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The Standard Model

Why are there 3 families of each SM fermion Þeld, in the same representation of the gauge 
group, differing only by their mass?

[King Õ17]

The Flavour Problem
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The Flavour Problem
Why such large hierarchy among fermion masses?

Why is ßavour mixing in the quark sector small compared to the lepton sector?

[Stone Ô12]

[King Õ17]
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Neutrino Masses
How are neutrino masses generated and why are they so small?

Type I Seesaw mechanism 

m! = v2y! M ! 1
N yT
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L ⌫ = y⌫L
†
HN +MNN

c
N + h.c.
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Include RH neutrinos which are singlets under the SM 

Large Majorana RHN masses 

[Minkowski Õ77]
[Yanagida Õ79]

[Gell-Mann, Ramond, Slansky Õ79]
[Ramond Õ98]
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Are neutrino masses modular forms?
[Feruglio Õ17]

[Criado, Feruglio Õ18]
[Novichkov, Penedo, Petcov, Titov Õ18]

[Kobayashi, Omoto, Shimizu, Kauai, Tanimoto, Tatsyusgu Õ18]
[Penedo, Petcov Õ18]

[Kobayahsi, Tanaka, Tatsuishi, Õ18]
[Novichkov, Penedo, Petcov, Titov Ô18]



SUSY FLAVOUR GUTs
! SUSY: gauge coupling uniÞcation, ameliorates the 

hierarchy problem.

! Grand UniÞed Theory: uniÞes fermions within each 
family and reproduces an universal mass matrix 
structure.

! Family symmetry: ÒHorizontalÓ uniÞcation of SM 
fermions.
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! Extra dimensions:

! GUT breaking through boundary conditions.

! Higgs doublet-triplet splitting.

! Origin of the family symmetry after orbifolding.

! No need of extra Þelds and alignment superpotentials.
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Extra  Dimensions
Our universe is 4D

Extra dimensions should be 
compactiÞed

Torus compactiÞcation

Superstring theory is 10D

The effective 4D Lagrangian is obtained after integrating out over 6D

S =

Z
d4xd6yL10D !

Z
d4xLeff
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Torus compactification
The torus can be deÞned through a two 
dimensional  lattice, with the identiÞcation 
of opposite edges: T2 = C
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The shape of the torus is represented by the modulus !

The different values of 
realize the different shapes of the torus 
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Im(⌧) > 0
<latexit sha1_base64="0AVQ7X8vVaTyWbKbwu/BI8LcLr0=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQkMRK4RVJuQ2tTOoJuSinx3HHW4c2cuM98NRPwXrYL6La2ibct+SrvGxyK1AwOHc77XnCAW3KDnfTuppeWV1bX0emZjc2t7J7u792BUoinzqRJK1wIwTHDJfOQoWC3WDKJAsGoQXo/86hPThit5j/2YNSPoSt7hFNBKj7dRvoGQHF96rWzOK3pjuIukNCU5MkWllf1ptBVNIiaRCjCmXvJibA5AI6eCDTONxLAYaAhdVrdUQsRMczC+eOgeWaXtdpS2T6I7Vv92DCAyph8FtjIC7Jl5byT+59UT7Jw3B1zGCTJJJ4s6iXBRuaPvu22uGUXRtwSo5vZWl/ZAA0Ub0syW0WxUSphCoCFkWAhECFpDf5ixWZXmk1kk/knxoujdnebKV9PQ0uSAHJI8KZEzUiY3pEJ8Qokkz+SVvDkvzrvz4XxOSlPOtGefzMD5+gUWqKAx</latexit><latexit sha1_base64="0AVQ7X8vVaTyWbKbwu/BI8LcLr0=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQkMRK4RVJuQ2tTOoJuSinx3HHW4c2cuM98NRPwXrYL6La2ibct+SrvGxyK1AwOHc77XnCAW3KDnfTuppeWV1bX0emZjc2t7J7u792BUoinzqRJK1wIwTHDJfOQoWC3WDKJAsGoQXo/86hPThit5j/2YNSPoSt7hFNBKj7dRvoGQHF96rWzOK3pjuIukNCU5MkWllf1ptBVNIiaRCjCmXvJibA5AI6eCDTONxLAYaAhdVrdUQsRMczC+eOgeWaXtdpS2T6I7Vv92DCAyph8FtjIC7Jl5byT+59UT7Jw3B1zGCTJJJ4s6iXBRuaPvu22uGUXRtwSo5vZWl/ZAA0Ub0syW0WxUSphCoCFkWAhECFpDf5ixWZXmk1kk/knxoujdnebKV9PQ0uSAHJI8KZEzUiY3pEJ8Qokkz+SVvDkvzrvz4XxOSlPOtGefzMD5+gUWqKAx</latexit><latexit sha1_base64="0AVQ7X8vVaTyWbKbwu/BI8LcLr0=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQkMRK4RVJuQ2tTOoJuSinx3HHW4c2cuM98NRPwXrYL6La2ibct+SrvGxyK1AwOHc77XnCAW3KDnfTuppeWV1bX0emZjc2t7J7u792BUoinzqRJK1wIwTHDJfOQoWC3WDKJAsGoQXo/86hPThit5j/2YNSPoSt7hFNBKj7dRvoGQHF96rWzOK3pjuIukNCU5MkWllf1ptBVNIiaRCjCmXvJibA5AI6eCDTONxLAYaAhdVrdUQsRMczC+eOgeWaXtdpS2T6I7Vv92DCAyph8FtjIC7Jl5byT+59UT7Jw3B1zGCTJJJ4s6iXBRuaPvu22uGUXRtwSo5vZWl/ZAA0Ub0syW0WxUSphCoCFkWAhECFpDf5ixWZXmk1kk/knxoujdnebKV9PQ0uSAHJI8KZEzUiY3pEJ8Qokkz+SVvDkvzrvz4XxOSlPOtGefzMD5+gUWqKAx</latexit>
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The different values of     realise the different shapes of the torus ⌧
<latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit><latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit><latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit>

However, there are very speciÞc transformations of     which donÕt change the torus ⌧
<latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit><latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit><latexit sha1_base64="3zjmv8pks1WyVbsbwL72rXRubfM=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpSQiqAuh4MZlBWMLbSg300k7ZJIJMzdCCP0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceLBddoWd/Gyura+sZmZau6vbO7t187OHzUMlGUOVQKqboeaCZ4xBzkKFg3VgxCT7COF9wWfueJKc1l9IBpzNwQRhH3OQUspD5CMqjVraY1hblM7JLUSYn2oPbTH0qahCxCKkDrnm3F6GagkFPBJtV+olkMNIAR6+U0gpBpN5veOjFPc2Vo+lLlL0Jzqv7tyCDUOg29vDIEHOtFrxD/83oJ+lduxqM4QRbR2SI/ESZKs/i4OeSKURRpToAqnt9q0jEooJjHM7elmI1SCt3wFAQMG54IQClIJ9U8K3sxmWXinDevm9b9Rb11U4ZWIcfkhJwRm1ySFrkjbeIQSsbkmbySN+PFeDc+jM9Z6YpR9hyRORhfv70onns=</latexit>

Modular transformations: ! ! ! 0
<latexit sha1_base64="zFYv4tQpNc0CC3HGSVa1nGec3UY="></latexit><latexit sha1_base64="zFYv4tQpNc0CC3HGSVa1nGec3UY="></latexit><latexit sha1_base64="zFYv4tQpNc0CC3HGSVa1nGec3UY="></latexit>



!9

Modular transformations
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Modular transformations
! ! ! ! =

a! + b
c! + d

<latexit sha1_base64="k2qeMeooyguTxf/FyFLgcUc2HSs="></latexit><latexit sha1_base64="k2qeMeooyguTxf/FyFLgcUc2HSs="></latexit><latexit sha1_base64="k2qeMeooyguTxf/FyFLgcUc2HSs="></latexit>

