujQOwOV8BQDA2hTHHzV5v1qaIMTWxFE4I7e/I8aZxW3POKc3tWrl5N4yiQA3JIjolLLkiV3JAaqRNGHskzeSVv1pP1Yr1bH5PWBWs6s0f+wPr8ATi1mIY=</latexit>

mµ/mb



Summary



Different experiments (LHCb, B-factories) have reported deviations of LFU



LHCb 
￼3.1σ

Charged anomalies Neutral anomalies (g-2) ????

Different experiments (LHCb, B-factories) have reported deviations of LFU

Leptoquarks are kind of nice Scalar LQVector LQ
b

1

V µ
LQ

1

SLQ
c/s c/s

ν̄/ℓ̄

ℓ ℓ

ν̄/ℓ̄Hints of TeV scale physics!

b







SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Quark-Lepton Unification

Quarks

Leptons

<latexit sha1_base64="1/TdywxHCymTf2GojyiMokkiAtc=">AAACSnicbZDPSsNAEMY3tWqt/6oevQSL4KkkIuqx6MVDhRZsKzQlbLbTdulmE3Yn0hL6VL6GL9Crgg/gTby4/QPW6gcLH7+Z2Rm+IBZco+NMrMxadn1jM7eV397Z3dsvHBw2dJQoBnUWiUg9BlSD4BLqyFHAY6yAhoGAZjC4ndabT6A0j+QDjmJoh7QneZczigb5hXsPYYizf1IFnXFa8ytjz8svYTai8j+OQMUPByH8il8oOiVnJvuvcRemSBaq+oV3rxOxJASJTFCtW64TYzulCjkTMM57iYaYsgHtQctYSUPQ7XS2f2yfGtKxu5EyT6I9o8sTKQ21HoWB6Qwp9vVqbQr/q7US7F63Uy7jBEGy+aJuImyM7GmGdocrYChGxlCmuLnVZn2qKEOT9K8tw/mpeROMuxrDX9M4L7mXJad2USzfLCLKkWNyQs6IS65ImdyRKqkTRp7JhLySN+vF+rA+ra95a8ZazByRX8pkvwFLF7XT</latexit>

QL

QL

QL

`L

<latexit sha1_base64="8o8fDjxd+iI6dfdEd74OQlvmI00=">AAACR3icbZDLSsNAFIYn9VbrrerSTbAIrkoioi5FN+KqFnuBpoTJ5NQOnUzCzIlYQt/J1/AFBFe6cutOXDq9ILXtDwM/3zlnzuEPEsE1Os6blVtaXlldy68XNja3tneKu3t1HaeKQY3FIlbNgGoQXEINOQpoJgpoFAhoBL3rYb3xCErzWN5jP4F2RB8k73BG0SC/eOshPOHon0xBOMhCvzrwvMIUZn0qF3EEKv44+FW/WHLKzkj2vHEnpkQmqvjFTy+MWRqBRCao1i3XSbCdUYWcCRgUvFRDQlmPPkDLWEkj0O1stHxgHxkS2p1YmSfRHtHpiYxGWvejwHRGFLt6tjaEi2qtFDsX7YzLJEWQbLyokwobY3sYoB1yBQxF3xjKFDe32qxLFWVoYv635Wl8asEE487GMG/qJ2X3rOzcnZYuryYR5ckBOSTHxCXn5JLckAqpEUaeySt5Jx/Wi/VlfVs/49acNZnZJ/+Us34BIAO00g==</latexit>

dR

dR

dR

eR

<latexit sha1_base64="cJkfsaTTI+WOlSQLH6m2KelDJC0=">AAACSXicbZDJSgNBEIZ7EpcYt6hHL4NB8BRmRNRj0IsHD1HMApkQejqVpElPz9BdIwlDXsrX8AX0qAfv3sSTnQXM9kPDz1dVXcXvR4JrdJx3K5VeW9/YzGxlt3d29/ZzB4cVHcaKQZmFIlQ1n2oQXEIZOQqoRQpo4Auo+r3bUb36DErzUD7hIIJGQDuStzmjaFAzd+8h9HH8T6KgNUzi5uPQ87IzmA2oXMURqPjn0phmLu8UnLHsZeNOTZ5MVWrmvrxWyOIAJDJBta67ToSNhCrkTMAw68UaIsp6tAN1YyUNQDeS8fqhfWpIy26HyjyJ9pjOTiQ00HoQ+KYzoNjVi7URXFWrx9i+biRcRjGCZJNF7VjYGNqjCO0WV8BQDIyhTHFzq826VFGGJui5Lf3JqVkTjLsYw7KpnBfcy4LzcJEv3kwjypBjckLOiEuuSJHckRIpE0ZeyBv5IJ/Wq/Vt/Vi/k9aUNZ05InNKpf8AW0K18w==</latexit>uR

uR

uR

⌫R

[Pati, Salam, 1974]



Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Quark-Lepton Unification

<latexit sha1_base64="1/TdywxHCymTf2GojyiMokkiAtc=">AAACSnicbZDPSsNAEMY3tWqt/6oevQSL4KkkIuqx6MVDhRZsKzQlbLbTdulmE3Yn0hL6VL6GL9Crgg/gTby4/QPW6gcLH7+Z2Rm+IBZco+NMrMxadn1jM7eV397Z3dsvHBw2dJQoBnUWiUg9BlSD4BLqyFHAY6yAhoGAZjC4ndabT6A0j+QDjmJoh7QneZczigb5hXsPYYizf1IFnXFa8ytjz8svYTai8j+OQMUPByH8il8oOiVnJvuvcRemSBaq+oV3rxOxJASJTFCtW64TYzulCjkTMM57iYaYsgHtQctYSUPQ7XS2f2yfGtKxu5EyT6I9o8sTKQ21HoWB6Qwp9vVqbQr/q7US7F63Uy7jBEGy+aJuImyM7GmGdocrYChGxlCmuLnVZn2qKEOT9K8tw/mpeROMuxrDX9M4L7mXJad2USzfLCLKkWNyQs6IS65ImdyRKqkTRp7JhLySN+vF+rA+ra95a8ZazByRX8pkvwFLF7XT</latexit>

QL

QL

QL

`L

<latexit sha1_base64="8o8fDjxd+iI6dfdEd74OQlvmI00=">AAACR3icbZDLSsNAFIYn9VbrrerSTbAIrkoioi5FN+KqFnuBpoTJ5NQOnUzCzIlYQt/J1/AFBFe6cutOXDq9ILXtDwM/3zlnzuEPEsE1Os6blVtaXlldy68XNja3tneKu3t1HaeKQY3FIlbNgGoQXEINOQpoJgpoFAhoBL3rYb3xCErzWN5jP4F2RB8k73BG0SC/eOshPOHon0xBOMhCvzrwvMIUZn0qF3EEKv44+FW/WHLKzkj2vHEnpkQmqvjFTy+MWRqBRCao1i3XSbCdUYWcCRgUvFRDQlmPPkDLWEkj0O1stHxgHxkS2p1YmSfRHtHpiYxGWvejwHRGFLt6tjaEi2qtFDsX7YzLJEWQbLyokwobY3sYoB1yBQxF3xjKFDe32qxLFWVoYv635Wl8asEE487GMG/qJ2X3rOzcnZYuryYR5ckBOSTHxCXn5JLckAqpEUaeySt5Jx/Wi/VlfVs/49acNZnZJ/+Us34BIAO00g==</latexit>

dR

dR

dR

eR

<latexit sha1_base64="cJkfsaTTI+WOlSQLH6m2KelDJC0=">AAACSXicbZDJSgNBEIZ7EpcYt6hHL4NB8BRmRNRj0IsHD1HMApkQejqVpElPz9BdIwlDXsrX8AX0qAfv3sSTnQXM9kPDz1dVXcXvR4JrdJx3K5VeW9/YzGxlt3d29/ZzB4cVHcaKQZmFIlQ1n2oQXEIZOQqoRQpo4Auo+r3bUb36DErzUD7hIIJGQDuStzmjaFAzd+8h9HH8T6KgNUzi5uPQ87IzmA2oXMURqPjn0phmLu8UnLHsZeNOTZ5MVWrmvrxWyOIAJDJBta67ToSNhCrkTMAw68UaIsp6tAN1YyUNQDeS8fqhfWpIy26HyjyJ9pjOTiQ00HoQ+KYzoNjVi7URXFWrx9i+biRcRjGCZJNF7VjYGNqjCO0WV8BQDIyhTHFzq826VFGGJui5Lf3JqVkTjLsYw7KpnBfcy4LzcJEv3kwjypBjckLOiEuuSJHckRIpE0ZeyBv5IJ/Wq/Vt/Vi/k9aUNZ05InNKpf8AW0K18w==</latexit>uR

uR

uR

⌫R
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Only one step away from the SM

Quark-Lepton Unification

SU(4)c ⌦ SU(2)L ⌦ U(1)R SU(3)c ⌦ SU(2)L ⌦ U(1)Y SU(3)c ⌦ U(1)Q
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unification framework