Modular group
ad ! bc = 1

<latexit sha1_base64="t0H6p9N2vfiLwENdUdqHf4/L6Hs=">AAACFHicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAul4MZlBWsLbSk3k2k7ZJIJMzdCCf0IV4J+iytx695PceekzcK2Hhg4nHNfc7xYcI2O820tLa+srq0XNoqbW9s7u6W9/UctE0VZg0ohVcsDzQSPWAM5CtaKFYPQE6zpBbeZ33xiSnMZPeAoZt0QBhHvcwpopCb4px69dnulslN1JrAXiZuTMslR75V+Or6kScgipAK0brtOjN0UFHIq2LjYSTSLgQYwYG1DIwiZ7qaTc8f2sVF8uy+VeRHaE/VvRwqh1qPQM5Uh4FDPe5n4n9dOsH/ZTXkUJ8giOl3UT4SN0s7+bvtcMYpiZAhQxc2tNh2CAoomoZkt2WyUUuiKpyBgWPFEAErBaFw0WbnzySySxln1qurcn5drN3loBXJIjsgJcckFqZE7UicNQklAnskrebNerHfrw/qcli5Zec8BmYH19QsE2Z8Z</latexit><latexit sha1_base64="t0H6p9N2vfiLwENdUdqHf4/L6Hs=">AAACFHicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAul4MZlBWsLbSk3k2k7ZJIJMzdCCf0IV4J+iytx695PceekzcK2Hhg4nHNfc7xYcI2O820tLa+srq0XNoqbW9s7u6W9/UctE0VZg0ohVcsDzQSPWAM5CtaKFYPQE6zpBbeZ33xiSnMZPeAoZt0QBhHvcwpopCb4px69dnulslN1JrAXiZuTMslR75V+Or6kScgipAK0brtOjN0UFHIq2LjYSTSLgQYwYG1DIwiZ7qaTc8f2sVF8uy+VeRHaE/VvRwqh1qPQM5Uh4FDPe5n4n9dOsH/ZTXkUJ8giOl3UT4SN0s7+bvtcMYpiZAhQxc2tNh2CAoomoZkt2WyUUuiKpyBgWPFEAErBaFw0WbnzySySxln1qurcn5drN3loBXJIjsgJcckFqZE7UicNQklAnskrebNerHfrw/qcli5Zec8BmYH19QsE2Z8Z</latexit><latexit sha1_base64="t0H6p9N2vfiLwENdUdqHf4/L6Hs=">AAACFHicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAul4MZlBWsLbSk3k2k7ZJIJMzdCCf0IV4J+iytx695PceekzcK2Hhg4nHNfc7xYcI2O820tLa+srq0XNoqbW9s7u6W9/UctE0VZg0ohVcsDzQSPWAM5CtaKFYPQE6zpBbeZ33xiSnMZPeAoZt0QBhHvcwpopCb4px69dnulslN1JrAXiZuTMslR75V+Or6kScgipAK0brtOjN0UFHIq2LjYSTSLgQYwYG1DIwiZ7qaTc8f2sVF8uy+VeRHaE/VvRwqh1qPQM5Uh4FDPe5n4n9dOsH/ZTXkUJ8giOl3UT4SN0s7+bvtcMYpiZAhQxc2tNh2CAoomoZkt2WyUUuiKpyBgWPFEAErBaFw0WbnzySySxln1qurcn5drN3loBXJIjsgJcckFqZE7UicNQklAnskrebNerHfrw/qcli5Zec8BmYH19QsE2Z8Z</latexit>

a, b, c, d! Z
<latexit sha1_base64="xOkARqW04ZdGsnnTYLt3C8gk9OM=">AAACJXicbVBNSwMxFMzW7/pVFbx4CRbBw1K2IqgXEbx4VLBWbEt5SVMbmk2W5K1Q1v4ZT4L+Fk8iePJ3eDNbe9DqQGCYeS9vGJYo6TCK3oPC1PTM7Nz8QnFxaXlltbS2fuVMarmocaOMvWbghJJa1FCiEteJFRAzJeqsf5r79TthnTT6EgeJaMVwq2VXckAvtUubELKQhx3alJo2Y8AeY9nNsF0qR5VoBPqXVMekTMY4b5c+mx3D01ho5Aqca1SjBFsZWJRciWGxmTqRAO/DrWh4qiEWrpWN8g/pjlc6tGusfxrpSP25kUHs3CBmfjJP6Ca9XPzPa6TYPWxlUicpCs2/D3VTRdHQvAzakVZwVANPgFvps1LeAwscfWW/ruR/ozHKhcxCX2DIVB+shcGw6LuqTjbzl9T2KkeV6GK/fHI8Lm2ebJFtskuq5ICckDNyTmqEk3vyQJ7Ic/AYvASvwdv3aCEY72yQXwg+vgAKt6VY</latexit><latexit sha1_base64="xOkARqW04ZdGsnnTYLt3C8gk9OM=">AAACJXicbVBNSwMxFMzW7/pVFbx4CRbBw1K2IqgXEbx4VLBWbEt5SVMbmk2W5K1Q1v4ZT4L+Fk8iePJ3eDNbe9DqQGCYeS9vGJYo6TCK3oPC1PTM7Nz8QnFxaXlltbS2fuVMarmocaOMvWbghJJa1FCiEteJFRAzJeqsf5r79TthnTT6EgeJaMVwq2VXckAvtUubELKQhx3alJo2Y8AeY9nNsF0qR5VoBPqXVMekTMY4b5c+mx3D01ho5Aqca1SjBFsZWJRciWGxmTqRAO/DrWh4qiEWrpWN8g/pjlc6tGusfxrpSP25kUHs3CBmfjJP6Ca9XPzPa6TYPWxlUicpCs2/D3VTRdHQvAzakVZwVANPgFvps1LeAwscfWW/ruR/ozHKhcxCX2DIVB+shcGw6LuqTjbzl9T2KkeV6GK/fHI8Lm2ebJFtskuq5ICckDNyTmqEk3vyQJ7Ic/AYvASvwdv3aCEY72yQXwg+vgAKt6VY</latexit><latexit sha1_base64="xOkARqW04ZdGsnnTYLt3C8gk9OM=">AAACJXicbVBNSwMxFMzW7/pVFbx4CRbBw1K2IqgXEbx4VLBWbEt5SVMbmk2W5K1Q1v4ZT4L+Fk8iePJ3eDNbe9DqQGCYeS9vGJYo6TCK3oPC1PTM7Nz8QnFxaXlltbS2fuVMarmocaOMvWbghJJa1FCiEteJFRAzJeqsf5r79TthnTT6EgeJaMVwq2VXckAvtUubELKQhx3alJo2Y8AeY9nNsF0qR5VoBPqXVMekTMY4b5c+mx3D01ho5Aqca1SjBFsZWJRciWGxmTqRAO/DrWh4qiEWrpWN8g/pjlc6tGusfxrpSP25kUHs3CBmfjJP6Ca9XPzPa6TYPWxlUicpCs2/D3VTRdHQvAzakVZwVANPgFvps1LeAwscfWW/ruR/ozHKhcxCX2DIVB+shcGw6LuqTjbzl9T2KkeV6GK/fHI8Lm2ebJFtskuq5ICckDNyTmqEk3vyQJ7Ic/AYvASvwdv3aCEY72yQXwg+vgAKt6VY</latexit>

�
<latexit sha1_base64="Lnv5b8JWSOmrrTXVYefsI5cxK5o=">AAACE3icbVBNSwJBGJ61L7Mvq2OXJQk6iKwRVDepQx0NWhVU5N1x1MmZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8wSR4AY979vJrKyurW9kN3Nb2zu7e/n9g5pRsabMp0oo3QjAMMFD5iNHwRqRZiADwerB8Cbx609MG67CBxxFrC2hH/Iep4BWqrVuQUro5AteyZvCXSbllBRIimon/9PqKhpLFiIVYEyz7EXYHoNGTgWb5FqxYRHQIfRZ09IQJDPt8fTaiXtila7bU9q+EN2p+rdjDNKYkQxspQQcmEUvEf/zmjH2LttjHkYxspDOFvVi4aJyk6+7Xa4ZRTGyBKjm9laXDkADRRvQ3JZkNiolTDHQMGRYDMQQtIbRJGezKi8ms0z8s9JVybs/L1Su09Cy5Igck1NSJhekQu5IlfiEkkfyTF7Jm/PivDsfzuesNOOkPYdkDs7XLwp4ny0=</latexit><latexit sha1_base64="Lnv5b8JWSOmrrTXVYefsI5cxK5o=">AAACE3icbVBNSwJBGJ61L7Mvq2OXJQk6iKwRVDepQx0NWhVU5N1x1MmZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8wSR4AY979vJrKyurW9kN3Nb2zu7e/n9g5pRsabMp0oo3QjAMMFD5iNHwRqRZiADwerB8Cbx609MG67CBxxFrC2hH/Iep4BWqrVuQUro5AteyZvCXSbllBRIimon/9PqKhpLFiIVYEyz7EXYHoNGTgWb5FqxYRHQIfRZ09IQJDPt8fTaiXtila7bU9q+EN2p+rdjDNKYkQxspQQcmEUvEf/zmjH2LttjHkYxspDOFvVi4aJyk6+7Xa4ZRTGyBKjm9laXDkADRRvQ3JZkNiolTDHQMGRYDMQQtIbRJGezKi8ms0z8s9JVybs/L1Su09Cy5Igck1NSJhekQu5IlfiEkkfyTF7Jm/PivDsfzuesNOOkPYdkDs7XLwp4ny0=</latexit><latexit sha1_base64="Lnv5b8JWSOmrrTXVYefsI5cxK5o=">AAACE3icbVBNSwJBGJ61L7Mvq2OXJQk6iKwRVDepQx0NWhVU5N1x1MmZnWXm3UDE/9ApqN/SKbr2A/op3ZrVPaT2wMDD87xf8wSR4AY979vJrKyurW9kN3Nb2zu7e/n9g5pRsabMp0oo3QjAMMFD5iNHwRqRZiADwerB8Cbx609MG67CBxxFrC2hH/Iep4BWqrVuQUro5AteyZvCXSbllBRIimon/9PqKhpLFiIVYEyz7EXYHoNGTgWb5FqxYRHQIfRZ09IQJDPt8fTaiXtila7bU9q+EN2p+rdjDNKYkQxspQQcmEUvEf/zmjH2LttjHkYxspDOFvVi4aJyk6+7Xa4ZRTGyBKjm9laXDkADRRvQ3JZkNiolTDHQMGRYDMQQtIbRJGezKi8ms0z8s9JVybs/L1Su09Cy5Igck1NSJhekQu5IlfiEkkfyTF7Jm/PivDsfzuesNOOkPYdkDs7XLwp4ny0=</latexit>

S2 = ( ST)3 = I
<latexit sha1_base64="My5UuEfQSW5CwVleebL39n6wsyU=">AAACJHicbVDLSgMxFM3UV62vqrhyM1iECqVMVVAXBdGN7hRbW+iLmzStoZnJkNwRytCPcSXot7gSF278D3dmahdqPRA4nHNv7uHQUAqDnvfupGZm5+YX0ouZpeWV1bXs+satUZFmvMqUVLpOwXApAl5FgZLXQ83Bp5LX6OA88Wv3XBuhggoOQ97yoR+InmCAVupkt27a++X8TWWvfVBu+oB3lMaXo0425xW9MdxpUpqQHJngqpP9bHYVi3weIJNgTKPkhdiKQaNgko8yzcjwENgA+rxhaQA+N614HH/k7lql6/aUti9Ad6z+3IjBN2boUzuZJDR/vUT8z2tE2DtuxSIII+QB+z7Ui6SLyk26cLtCc4ZyaAkwLWxWl92BBoa2sV9Xkr9RKWkKVMOAY4HKAWgNw1HGdlX628w0qe4XT4re9WHu9GxSWppskx2SJyVyRE7JBbkiVcJITB7IE3l2Hp0X59V5+x5NOZOdTfILzscXvfukpg==</latexit><latexit sha1_base64="My5UuEfQSW5CwVleebL39n6wsyU=">AAACJHicbVDLSgMxFM3UV62vqrhyM1iECqVMVVAXBdGN7hRbW+iLmzStoZnJkNwRytCPcSXot7gSF278D3dmahdqPRA4nHNv7uHQUAqDnvfupGZm5+YX0ouZpeWV1bXs+satUZFmvMqUVLpOwXApAl5FgZLXQ83Bp5LX6OA88Wv3XBuhggoOQ97yoR+InmCAVupkt27a++X8TWWvfVBu+oB3lMaXo0425xW9MdxpUpqQHJngqpP9bHYVi3weIJNgTKPkhdiKQaNgko8yzcjwENgA+rxhaQA+N614HH/k7lql6/aUti9Ad6z+3IjBN2boUzuZJDR/vUT8z2tE2DtuxSIII+QB+z7Ui6SLyk26cLtCc4ZyaAkwLWxWl92BBoa2sV9Xkr9RKWkKVMOAY4HKAWgNw1HGdlX628w0qe4XT4re9WHu9GxSWppskx2SJyVyRE7JBbkiVcJITB7IE3l2Hp0X59V5+x5NOZOdTfILzscXvfukpg==</latexit><latexit sha1_base64="My5UuEfQSW5CwVleebL39n6wsyU=">AAACJHicbVDLSgMxFM3UV62vqrhyM1iECqVMVVAXBdGN7hRbW+iLmzStoZnJkNwRytCPcSXot7gSF278D3dmahdqPRA4nHNv7uHQUAqDnvfupGZm5+YX0ouZpeWV1bXs+satUZFmvMqUVLpOwXApAl5FgZLXQ83Bp5LX6OA88Wv3XBuhggoOQ97yoR+InmCAVupkt27a++X8TWWvfVBu+oB3lMaXo0425xW9MdxpUpqQHJngqpP9bHYVi3weIJNgTKPkhdiKQaNgko8yzcjwENgA+rxhaQA+N614HH/k7lql6/aUti9Ad6z+3IjBN2boUzuZJDR/vUT8z2tE2DtuxSIII+QB+z7Ui6SLyk26cLtCc4ZyaAkwLWxWl92BBoa2sV9Xkr9RKWkKVMOAY4HKAWgNw1HGdlX628w0qe4XT4re9WHu9GxSWppskx2SJyVyRE7JBbkiVcJITB7IE3l2Hp0X59V5+x5NOZOdTfILzscXvfukpg==</latexit>

The Þnite modular group ! N ! { S, T|S2 = ( ST)3, TN = I}
<latexit sha1_base64="pA6G/waPF/zxltuUo/GicMrh14U="></latexit><latexit sha1_base64="pA6G/waPF/zxltuUo/GicMrh14U="></latexit><latexit sha1_base64="pA6G/waPF/zxltuUo/GicMrh14U="></latexit>

�2 ' S3
<latexit sha1_base64="A8Alod6vNH9QB8yLgcd23QceNX0=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYFtRMttIxoVEjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5jC14ELh3PuixOnSjoKw7dgbHxicmp6ZrYwN7+wuFRcXrlwJrMC68IoY69icKhkgnWSpPAqtQg6VngZd48G/uUdWidNck55ii0N14nsSAHkpahYah6D1hBt8aaTGm/5WbQdFcthJRyC/yXVESmzEWpR8aPZNiLTmJBQ4FyjGqbU6oElKRT2C83MYQqiC9fY8DQBja7VGz7f5+teafOOsb4S4kP1+0QPtHO5jn2nBrpxv72B+J/XyKiz1+rJJM0IE/F1qJMpToYPkuBtaVGQyj0BYaX/lYsbsCDI5/XjymA3GaPcZmyhi7QZqy5YC3m/4LOq/k7mL6lvVfYr4elO+eBwFNoMW2VrbINV2S47YCesxupMsJzds0f2FDwEz8FL8PrVOhaMZkrsB4L3T5pkpBE=</latexit><latexit sha1_base64="A8Alod6vNH9QB8yLgcd23QceNX0=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYFtRMttIxoVEjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5jC14ELh3PuixOnSjoKw7dgbHxicmp6ZrYwN7+wuFRcXrlwJrMC68IoY69icKhkgnWSpPAqtQg6VngZd48G/uUdWidNck55ii0N14nsSAHkpahYah6D1hBt8aaTGm/5WbQdFcthJRyC/yXVESmzEWpR8aPZNiLTmJBQ4FyjGqbU6oElKRT2C83MYQqiC9fY8DQBja7VGz7f5+teafOOsb4S4kP1+0QPtHO5jn2nBrpxv72B+J/XyKiz1+rJJM0IE/F1qJMpToYPkuBtaVGQyj0BYaX/lYsbsCDI5/XjymA3GaPcZmyhi7QZqy5YC3m/4LOq/k7mL6lvVfYr4elO+eBwFNoMW2VrbINV2S47YCesxupMsJzds0f2FDwEz8FL8PrVOhaMZkrsB4L3T5pkpBE=</latexit><latexit sha1_base64="A8Alod6vNH9QB8yLgcd23QceNX0=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYFtRMttIxoVEjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5jC14ELh3PuixOnSjoKw7dgbHxicmp6ZrYwN7+wuFRcXrlwJrMC68IoY69icKhkgnWSpPAqtQg6VngZd48G/uUdWidNck55ii0N14nsSAHkpahYah6D1hBt8aaTGm/5WbQdFcthJRyC/yXVESmzEWpR8aPZNiLTmJBQ4FyjGqbU6oElKRT2C83MYQqiC9fY8DQBja7VGz7f5+teafOOsb4S4kP1+0QPtHO5jn2nBrpxv72B+J/XyKiz1+rJJM0IE/F1qJMpToYPkuBtaVGQyj0BYaX/lYsbsCDI5/XjymA3GaPcZmyhi7QZqy5YC3m/4LOq/k7mL6lvVfYr4elO+eBwFNoMW2VrbINV2S47YCesxupMsJzds0f2FDwEz8FL8PrVOhaMZkrsB4L3T5pkpBE=</latexit>