Only one step away from the SM

Quark-Lepton Unification

SU(4)⌦ SU(2)⌦U(1)R
<latexit sha1_base64="nuvFZcoEjrcq6QfX03N8WQaAiVY=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQxCvIRdEfUY9OLNiOYB2RBmJ51kyOyDmV4xLAF/xYsHRbz6Hd78GyfJHjSxoKGo6qa7y4+l0Og439bC4tLyympuLb++sbm1be/s1nSUKA5VHslINXymQYoQqihQQiNWwAJfQt0fXI39+gMoLaLwHocxtALWC0VXcIZGatv7HsIjpnc3o6LrHFNPJ7EGbNsFp+RMQOeJm5ECyVBp219eJ+JJACFyybRuuk6MrZQpFFzCKO8lGmLGB6wHTUNDFoBupZPzR/TIKB3ajZSpEOlE/T2RskDrYeCbzoBhX896Y/E/r5lg96KVijBOEEI+XdRNJMWIjrOgHaGAoxwawrgS5lbK+0wxjiaxvAnBnX15ntROSu5Zybk9LZQvszhy5IAckiJxyTkpk2tSIVXCSUqeySt5s56sF+vd+pi2LljZzB75A+vzB0xblQ8=</latexit>

SO(10) �

[Pati, Salam, 1974]



Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unification framework

Predicts fermion flavor violation

Only one step away from the SM

Quark-Lepton Unification

<latexit sha1_base64="OoXmiuc0UGy/0TKTybWJV1Zj2X8="></latexit>

� ⇠ (15, 2, 1/2) =

✓
�MW �3

�4 0

◆
+ T4H2,

<latexit sha1_base64="i04AOeqXKz24Y3kXM7EEctQ4fT0="></latexit>

Y4 =

r
3

2

MD �ME

v sin�

[Smirnov, 1995], [Fileviez-Perez, Wise, 2013]



Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unification framework

Predicts fermion flavor violation

Only one step away from the SM

Quark-Lepton Unification
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Baryon number is preserved at the renormalizable level



Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unification framework

Predicts fermion flavor violation

Only one step away from the SM

Quark-Lepton Unification

Baryon number is preserved at the renormalizable level

PS-symmetry protects baryon number at the non-
renormalizable too!

[C.M, Wise, 2021]
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unification framework

Predicts fermion flavor violation

Only one step away from the SM

Quark-Lepton Unification

Baryon number is preserved at the renormalizable level

PS-symmetry protects baryon number at the non-renormalizable too!

Can be realized at the low scale
[Fileviez-Perez, Wise, 2013], [Fileviez-Perez, C.M., 2022]
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unifi
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fication

Baryon number is preserved at the renormalizable level

PS-symmetry protects baryon number at the non-renormalizable too!

Can address the ratios
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Can be realized at the low scale

[Fileviez-Perez, C.M., Plascencia, 2021], [Fileviez-Perez, C.M., 2022]
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unifi

fl



fication

Baryon number is preserved at the renormalizable level

PS-symmetry protects baryon number at the non-renormalizable too!

Can be realized at the low scale
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Quarks and leptons are treated under the same footing

SU(4)⌦ SU(2)⌦U(1)R

Very economical fermion content

Allows for a unifi

fl





fication

Baryon number is preserved at the renormalizable level

PS-symmetry protects baryon number at the non-renormalizable too!

Can address the ratios

And we’ll be able to test that soon!
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<latexit sha1_base64="drEYlO3x3z9T+7Mg9mZCzusTGzI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahuiiJiLosuhHcVLEPaGOYTCft0MmDmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3Hi/mTCrL+jYKS8srq2vF9dLG5tb2jrlbbskoEYQ2ScQj0fGwpJyFtKmY4rQTC4oDj9O2N7qa+O1HKiSLwns1jqkT4EHIfEaw0pJrltMewRzdZW5685BWj4+yzDUrVs2aAi0SOycVyNFwza9ePyJJQENFOJaya1uxclIsFCOcZqVeImmMyQgPaFfTEAdUOun09gwdaqWP/EjoChWaqr8nUhxIOQ483RlgNZTz3kT8z+smyr9wUhbGiaIhmS3yE45UhCZBoD4TlCg+1gQTwfStiAyxwETpuEo6BHv+5UXSOqnZZzXr9rRSv8zjKMI+HEAVbDiHOlxDA5pA4Ame4RXejMx4Md6Nj1lrwchn9uAPjM8fDlqTzQ==</latexit>