! 4 ! S4
<latexit sha1_base64="xwCwn3VwxDrMqySJ4keZQzSweCw=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYCaidaaBnRqJCE5e7kRofM7Kwzd4Ul5FusBP0WK7ES/BE7JzGFrwMXDufcFydOlXQUhm/BxOTU9Mzs3HxhYXFpeaW4unbhTGYFNoRRxl7F4FDJBBskSeFVahF0rPAy7h0N/cs7tE6a5JzyFNsarhPZlQLIS1Gx1DoGrSGq8ZaTGm/5WVSLiuWwEo7A/5LqmJTZGPWo+NHqGJFpTEgocK5ZDVNq98GSFAoHhVbmMAXRg2tsepqARtfuj54f8E2vdHjXWF8J8ZH6faIP2rlcx75TA924395Q/M9rZtTda/dlkmaEifg61M0UJ8OHSfCOtChI5Z6AsNL/ysUNWBDk8/pxZbibjFFuO7bQQ9qOVQ+shXxQ8FlVfyfzlzR2KvuV8LRWPjgchzbH1tkG22JVtssO2AmrswYTLGf37JE9BQ/Bc/ASvH61TgTjmRL7geD9E594pBQ=</latexit><latexit sha1_base64="xwCwn3VwxDrMqySJ4keZQzSweCw=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYCaidaaBnRqJCE5e7kRofM7Kwzd4Ul5FusBP0WK7ES/BE7JzGFrwMXDufcFydOlXQUhm/BxOTU9Mzs3HxhYXFpeaW4unbhTGYFNoRRxl7F4FDJBBskSeFVahF0rPAy7h0N/cs7tE6a5JzyFNsarhPZlQLIS1Gx1DoGrSGq8ZaTGm/5WVSLiuWwEo7A/5LqmJTZGPWo+NHqGJFpTEgocK5ZDVNq98GSFAoHhVbmMAXRg2tsepqARtfuj54f8E2vdHjXWF8J8ZH6faIP2rlcx75TA924395Q/M9rZtTda/dlkmaEifg61M0UJ8OHSfCOtChI5Z6AsNL/ysUNWBDk8/pxZbibjFFuO7bQQ9qOVQ+shXxQ8FlVfyfzlzR2KvuV8LRWPjgchzbH1tkG22JVtssO2AmrswYTLGf37JE9BQ/Bc/ASvH61TgTjmRL7geD9E594pBQ=</latexit><latexit sha1_base64="xwCwn3VwxDrMqySJ4keZQzSweCw=">AAACInicbVC7SgNBFJ31bXxFU9oMBsFCwkYCaidaaBnRqJCE5e7kRofM7Kwzd4Ul5FusBP0WK7ES/BE7JzGFrwMXDufcFydOlXQUhm/BxOTU9Mzs3HxhYXFpeaW4unbhTGYFNoRRxl7F4FDJBBskSeFVahF0rPAy7h0N/cs7tE6a5JzyFNsarhPZlQLIS1Gx1DoGrSGq8ZaTGm/5WVSLiuWwEo7A/5LqmJTZGPWo+NHqGJFpTEgocK5ZDVNq98GSFAoHhVbmMAXRg2tsepqARtfuj54f8E2vdHjXWF8J8ZH6faIP2rlcx75TA924395Q/M9rZtTda/dlkmaEifg61M0UJ8OHSfCOtChI5Z6AsNL/ysUNWBDk8/pxZbibjFFuO7bQQ9qOVQ+shXxQ8FlVfyfzlzR2KvuV8LRWPjgchzbH1tkG22JVtssO2AmrswYTLGf37JE9BQ/Bc/ASvH61TgTjmRL7geD9E594pBQ=</latexit>

! 3 ! A4
<latexit sha1_base64="0/srA4HHdSzZjPeQpwTkk90QChA=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYaOC2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa4Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVu6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgB/q6QB</latexit><latexit sha1_base64="0/srA4HHdSzZjPeQpwTkk90QChA=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYaOC2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa4Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVu6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgB/q6QB</latexit><latexit sha1_base64="0/srA4HHdSzZjPeQpwTkk90QChA=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYaOC2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa4Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVu6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgB/q6QB</latexit>

! 5 ! A5
<latexit sha1_base64="p8+vTvB6Quy6Yi2YMzyAcSGHB00=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYSOK2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa5Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVO6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgCEv6QE</latexit><latexit sha1_base64="p8+vTvB6Quy6Yi2YMzyAcSGHB00=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYSOK2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa5Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVO6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgCEv6QE</latexit><latexit sha1_base64="p8+vTvB6Quy6Yi2YMzyAcSGHB00=">AAACInicbVC7SgNBFJ31bXxFLW0Gg2AhYSOK2vkotFQwGkjCcndyo0NmdtaZu8IS8i1Wgn6LlVgJ/oidk5hCowcuHM65L06cKukoDN+DsfGJyanpmdnC3PzC4lJxeeXKmcwKrAqjjK3F4FDJBKskSWEttQg6Vngdd076/vU9WidNckl5ik0NN4lsSwHkpai42jgFrSHa5Q0nNd7xo2g3KpbCcjgA/0sqQ1JiQ5xHxc9Gy4hMY0JCgXP1SphSswuWpFDYKzQyhymIDtxg3dMENLpmd/B8j294pcXbxvpKiA/UnxNd0M7lOvadGujWjXp98T+vnlF7v9mVSZoRJuL7UDtTnAzvJ8Fb0qIglXsCwkr/Kxe3YEGQz+vXlf5uMka5rdhCB2krVh2wFvJewWdVGU3mL6lulw/K4cVO6fB4GNoMW2PrbJNV2B47ZGfsnFWZYDl7YE/sOXgMXoLX4O27dSwYzqyyXwg+vgCEv6QE</latexit>

[Kobayahsi, Tanaka, Tatsuishi, Õ18]

[Penedo, Petcov Õ18]
[Novichkov, Penedo, Petcov, Titov Ô18]

[Feruglio Õ17]                                        
[Criado, Feruglio Õ18]
[Kobayashi, Omoto, Shimizu, Kauai, Tanimoto, Tatsyusgu Õ18]
[de Anda, King, EP Õ18]             [Novichkov, ,Penedo, Petcov, Titov Õ18]