RK(⇤)
<latexit sha1_base64="/lhYB70Opt4iBhEk6/NXcR1NuQ0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahuiiJiLos6sJlFfuANobJdNIOnTyYmYgl5FfcuFDErT/izr9x2mahrQcuHM65l3vv8WLOpLKsb6OwtLyyulZcL21sbm3vmLvllowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o6uJ336kQrIovFfjmDoBHoTMZwQrLblmOe0RzNFd5qbXD2n1+CjLXLNi1awp0CKxc1KBHA3X/Or1I5IENFSEYym7thUrJ8VCMcJpVuolksaYjPCAdjUNcUClk05vz9ChVvrIj4SuUKGp+nsixYGU48DTnQFWQznvTcT/vG6i/AsnZWGcKBqS2SI/4UhFaBIE6jNBieJjTTARTN+KyBALTJSOq6RDsOdfXiStk5p9VrNuTyv1yzyOIuzDAVTBhnOoww00oAkEnuAZXuHNyIwX4934mLUWjHxmD/7A+PwBA42Txg==</latexit>

RD(⇤)and

[Fileviez-Perez, C.M., 2022]
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New Physics     electrons 

Unpopular Opinion
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<latexit sha1_base64="3qLvlAFoMNfggqGf52Uk3PT/NP8="></latexit>
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<latexit sha1_base64="jzZhrzcjJ4bOhJZNITRo3MKUjYo=">AAACDnicbVDNTsJAGNziH+Jf0aOXjcTEE2mJUS8mRC6eDCYUMFCb7bKFDdtts7tVScM7+AJe9Q28Ga++gi/gc7hADwJOspvJzPflm4wfMyqVZX0buZXVtfWN/GZha3tnd88s7jdllAhMHByxSLR9JAmjnDiKKkbasSAo9Blp+cPaxG89ECFpxBtqFBM3RH1OA4qR0pJnFrFXuXS82n0D3nkV/d94ZskqW1PAZWJnpAQy1D3zp9uLcBISrjBDUnZsK1ZuioSimJFxoZtIEiM8RH3S0ZSjkEg3nUYfw2Ot9GAQCf24glP170aKQilHoa8nQ6QGctGbiP95nUQFF25KeZwowvHsUJAwqCI46QH2qCBYsZEmCAuqs0I8QAJhpduau/I0i1rQxdiLNSyTZqVsn5Wt29NS9SqrKA8OwRE4ATY4B1VwDerAARg8ghfwCt6MZ+Pd+DA+Z6M5I9s5AHMwvn4BQnSa5A==</latexit>

c2 = UT
CY T

2 N
<latexit sha1_base64="Fzc9vmf9H21qSzVGkd7RzFkzipU="></latexit>
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )
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1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="yUgbqCzmGXc35lhx6TbglaCAmuU="></latexit>

Im{CS
LL} ⇠ 6.75

sin�

sin ✓c
c232 ⇠ 0.5

Extra: Charged Anomalies
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



￼τ → ℓiℓ̄jℓk

1

⌧ e

�4

q

�, Z

`

`

+

⌧

�4�4

q
e

e
q

e

, (1)

Br(⌧� ! µ�µ+µ�)

Br(⌧� ! µ�e+e�)

Br(⌧� ! e+µ+µ�)

Br(⌧� ! µ+e+e�)

Br(⌧� ! e�µ+µ�)

Br(⌧� ! e�e+e�)

Br(⌧� ! µ�µ+µ�)

Br(⌧� ! µ�e+e�)

Br(⌧� ! e+µ+µ�)

Br(⌧� ! µ+e+e�)

Br(⌧� ! e�µ+µ�)

Br(⌧� ! e�e+e�)

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



￼τ → ℓiℓ̄jℓk

Br(⌧� ! µ�µ+µ�)

Br(⌧� ! µ�e+e�)

Br(⌧� ! e+µ+µ�)

Br(⌧� ! µ+e+e�)

Br(⌧� ! e�µ+µ�)

Br(⌧� ! e�e+e�)

Br(⌧� ! µ�µ+µ�)

Br(⌧� ! µ�e+e�)

Br(⌧� ! e+µ+µ�)

Br(⌧� ! µ+e+e�)

Br(⌧� ! e�µ+µ�)

Br(⌧� ! e�e+e�)

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

⇠ O(10�10)

1

⌧ e

�4

b,t

�, Z

`

`

+

⌧

�4�4

b,t
e

e
b,t

e

, (1)



Hadronic ￼ decaysτ
<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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r
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v sin�
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@
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1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>
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Channel Non-zero contributions Exp. bound Prediction / Constraint