á á á<latexit sha1_base64="YnB8KExQmmHdeZA83oBJGDRb8gY=">AAACE3icbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cV7APaUG4m03bMJBNmboRQ+g+uBP0WV+LWD/BT3Dlts7CtBwYO59zXHD8RXKPjfFsrq2vrG5uFreL2zu7efungsKllqihrUCmkavugmeAxayBHwdqJYhD5grX88Hbit56Y0lzGD5glzItgEPM+p4BGanZpIFH3SmWn6kxhLxM3J2WSo94r/XQDSdOIxUgFaN1xnQS9ESjkVLBxsZtqlgANYcA6hsYQMe2NpteO7VOjBHZfKvNitKfq344RRFpnkW8qI8ChXvQm4n9eJ8X+lTficZIii+lsUT8VNkp78nU74IpRFJkhQBU3t9p0CAoomoDmtkxmo5RCV3wFIcOKL0JQCrJx0WTlLiazTBrn1euqc39Rrt3koRXIMTkhZ8Qll6RG7kidNAglj+SZvJI368V6tz6sz1npipX3HJE5WF+/a4CfZw==</latexit><latexit sha1_base64="YnB8KExQmmHdeZA83oBJGDRb8gY=">AAACE3icbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cV7APaUG4m03bMJBNmboRQ+g+uBP0WV+LWD/BT3Dlts7CtBwYO59zXHD8RXKPjfFsrq2vrG5uFreL2zu7efungsKllqihrUCmkavugmeAxayBHwdqJYhD5grX88Hbit56Y0lzGD5glzItgEPM+p4BGanZpIFH3SmWn6kxhLxM3J2WSo94r/XQDSdOIxUgFaN1xnQS9ESjkVLBxsZtqlgANYcA6hsYQMe2NpteO7VOjBHZfKvNitKfq344RRFpnkW8qI8ChXvQm4n9eJ8X+lTficZIii+lsUT8VNkp78nU74IpRFJkhQBU3t9p0CAoomoDmtkxmo5RCV3wFIcOKL0JQCrJx0WTlLiazTBrn1euqc39Rrt3koRXIMTkhZ8Qll6RG7kidNAglj+SZvJI368V6tz6sz1npipX3HJE5WF+/a4CfZw==</latexit><latexit sha1_base64="YnB8KExQmmHdeZA83oBJGDRb8gY=">AAACE3icbVDLSsNAFJ34rPVVdekmWAQXpSQiqLuiG5cV7APaUG4m03bMJBNmboRQ+g+uBP0WV+LWD/BT3Dlts7CtBwYO59zXHD8RXKPjfFsrq2vrG5uFreL2zu7efungsKllqihrUCmkavugmeAxayBHwdqJYhD5grX88Hbit56Y0lzGD5glzItgEPM+p4BGanZpIFH3SmWn6kxhLxM3J2WSo94r/XQDSdOIxUgFaN1xnQS9ESjkVLBxsZtqlgANYcA6hsYQMe2NpteO7VOjBHZfKvNitKfq344RRFpnkW8qI8ChXvQm4n9eJ8X+lTficZIii+lsUT8VNkp78nU74IpRFJkhQBU3t9p0CAoomoDmtkxmo5RCV3wFIcOKL0JQCrJx0WTlLiazTBrn1euqc39Rrt3koRXIMTkhZ8Qll6RG7kidNAglj+SZvJI368V6tz6sz1npipX3HJE5WF+/a4CfZw==</latexit>

[Novichkov, ,Penedo, Petcov, Titov Õ18]
[Ding, King, Liu Ô19]



!11

All the Þelds in the bulk will transform under the modular group, 
an invariant  can be built from:  

 (I)
<latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit>

: Þelds 

: coupling constantf (! )
<latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit>L ! f(⌧) (1) á á á (n)

<latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit>

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit>

! ! ! 0 =
a! + b

c! + d
<latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit>

! ( I ) ! (c" + d)! k I #( I ) ! ( I )
<latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit>

Modular symmetries
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All the Þelds in the bulk will transform under the modular group, 
an invariant  can be built from:  

 (I)
<latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit>

: Þelds 

: coupling constantf (! )
<latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit>L ! f(⌧) (1) á á á (n)

<latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit>

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit>

! ! ! 0 =
a! + b

c! + d
<latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit>

! ( I ) ! (c" + d)! k I #( I ) ! ( I )
<latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit>

Modular form with weight k

Modular weight,
a real number 

Modular symmetries
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All the Þelds in the bulk will transform under the modular group, 
an invariant  can be built from:  

 (I)
<latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit>

: Þelds 

: coupling constantf (! )
<latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit>L ! f(⌧) (1) á á á (n)

<latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit>

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit>

! ! ! 0 =
a! + b

c! + d
<latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit>

! ( I ) ! (c" + d)! k I #( I ) ! ( I )
<latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit>

Modular form with weight k

Representation under the modular group  

Modular symmetries

�N
<latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit>
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All the Þelds in the bulk will transform under the modular group, 
an invariant  can be built from:  

 (I)
<latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit><latexit sha1_base64="+tEMZriRJSWmxTIWNY6rsKUVgbo=">AAACF3icbVBNSwJBGJ7t0+zL6thlSQIDkTWC6iZ0qZtBm5KavDuOOjg7s8y8G8jiv+gU1G/pFF079lO6NeoeUntg4OF53q95gkhwg5737Swtr6yurWc2sptb2zu7ub39e6NiTZlPlVC6HoBhgkvmI0fB6pFmEAaC1YLB1divPTFtuJJ3OIxYK4Se5F1OAa300IwMf0wKNyejdi7vlbwJ3EVSTkmepKi2cz/NjqJxyCRSAcY0yl6ErQQ0cirYKNuMDYuADqDHGpZKCJlpJZOLR+6xVTpuV2n7JLoT9W9HAqExwzCwlSFg38x7Y/E/rxFj96KVcBnFyCSdLurGwkXljr/vdrhmFMXQEqCa21td2gcNFG1IM1vGs1EpYYqBhgHDYiAGoDUMR1mbVXk+mUXin5YuS97tWb5SSUPLkENyRAqkTM5JhVyTKvEJJZI8k1fy5rw4786H8zktXXLSngMyA+frF+hsoKw=</latexit>

: Þelds 

: coupling constantf (! )
<latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit><latexit sha1_base64="3Y30ePT5c2A6RWm+wioem+AQCWA=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQkMRNYIqpvUpaNBpqAi746zOuzszDLzbiCLP6JTUL+lU3Tt3k/p1qx6KO2BgYfneb/m8WPBDXrel5NbWV1b38hvFra2d3b3ivsHD0YlmrImVULptg+GCS5ZEzkK1o41g8gXrOWHN5nfemTacCXvcRyzXgRDyQNOAa3UCspdhOS0Xyx5VW8Kd5nU5qRE5mj0i9/dgaJJxCRSAcZ0al6MvRQ0cirYpNBNDIuBhjBkHUslRMz00um5E/fEKgM3UNo+ie5U/d2RQmTMOPJtZQQ4MoteJv7ndRIMLnspl3GCTNLZoiARLio3+7s74JpRFGNLgGpub3XpCDRQtAn92ZLNRqWEqfgaQoYVX4SgNYwnBZtVbTGZZdI8q15VvbvzUv16HlqeHJFjUiY1ckHq5JY0SJNQEpIn8kJenWfnzXl3PmalOWfec0j+wPn8AWNVn1U=</latexit>L ! f(⌧) (1) á á á (n)

<latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit><latexit sha1_base64="Uv7HyqOIBOPrskTvakcqulwD/Wc="></latexit>

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit><latexit sha1_base64="EKZSz95pbB/rYy5bayP4WSz6xAg="></latexit>

! ! ! 0 =
a! + b

c! + d
<latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit><latexit sha1_base64="0omnOL7vz/9G8UdzaFdbrf2GGIg="></latexit>

! ( I ) ! (c" + d)! k I #( I ) ! ( I )
<latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit><latexit sha1_base64="zOJRUnXfvuzOptuos2bUJQLcRG4="></latexit>

Modular symmetries

Invariant if:

1. The weight    compensates the overall 
weight of the Þelds: 

2. The product of the representations 

k =
!

I

kI

<latexit sha1_base64="oofUCRJoXGy5+Y8JWYo7OtIFBfk=">AAACGXicbVBNSwJBGJ7t0+zL6thlSIIOImsE1SEQuuTNIFNwRd4dRx12dmeZeTcQ8W90Cuq3dIqunfop3ZrVPaT2wAsPz/N+8fixFAZd99tZWV1b39jMbeW3d3b39gsHh49GJZrxBlNS6ZYPhksR8QYKlLwVaw6hL3nTD25Tv/nEtREqesBRzDshDCLRFwzQSl5w45kk7NZo0K11C0W37E5Bl0klI0WSod4t/Hg9xZKQR8gkGNOuuDF2xqBRMMkneS8xPAYWwIC3LY0g5KYznv48oadW6dG+0rYipFP178QYQmNGoW87Q8ChWfRS8T+vnWD/qjMWUZwgj9jsUD+RFBVNA6A9oTlDObIEmBb2V8qGoIGhjWnuSroblZKm5GsIOJZ8GYDWMJrkbVaVxWSWSeO8fF127y+K1WoWWo4ckxNyRirkklTJHamTBmEkJs/klbw5L8678+F8zlpXnGzmiMzB+foFPTShXA==</latexit><latexit sha1_base64="oofUCRJoXGy5+Y8JWYo7OtIFBfk=">AAACGXicbVBNSwJBGJ7t0+zL6thlSIIOImsE1SEQuuTNIFNwRd4dRx12dmeZeTcQ8W90Cuq3dIqunfop3ZrVPaT2wAsPz/N+8fixFAZd99tZWV1b39jMbeW3d3b39gsHh49GJZrxBlNS6ZYPhksR8QYKlLwVaw6hL3nTD25Tv/nEtREqesBRzDshDCLRFwzQSl5w45kk7NZo0K11C0W37E5Bl0klI0WSod4t/Hg9xZKQR8gkGNOuuDF2xqBRMMkneS8xPAYWwIC3LY0g5KYznv48oadW6dG+0rYipFP178QYQmNGoW87Q8ChWfRS8T+vnWD/qjMWUZwgj9jsUD+RFBVNA6A9oTlDObIEmBb2V8qGoIGhjWnuSroblZKm5GsIOJZ8GYDWMJrkbVaVxWSWSeO8fF127y+K1WoWWo4ckxNyRirkklTJHamTBmEkJs/klbw5L8678+F8zlpXnGzmiMzB+foFPTShXA==</latexit><latexit sha1_base64="oofUCRJoXGy5+Y8JWYo7OtIFBfk=">AAACGXicbVBNSwJBGJ7t0+zL6thlSIIOImsE1SEQuuTNIFNwRd4dRx12dmeZeTcQ8W90Cuq3dIqunfop3ZrVPaT2wAsPz/N+8fixFAZd99tZWV1b39jMbeW3d3b39gsHh49GJZrxBlNS6ZYPhksR8QYKlLwVaw6hL3nTD25Tv/nEtREqesBRzDshDCLRFwzQSl5w45kk7NZo0K11C0W37E5Bl0klI0WSod4t/Hg9xZKQR8gkGNOuuDF2xqBRMMkneS8xPAYWwIC3LY0g5KYznv48oadW6dG+0rYipFP178QYQmNGoW87Q8ChWfRS8T+vnWD/qjMWUZwgj9jsUD+RFBVNA6A9oTlDObIEmBb2V8qGoIGhjWnuSroblZKm5GsIOJZ8GYDWMJrkbVaVxWSWSeO8fF127y+K1WoWWo4ckxNyRirkklTJHamTBmEkJs/klbw5L8678+F8zlpXnGzmiMzB+foFPTShXA==</latexit>

! ! ! (1) ! á á á! ! (n )
<latexit sha1_base64="4h1Z4oUYoF7nQ71upiJJD94WAgM="></latexit><latexit sha1_base64="4h1Z4oUYoF7nQ71upiJJD94WAgM="></latexit><latexit sha1_base64="4h1Z4oUYoF7nQ71upiJJD94WAgM="></latexit>

contains a singlet

k
<latexit sha1_base64="2SqYlIOwIHSIxb9qPuFedfecK2w=">AAACDnicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRZDehS0eFTEFF3h1fddjZnWXm3UDEX9ApqN/SKbr2F/op3ZpVD6k9MPDwPO/XPH4shSHP+3YyG5tb2zvZ3dze/sHhUf745NGoRHNscCWVbvlgUIoIGyRIYivWCKEvsekHd6nffEJthIoeaBxjN4RhJAaCA1mpHvTyBa/kzeCuk/KCFNgCtV7+p9NXPAkxIi7BmHbZi6k7AU2CS5zmOonBGHgAQ2xbGkGIpjuZHTp1L6zSdwdK2xeRO1P/dkwgNGYc+rYyBBqZVS8V//PaCQ0q3YmI4oQw4vNFg0S6pNz0125faOQkx5YA18Le6vIRaOBks1naks4mpaQp+hoCpKIvA9AaxtOczaq8msw6aVyVbkte/bpQrSxCy7Izds4uWZndsCq7ZzXWYJwhe2av7M15cd6dD+dzXppxFj2nbAnO1y892p0d</latexit><latexit sha1_base64="2SqYlIOwIHSIxb9qPuFedfecK2w=">AAACDnicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRZDehS0eFTEFF3h1fddjZnWXm3UDEX9ApqN/SKbr2F/op3ZpVD6k9MPDwPO/XPH4shSHP+3YyG5tb2zvZ3dze/sHhUf745NGoRHNscCWVbvlgUIoIGyRIYivWCKEvsekHd6nffEJthIoeaBxjN4RhJAaCA1mpHvTyBa/kzeCuk/KCFNgCtV7+p9NXPAkxIi7BmHbZi6k7AU2CS5zmOonBGHgAQ2xbGkGIpjuZHTp1L6zSdwdK2xeRO1P/dkwgNGYc+rYyBBqZVS8V//PaCQ0q3YmI4oQw4vNFg0S6pNz0125faOQkx5YA18Le6vIRaOBks1naks4mpaQp+hoCpKIvA9AaxtOczaq8msw6aVyVbkte/bpQrSxCy7Izds4uWZndsCq7ZzXWYJwhe2av7M15cd6dD+dzXppxFj2nbAnO1y892p0d</latexit><latexit sha1_base64="2SqYlIOwIHSIxb9qPuFedfecK2w=">AAACDnicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRZDehS0eFTEFF3h1fddjZnWXm3UDEX9ApqN/SKbr2F/op3ZpVD6k9MPDwPO/XPH4shSHP+3YyG5tb2zvZ3dze/sHhUf745NGoRHNscCWVbvlgUIoIGyRIYivWCKEvsekHd6nffEJthIoeaBxjN4RhJAaCA1mpHvTyBa/kzeCuk/KCFNgCtV7+p9NXPAkxIi7BmHbZi6k7AU2CS5zmOonBGHgAQ2xbGkGIpjuZHTp1L6zSdwdK2xeRO1P/dkwgNGYc+rYyBBqZVS8V//PaCQ0q3YmI4oQw4vNFg0S6pNz0125faOQkx5YA18Le6vIRaOBks1naks4mpaQp+hoCpKIvA9AaxtOczaq8msw6aVyVbkte/bpQrSxCy7Izds4uWZndsCq7ZzXWYJwhe2av7M15cd6dD+dzXppxFj2nbAnO1y892p0d</latexit>

The Yukawa couplings can now be triplets under        and give rise to speciÞc mass structure ! N
<latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit>
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The Yukawa couplings can now be triplets under        and give rise to speciÞc mass structure ! N
<latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit><latexit sha1_base64="dgATKEERmerMI9xwF7oSAY3qz1E="></latexit>

A4 triplet modular functions

Yukawa coupling is not a constant!