Br(⌧ ! ⌘ e) / |c234 (c214 )⇤|2 < 9.2⇥ 10�8 | sin ✓c| & 0.042

Br(⌧ ! ⌘0 e) / |c234 (c214 )⇤|2 < 1.6⇥ 10�7 ' 6.7⇥ 10�11 (sin ✓c)
�2

Br(⌧ ! � e) / |c234 (c214 )⇤|2 < 3.1⇥ 10�8 | sin ✓c| & 0.16

Coe�cient e+e� [c214 (c314 )⇤ e+⌧� [c314 (c234 )⇤] and ⌧+e� [c334 (c214 )⇤] ⌧+⌧� [c334 (c234 )⇤]

q2 ⇢ [1.1, 6] full q2 range q2 ⇢ [(me +m⌧ )2, 6] full q2 range

aB!K`1`2 1.43⇥ 10�7 0 0 1.29⇥ 10�7

bB!K`1`2 �2.56⇥ 10�9 0 0 �2.47⇥ 10�8

cB!K`1`2 9.13⇥ 10�9 1.96⇥ 10�8 1.22⇥ 10�9 8.10⇥ 10�9

aB!K⇤`1`2 4.74⇥ 10�6 0 0 2.43⇥ 10�6

bB!K⇤`1`2 �4.21⇥ 10�7 0 0 5.96⇥ 10�7

cB!K⇤`1`2 3.44⇥ 10�7 7.65⇥ 10�7 4.19⇥ 10�8 1.79⇥ 10�7

aBs!�`1`2 5.11⇥ 10�6 0 0 2.27⇥ 10�6

bBs!�`1`2 �4.67⇥ 10�7 0 0 5.98⇥ 10�7

cBs!�`1`2 3.73⇥ 10�7 7.74⇥ 10�7 4.44⇥ 10�8 1.70⇥ 10�7
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Hadronic ￼ decaysτ
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Channel Non-zero contributions Exp. bound Prediction / Constraint

Br(⌧ ! ⌘ e) / |c234 (c214 )⇤|2 < 9.2⇥ 10�8 | sin ✓c| & 0.042

Br(⌧ ! ⌘0 e) / |c234 (c214 )⇤|2 < 1.6⇥ 10�7 ' 6.7⇥ 10�11 (sin ✓c)
�2

Br(⌧ ! � e) / |c234 (c214 )⇤|2 < 3.1⇥ 10�8 | sin ✓c| & 0.16

Coe�cient e+e� [c214 (c314 )⇤ e+⌧� [c314 (c234 )⇤] and ⌧+e� [c334 (c214 )⇤] ⌧+⌧� [c334 (c234 )⇤]

q2 ⇢ [1.1, 6] full q2 range q2 ⇢ [(me +m⌧ )2, 6] full q2 range

aB!K`1`2 1.43⇥ 10�7 0 0 1.29⇥ 10�7

bB!K`1`2 �2.56⇥ 10�9 0 0 �2.47⇥ 10�8

cB!K`1`2 9.13⇥ 10�9 1.96⇥ 10�8 1.22⇥ 10�9 8.10⇥ 10�9

aB!K⇤`1`2 4.74⇥ 10�6 0 0 2.43⇥ 10�6

bB!K⇤`1`2 �4.21⇥ 10�7 0 0 5.96⇥ 10�7

cB!K⇤`1`2 3.44⇥ 10�7 7.65⇥ 10�7 4.19⇥ 10�8 1.79⇥ 10�7

aBs!�`1`2 5.11⇥ 10�6 0 0 2.27⇥ 10�6

bBs!�`1`2 �4.67⇥ 10�7 0 0 5.98⇥ 10�7

cBs!�`1`2 3.73⇥ 10�7 7.74⇥ 10�7 4.44⇥ 10�8 1.70⇥ 10�7

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>

c4 =

r
3

2

1

v sin�

0

@
0 �mµV 12 �m⌧V 13

ms(V ⇤
c )

21 ms(V ⇤
c )

22 �mµV 22 ms(V ⇤
c )

23 �m⌧V 23

mb(V ⇤
c )

31 mb(V ⇤
c )

32 �mµV 32 mb(V ⇤
c )

33 �m⌧V 33

1

A .

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>
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Channel Non-zero contributions Exp. bound Prediction / Constraint