Gives rise to mass matrix 
structure once     is Þxed!⌧

<latexit sha1_base64="jmObTsGo+Y9xI4o9maE5ZfJPj4g=">AAACEXicdVDLSgMxFM34rPVVdekmWAQXMmRaH3VXdOOyglWhHeROmtrQzGRI7ghl6C+4EvRbXIlbv8BPcedMW8GKHggczrmvnCBW0iJjH87M7Nz8wmJhqbi8srq2XtrYvLI6MVw0uVba3ARghZKRaKJEJW5iIyAMlLgO+me5f30vjJU6usRBLPwQ7iLZlRwwl9oIyW2pzNyaxypVjzLXO6wej0nlqHbCqOeyEcpkgsZt6bPd0TwJRYRcgbUtj8Xop2BQciWGxXZiRQy8D3eildEIQmH9dHTrkO5mSod2tclehHSk/uxIIbR2EAZZZQjYs7+9XPzLayXYrfmpjOIERcTHi7qJoqhp/nHakUZwVIOMADcyu5XyHhjgmMUztSWfjVorux8Y6AvcD1QfjIHBsJhl9R0I/Z80K+6Jyy4OyvXTSWgFsk12yB7xyDGpk3PSIE3CSY88kCfy7Dw6L86r8zYunXEmPVtkCs77Fx+xnr0=</latexit><latexit sha1_base64="jmObTsGo+Y9xI4o9maE5ZfJPj4g=">AAACEXicdVDLSgMxFM34rPVVdekmWAQXMmRaH3VXdOOyglWhHeROmtrQzGRI7ghl6C+4EvRbXIlbv8BPcedMW8GKHggczrmvnCBW0iJjH87M7Nz8wmJhqbi8srq2XtrYvLI6MVw0uVba3ARghZKRaKJEJW5iIyAMlLgO+me5f30vjJU6usRBLPwQ7iLZlRwwl9oIyW2pzNyaxypVjzLXO6wej0nlqHbCqOeyEcpkgsZt6bPd0TwJRYRcgbUtj8Xop2BQciWGxXZiRQy8D3eildEIQmH9dHTrkO5mSod2tclehHSk/uxIIbR2EAZZZQjYs7+9XPzLayXYrfmpjOIERcTHi7qJoqhp/nHakUZwVIOMADcyu5XyHhjgmMUztSWfjVorux8Y6AvcD1QfjIHBsJhl9R0I/Z80K+6Jyy4OyvXTSWgFsk12yB7xyDGpk3PSIE3CSY88kCfy7Dw6L86r8zYunXEmPVtkCs77Fx+xnr0=</latexit><latexit sha1_base64="jmObTsGo+Y9xI4o9maE5ZfJPj4g=">AAACEXicdVDLSgMxFM34rPVVdekmWAQXMmRaH3VXdOOyglWhHeROmtrQzGRI7ghl6C+4EvRbXIlbv8BPcedMW8GKHggczrmvnCBW0iJjH87M7Nz8wmJhqbi8srq2XtrYvLI6MVw0uVba3ARghZKRaKJEJW5iIyAMlLgO+me5f30vjJU6usRBLPwQ7iLZlRwwl9oIyW2pzNyaxypVjzLXO6wej0nlqHbCqOeyEcpkgsZt6bPd0TwJRYRcgbUtj8Xop2BQciWGxXZiRQy8D3eildEIQmH9dHTrkO5mSod2tclehHSk/uxIIbR2EAZZZQjYs7+9XPzLayXYrfmpjOIERcTHi7qJoqhp/nHakUZwVIOMADcyu5XyHhjgmMUztSWfjVorux8Y6AvcD1QfjIHBsJhl9R0I/Z80K+6Jyy4OyvXTSWgFsk12yB7xyDGpk3PSIE3CSY88kCfy7Dw6L86r8zYunXEmPVtkCs77Fx+xnr0=</latexit>

Y L Hu ⌫R
<latexit sha1_base64="ByjuEBBmAGJvFXJOoHrvdDKRbkQ=">AAACKnicbVDLSgMxFM34rPVVddlNsAgupExFUHdFN124ULE+6JThTprR0EwyJHeEMnTh17gS9FtciVt/wp2ZtgtfBxIO59ybe3OiVAqLvv/mTU3PzM7NlxbKi0vLK6uVtfVLqzPDeJtpqc11BJZLoXgbBUp+nRoOSST5VdQ/Lvyre26s0OoCBynvJnCrRCwYoJPCSjVIAO+iOL8J6AkNaCvM3B2oLDwfhpWaX/dHoH9JY0JqZILTsPIZ9DTLEq6QSbC20/BT7OZgUDDJh+UgszwF1odb3nFUQcJtNx99Yki3nNKjsTbuKKQj9XtHDom1gyRylcXK9rdXiP95nQzjg24uVJohV2w8KM4kRU2LRGhPGM5QDhwBZoTblbI7MMDQ5fZjSvE2ai3tTmSgz3Enkn0wBgbDssuq8TuZv6S9Wz+s+2d7tebRJLQSqZJNsk0aZJ80SYuckjZh5IE8kmfy4j15r96b9z4unfImPRvkB7yPL44+pxw=</latexit><latexit sha1_base64="ByjuEBBmAGJvFXJOoHrvdDKRbkQ=">AAACKnicbVDLSgMxFM34rPVVddlNsAgupExFUHdFN124ULE+6JThTprR0EwyJHeEMnTh17gS9FtciVt/wp2ZtgtfBxIO59ybe3OiVAqLvv/mTU3PzM7NlxbKi0vLK6uVtfVLqzPDeJtpqc11BJZLoXgbBUp+nRoOSST5VdQ/Lvyre26s0OoCBynvJnCrRCwYoJPCSjVIAO+iOL8J6AkNaCvM3B2oLDwfhpWaX/dHoH9JY0JqZILTsPIZ9DTLEq6QSbC20/BT7OZgUDDJh+UgszwF1odb3nFUQcJtNx99Yki3nNKjsTbuKKQj9XtHDom1gyRylcXK9rdXiP95nQzjg24uVJohV2w8KM4kRU2LRGhPGM5QDhwBZoTblbI7MMDQ5fZjSvE2ai3tTmSgz3Enkn0wBgbDssuq8TuZv6S9Wz+s+2d7tebRJLQSqZJNsk0aZJ80SYuckjZh5IE8kmfy4j15r96b9z4unfImPRvkB7yPL44+pxw=</latexit><latexit sha1_base64="ByjuEBBmAGJvFXJOoHrvdDKRbkQ=">AAACKnicbVDLSgMxFM34rPVVddlNsAgupExFUHdFN124ULE+6JThTprR0EwyJHeEMnTh17gS9FtciVt/wp2ZtgtfBxIO59ybe3OiVAqLvv/mTU3PzM7NlxbKi0vLK6uVtfVLqzPDeJtpqc11BJZLoXgbBUp+nRoOSST5VdQ/Lvyre26s0OoCBynvJnCrRCwYoJPCSjVIAO+iOL8J6AkNaCvM3B2oLDwfhpWaX/dHoH9JY0JqZILTsPIZ9DTLEq6QSbC20/BT7OZgUDDJh+UgszwF1odb3nFUQcJtNx99Yki3nNKjsTbuKKQj9XtHDom1gyRylcXK9rdXiP95nQzjg24uVJohV2w8KM4kRU2LRGhPGM5QDhwBZoTblbI7MMDQ5fZjSvE2ai3tTmSgz3Enkn0wBgbDssuq8TuZv6S9Wz+s+2d7tebRJLQSqZJNsk0aZJ80SYuckjZh5IE8kmfy4j15r96b9z4unfImPRvkB7yPL44+pxw=</latexit>

3 3 1 1
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Orbifold Z2
<latexit sha1_base64="dRv5fbhM+WTgo0/VE2uSASNTSQA="></latexit><latexit sha1_base64="dRv5fbhM+WTgo0/VE2uSASNTSQA="></latexit><latexit sha1_base64="dRv5fbhM+WTgo0/VE2uSASNTSQA="></latexit>