Br(⌧ ! ⌘ e) / |c234 (c214 )⇤|2 < 9.2⇥ 10�8 | sin ✓c| & 0.042

Br(⌧ ! ⌘0 e) / |c234 (c214 )⇤|2 < 1.6⇥ 10�7 ' 6.7⇥ 10�11 (sin ✓c)
�2

Br(⌧ ! � e) / |c234 (c214 )⇤|2 < 3.1⇥ 10�8 | sin ✓c| & 0.16

Coe�cient e+e� [c214 (c314 )⇤ e+⌧� [c314 (c234 )⇤] and ⌧+e� [c334 (c214 )⇤] ⌧+⌧� [c334 (c234 )⇤]

q2 ⇢ [1.1, 6] full q2 range q2 ⇢ [(me +m⌧ )2, 6] full q2 range

aB!K`1`2 1.43⇥ 10�7 0 0 1.29⇥ 10�7

bB!K`1`2 �2.56⇥ 10�9 0 0 �2.47⇥ 10�8

cB!K`1`2 9.13⇥ 10�9 1.96⇥ 10�8 1.22⇥ 10�9 8.10⇥ 10�9

aB!K⇤`1`2 4.74⇥ 10�6 0 0 2.43⇥ 10�6

bB!K⇤`1`2 �4.21⇥ 10�7 0 0 5.96⇥ 10�7

cB!K⇤`1`2 3.44⇥ 10�7 7.65⇥ 10�7 4.19⇥ 10�8 1.79⇥ 10�7

aBs!�`1`2 5.11⇥ 10�6 0 0 2.27⇥ 10�6

bBs!�`1`2 �4.67⇥ 10�7 0 0 5.98⇥ 10�7

cBs!�`1`2 3.73⇥ 10�7 7.74⇥ 10�7 4.44⇥ 10�8 1.70⇥ 10�7
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Meson leptonic decays

1
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Channel Non-zero contributions Exp. bound Prediction / Constraint

Br(⌧ ! ⌘ e) / |c234 (c214 )⇤|2 < 9.2⇥ 10�8 | sin ✓c| & 0.042

Br(⌧ ! ⌘0 e) / |c234 (c214 )⇤|2 < 1.6⇥ 10�7 ' 6.7⇥ 10�11 (sin ✓c)
�2

Br(⌧ ! � e) / |c234 (c214 )⇤|2 < 3.1⇥ 10�8 | sin ✓c| & 0.16

Coe�cient e+e� [c214 (c314 )⇤ e+⌧� [c314 (c234 )⇤] and ⌧+e� [c334 (c214 )⇤] ⌧+⌧� [c334 (c234 )⇤]

q2 ⇢ [1.1, 6] full q2 range q2 ⇢ [(me +m⌧ )2, 6] full q2 range

aB!K`1`2 1.43⇥ 10�7 0 0 1.29⇥ 10�7

bB!K`1`2 �2.56⇥ 10�9 0 0 �2.47⇥ 10�8

cB!K`1`2 9.13⇥ 10�9 1.96⇥ 10�8 1.22⇥ 10�9 8.10⇥ 10�9

aB!K⇤`1`2 4.74⇥ 10�6 0 0 2.43⇥ 10�6

bB!K⇤`1`2 �4.21⇥ 10�7 0 0 5.96⇥ 10�7

cB!K⇤`1`2 3.44⇥ 10�7 7.65⇥ 10�7 4.19⇥ 10�8 1.79⇥ 10�7

aBs!�`1`2 5.11⇥ 10�6 0 0 2.27⇥ 10�6

bBs!�`1`2 �4.67⇥ 10�7 0 0 5.98⇥ 10�7

cBs!�`1`2 3.73⇥ 10�7 7.74⇥ 10�7 4.44⇥ 10�8 1.70⇥ 10�7

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

1

Channel Non-zero contributions Exp. bound [? ] Prediction / Constraint

Br(Bs ! e+e�) / |c214 (c314 )⇤|2 < 2.8⇥ 10�7 ' 1.2⇥ 10�13

Br(Bs ! e+⌧�) / |c314 (c234 )⇤|2 � ' 1.3⇥ 10�5 (cos ✓c)
�2

Br(Bs ! ⌧+e�) / |c334 (c214 )⇤|2 � ' 3.7⇥ 10�8 (tan ✓c)
�2

Br(Bs ! ⌧+⌧�) / |c334 (c234 )⇤|2 < 6.8⇥ 10�3 | sin ✓c| & 0.06



Charged semileptonic decays of mesons

Br(B ! Ke+e�) ' 1.15⇥ Br(B ! Ke+e�)SM, for q2 � [1.1, 6] GeV2

Br(B ! K⇤e+e�) ' 1.23⇥ Br(B ! K⇤e+e�)SM, for q2 � [0.045, 6] GeV2

Br(Bs ! � e+e�) ' 1.27⇥ Br(Bs ! � e+e�)SM, for q2 � [1.1, 6] GeV2.
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�
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<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



Charged semileptonic decays of mesons
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Channel Non-zero contributions Exp. bound Prediction / Constraint

Br(⌧ ! ⌘ e) / |c234 (c214 )⇤|2 < 9.2⇥ 10�8 | sin ✓c| & 0.042

Br(⌧ ! ⌘0 e) / |c234 (c214 )⇤|2 < 1.6⇥ 10�7 ' 6.7⇥ 10�11 (sin ✓c)
�2

Br(⌧ ! � e) / |c234 (c214 )⇤|2 < 3.1⇥ 10�8 | sin ✓c| & 0.16

Coe�cient e+e� [c214 (c314 )⇤ e+⌧� [c314 (c234 )⇤] and ⌧+e� [c334 (c214 )⇤] ⌧+⌧� [c334 (c234 )⇤]

q2 ⇢ [1.1, 6] full q2 range q2 ⇢ [(me +m⌧ )2, 6] full q2 range

aB!K`1`2 1.43⇥ 10�7 0 0 1.29⇥ 10�7

bB!K`1`2 �2.56⇥ 10�9 0 0 �2.47⇥ 10�8

cB!K`1`2 9.13⇥ 10�9 1.96⇥ 10�8 1.22⇥ 10�9 8.10⇥ 10�9

aB!K⇤`1`2 4.74⇥ 10�6 0 0 2.43⇥ 10�6

bB!K⇤`1`2 �4.21⇥ 10�7 0 0 5.96⇥ 10�7

cB!K⇤`1`2 3.44⇥ 10�7 7.65⇥ 10�7 4.19⇥ 10�8 1.79⇥ 10�7

aBs!�`1`2 5.11⇥ 10�6 0 0 2.27⇥ 10�6

bBs!�`1`2 �4.67⇥ 10�7 0 0 5.98⇥ 10�7

cBs!�`1`2 3.73⇥ 10�7 7.74⇥ 10�7 4.44⇥ 10�8 1.70⇥ 10�7

<latexit sha1_base64="FCsnNCNXcKsqaURbKdOU85bsKxM="></latexit>
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<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0
<latexit sha1_base64="l5zc2KguQZOp1B3g5fsihIrfizU=">AAACJHicbVC7SgNBFJ2NrxhfUUubwSBaaNgVUcugjWUE84BsWGYnN8mQ2QczdyVhySf4G/6Arf6BnVjYWPodTh6FSTwwcDjn3rmH48dSaLTtLyuztLyyupZdz21sbm3v5Hf3qjpKFIcKj2Sk6j7TIEUIFRQooR4rYIEvoeb3bkd+7RGUFlH4gIMYmgHrhKItOEMjefnjs8DT1D2lLkIfx/+lClrD1OWRpkbtAjKPD718wS7aY9BF4kxJgUxR9vI/biviSQAhcsm0bjh2jM2UKRRcwjDnJhpixnusAw1DQxaAbqbjAEN6ZJQWbUfKvBDpWP27kbJA60Hgm8mAYVfPeyPxP6+RYPu6mYowThBCPjnUTiTFiI7aoS2hgKMcGMK4EiYr5V2mGEfT4cyV/iRqzhTjzNewSKrnReeyaN9fFEo304qy5IAckhPikCtSInekTCqEkyfyQl7Jm/VsvVsf1udkNGNNd/bJDKzvX8vwpXA=</latexit>

�ms cos ✓c
<latexit sha1_base64="XSz8PHse4iYUQt0UwNb62VExezw=">AAACJHicbVDLSsNAFJ3Ud31VXboZLKILLYmIuhTduFSwKjQhTKa37dDJJMzcSEvIJ/gb/oBb/QN34sKNS7/D6WOh1gMDh3PunXs4USqFQdf9cEpT0zOzc/ML5cWl5ZXVytr6jUkyzaHOE5nou4gZkEJBHQVKuEs1sDiScBt1zwf+7T1oIxJ1jf0Ugpi1lWgJztBKYWVnPw4j6u9RH6GHw/9yDc0i941Q1KodQBbyIqxU3Zo7BJ0k3phUyRiXYeXLbyY8i0Ehl8yYhuemGORMo+ASirKfGUgZ77I2NCxVLAYT5MMABd22SpO2Em2fQjpUf27kLDamH0d2MmbYMX+9gfif18iwdRLkQqUZguKjQ61MUkzooB3aFBo4yr4ljGths1LeYZpxtB3+utIbRS3bYry/NUySm4Oad1Rzrw6rp2fjiubJJtkiu8Qjx+SUXJBLUiecPJAn8kxenEfn1Xlz3kejJWe8s0F+wfn8BrbOpWQ=</latexit>

�mb sin ✓c

<latexit sha1_base64="KA6Oxa02fmwnVg7LHdOD/7ztSlU=">AAACI3icbVDLSsNAFJ34rPVVdelmsCgupCQi6lJ047KCfUATwmRyawcnkzBzI5bQP/A3/AG3+gfuxI0Lt36H08dCqwcGDufcO/dwokwKg6774czMzs0vLJaWyssrq2vrlY3NpklzzaHBU5nqdsQMSKGggQIltDMNLIkktKLbi6HfugNtRKqusZ9BkLAbJbqCM7RSWNlLQkP9A+oj3OPou0JDPCh8IxS1ag+QhXwQVqpuzR2B/iXehFTJBPWw8uXHKc8TUMglM6bjuRkGBdMouIRB2c8NZIzfshvoWKpYAiYoRgEGdNcqMe2m2j6FdKT+3ChYYkw/iexkwrBnpr2h+J/XybF7GhRCZTmC4uND3VxSTOmwHBoLDRxl3xLGtbBZKe8xzTjaCn9duR9HLdtivOka/pLmYc07rrlXR9Wz80lFJbJNdsg+8cgJOSOXpE4ahJMH8kSeyYvz6Lw6b877eHTGmexskV9wPr8BYHKlPg==</latexit>

ms sin ✓c
<latexit sha1_base64="Wp+sBfGlVq2bzO9vfYtloBsBxhA=">AAACI3icbVC7SgNBFJ31GeMramkzGBQLCbsiahm0sYxgHpANy+zkJhky+2DmriQs+QN/wx+w1T+wExsLW7/DySaFSTwwcDjn3rmH48dSaLTtL2tpeWV1bT23kd/c2t7ZLezt13SUKA5VHslINXymQYoQqihQQiNWwAJfQt3v3479+iMoLaLwAYcxtALWDUVHcIZG8gongedT94y6CAPMvksVtEepyyNNjdoDZB4feYWiXbIz0EXiTEmRTFHxCj9uO+JJACFyybRuOnaMrZQpFFzCKO8mGmLG+6wLTUNDFoBupVmAET02Spt2ImVeiDRT/26kLNB6GPhmMmDY0/PeWPzPaybYuW6lIowThJBPDnUSSTGi43JoWyjgKIeGMK6EyUp5jynG0VQ4c2UwiZo3xTjzNSyS2nnJuSzZ9xfF8s20ohw5JEfklDjkipTJHamQKuHkibyQV/JmPVvv1of1ORldsqY7B2QG1vcvOr6lKA==</latexit>

mb cos ✓c

<latexit sha1_base64="Qt0X3TU89szxi4aKwbBmqKBG5s4="></latexit>

ms sin ✓c �m⌧ cos ✓

<latexit sha1_base64="G8eYuhqfLBlplMr+zQO1n9dvkK0=">AAAB/HicbVDLTgIxFL2DL8QX6tJNIzFxRWaMUZdENy4hkUcCE9Ipd6Ch05m0HSMh+ANu9Q/cGbf+iz/gd1hgFgKepMnJOffmnp4gEVwb1/12cmvrG5tb+e3Czu7e/kHx8Kih41QxrLNYxKoVUI2CS6wbbgS2EoU0CgQ2g+Hd1G8+otI8lg9mlKAf0b7kIWfUWKnmdoslt+zOQFaJl5ESZKh2iz+dXszSCKVhgmrd9tzE+GOqDGcCJ4VOqjGhbEj72LZU0gi1P54FnZAzq/RIGCv7pCEz9e/GmEZaj6LATkbUDPSyNxX/89qpCW/8MZdJalCy+aEwFcTEZPpr0uMKmREjSyhT3GYlbEAVZcZ2s3DlaR61YIvxlmtYJY2LsndVdmuXpcptVlEeTuAUzsGDa6jAPVShDgwQXuAV3pxn5935cD7nozkn2zmGBThfv5tylT8=</latexit>

0



<latexit sha1_base64="VL0t5TSt5ODTOyP9HTbB34cj9x8="></latexit>
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From empirical point of view
[Fileviez Perez, C.M, Plascencia, 2104.11229]



<latexit sha1_base64="VL0t5TSt5ODTOyP9HTbB34cj9x8="></latexit>
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<latexit sha1_base64="VL0t5TSt5ODTOyP9HTbB34cj9x8="></latexit>
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Anomalies in ￼  transitionsb → s

Status 2017

LHCb 
￼∼ 2.4σ

LHCb 
￼2.6σ



Anomalies in ￼  transitionsb → s

Status NOW

LHCb 
￼3.1σ



Anomalies in ￼  transitionsb → s

 

<latexit sha1_base64="s6urQRlhogOde0KiOEFOhZGksVA="></latexit>

Br(B ! K(⇤)`+`�)exp = Br(B ! K(⇤)`+`�)SM +�Cuniv
9

It could mimic NP!!!

LHCb-PAPER-2021-004

LHCb 
￼3.1σ

!