T2/
<latexit sha1_base64="d6OMkwMe7IzAIKxlWMIuQYAXh6Y=">AAACEXicdVDLSgMxFM34tr6qLt0Ei+CijJnxVXeiG5cKrS20pdxJUxuamQzJHaGU/oIrQb/Flbj1C/wUd860FazogcDhnPvKCWIlLTL24czMzs0vLC4t51ZW19Y38ptbt1YnhosK10qbWgBWKBmJCkpUohYbAWGgRDXoXWZ+9V4YK3VUxn4smiHcRbIjOWAmlVv+QStfYG7JY/6hR5nrHR+ejol/Ujpj1HPZCAUywXUr/9loa56EIkKuwNq6x2JsDsCg5EoMc43Eihh4D+5EPaURhMI2B6Nbh3QvVdq0o036IqQj9WfHAEJr+2GQVoaAXfvby8S/vHqCnVJzIKM4QRHx8aJOoihqmn2ctqURHFU/JcCNTG+lvAsGOKbxTG3JZqPWyhYDAz2BxUD1wBjoD3NpVt+B0P9JxXfPXHZzVDi/mIS2RHbILtknHjkl5+SKXJMK4aRLHsgTeXYenRfn1Xkbl844k55tMgXn/QssPZ4r</latexit><latexit sha1_base64="d6OMkwMe7IzAIKxlWMIuQYAXh6Y=">AAACEXicdVDLSgMxFM34tr6qLt0Ei+CijJnxVXeiG5cKrS20pdxJUxuamQzJHaGU/oIrQb/Flbj1C/wUd860FazogcDhnPvKCWIlLTL24czMzs0vLC4t51ZW19Y38ptbt1YnhosK10qbWgBWKBmJCkpUohYbAWGgRDXoXWZ+9V4YK3VUxn4smiHcRbIjOWAmlVv+QStfYG7JY/6hR5nrHR+ejol/Ujpj1HPZCAUywXUr/9loa56EIkKuwNq6x2JsDsCg5EoMc43Eihh4D+5EPaURhMI2B6Nbh3QvVdq0o036IqQj9WfHAEJr+2GQVoaAXfvby8S/vHqCnVJzIKM4QRHx8aJOoihqmn2ctqURHFU/JcCNTG+lvAsGOKbxTG3JZqPWyhYDAz2BxUD1wBjoD3NpVt+B0P9JxXfPXHZzVDi/mIS2RHbILtknHjkl5+SKXJMK4aRLHsgTeXYenRfn1Xkbl844k55tMgXn/QssPZ4r</latexit><latexit sha1_base64="d6OMkwMe7IzAIKxlWMIuQYAXh6Y=">AAACEXicdVDLSgMxFM34tr6qLt0Ei+CijJnxVXeiG5cKrS20pdxJUxuamQzJHaGU/oIrQb/Flbj1C/wUd860FazogcDhnPvKCWIlLTL24czMzs0vLC4t51ZW19Y38ptbt1YnhosK10qbWgBWKBmJCkpUohYbAWGgRDXoXWZ+9V4YK3VUxn4smiHcRbIjOWAmlVv+QStfYG7JY/6hR5nrHR+ejol/Ujpj1HPZCAUywXUr/9loa56EIkKuwNq6x2JsDsCg5EoMc43Eihh4D+5EPaURhMI2B6Nbh3QvVdq0o036IqQj9WfHAEJr+2GQVoaAXfvby8S/vHqCnVJzIKM4QRHx8aJOoihqmn2ctqURHFU/JcCNTG+lvAsGOKbxTG3JZqPWyhYDAz2BxUD1wBjoD3NpVt+B0P9JxXfPXHZzVDi/mIS2RHbILtknHjkl5+SKXJMK4aRLHsgTeXYenRfn1Xkbl844k55tMgXn/QssPZ4r</latexit>

with twist 

z = z + 1
<latexit sha1_base64="5/31e/g3VY3u7T5gHhLCZRfIfjI=">AAACE3icbVBNSwJBGJ7t0+zL6thlSYIgkd0IqkMgdelo0KqgIu+Oo07Oziwz7wa6+B86BfVbOkXXfkA/pVu76iG1BwYenuf9mscPBTfoON/W0vLK6tp6ZiO7ubW9s5vb268YFWnKPKqE0jUfDBNcMg85ClYLNYPAF6zq929Tv/rEtOFKPuAgZM0AupJ3OAVMpMrwenjqZlu5vFN0xrAXiTsleTJFuZX7abQVjQImkQowpu46ITZj0MipYKNsIzIsBNqHLqsnVELATDMeXzuyjxOlbXeUTp5Ee6z+7YghMGYQ+EllANgz814q/ufVI+xcNmMuwwiZpJNFnUjYqOz063aba0ZRDBICVPPkVpv2QAPFJKCZLelsVEqYgq+hz7Dgiz5oDYNRmpU7n8wi8c6KV0Xn/jxfupmGliGH5IicEJdckBK5I2XiEUoeyTN5JW/Wi/VufVifk9Ila9pzQGZgff0C8sOehQ==</latexit><latexit sha1_base64="5/31e/g3VY3u7T5gHhLCZRfIfjI=">AAACE3icbVBNSwJBGJ7t0+zL6thlSYIgkd0IqkMgdelo0KqgIu+Oo07Oziwz7wa6+B86BfVbOkXXfkA/pVu76iG1BwYenuf9mscPBTfoON/W0vLK6tp6ZiO7ubW9s5vb268YFWnKPKqE0jUfDBNcMg85ClYLNYPAF6zq929Tv/rEtOFKPuAgZM0AupJ3OAVMpMrwenjqZlu5vFN0xrAXiTsleTJFuZX7abQVjQImkQowpu46ITZj0MipYKNsIzIsBNqHLqsnVELATDMeXzuyjxOlbXeUTp5Ee6z+7YghMGYQ+EllANgz814q/ufVI+xcNmMuwwiZpJNFnUjYqOz063aba0ZRDBICVPPkVpv2QAPFJKCZLelsVEqYgq+hz7Dgiz5oDYNRmpU7n8wi8c6KV0Xn/jxfupmGliGH5IicEJdckBK5I2XiEUoeyTN5JW/Wi/VufVifk9Ila9pzQGZgff0C8sOehQ==</latexit><latexit sha1_base64="5/31e/g3VY3u7T5gHhLCZRfIfjI=">AAACE3icbVBNSwJBGJ7t0+zL6thlSYIgkd0IqkMgdelo0KqgIu+Oo07Oziwz7wa6+B86BfVbOkXXfkA/pVu76iG1BwYenuf9mscPBTfoON/W0vLK6tp6ZiO7ubW9s5vb268YFWnKPKqE0jUfDBNcMg85ClYLNYPAF6zq929Tv/rEtOFKPuAgZM0AupJ3OAVMpMrwenjqZlu5vFN0xrAXiTsleTJFuZX7abQVjQImkQowpu46ITZj0MipYKNsIzIsBNqHLqsnVELATDMeXzuyjxOlbXeUTp5Ee6z+7YghMGYQ+EllANgz814q/ufVI+xcNmMuwwiZpJNFnUjYqOz063aba0ZRDBICVPPkVpv2QAPFJKCZLelsVEqYgq+hz7Dgiz5oDYNRmpU7n8wi8c6KV0Xn/jxfupmGliGH5IicEJdckBK5I2XiEUoeyTN5JW/Wi/VufVifk9Ila9pzQGZgff0C8sOehQ==</latexit>

z = z + !
<latexit sha1_base64="WflfKNsvxueD7L75+Rfw1GxyBYo=">AAACGHicbVBNSwJRFH3Tp9mX1bLNkARBImME1SKQ2rQ0yBRU5M7zqo95M294704wij+jVVC/pVW0bddPadeMukjtwIPDOffrHTeUwpDjfFtLyyura+uZjezm1vbObm5v/9GoSHOsciWVrrtgUIoAqyRIYj3UCL4rseZ6t6lfe0JthAoeKA6x5UMvEF3BgRKpMbgenDaVjz3ItnN5p+iMYS+S0pTk2RSVdu6n2VE88jEgLsGYRskJqTUETYJLHGWbkcEQuAc9bCQ0AB9Nazg+eWQfJ0rH7iqdvIDssfq3Ywi+MbHvJpU+UN/Me6n4n9eIqHvZGoogjAgDPlnUjaRNyk7/b3eERk4yTghwLZJbbd4HDZySlGa2pLNJKWkKrgYPqeBKD7SGeJRmVZpPZpFUz4pXRef+PF++mYaWYYfsiJ2wErtgZXbHKqzKOFPsmb2yN+vFerc+rM9J6ZI17TlgM7C+fgFmDqDr</latexit><latexit sha1_base64="WflfKNsvxueD7L75+Rfw1GxyBYo=">AAACGHicbVBNSwJRFH3Tp9mX1bLNkARBImME1SKQ2rQ0yBRU5M7zqo95M294704wij+jVVC/pVW0bddPadeMukjtwIPDOffrHTeUwpDjfFtLyyura+uZjezm1vbObm5v/9GoSHOsciWVrrtgUIoAqyRIYj3UCL4rseZ6t6lfe0JthAoeKA6x5UMvEF3BgRKpMbgenDaVjz3ItnN5p+iMYS+S0pTk2RSVdu6n2VE88jEgLsGYRskJqTUETYJLHGWbkcEQuAc9bCQ0AB9Nazg+eWQfJ0rH7iqdvIDssfq3Ywi+MbHvJpU+UN/Me6n4n9eIqHvZGoogjAgDPlnUjaRNyk7/b3eERk4yTghwLZJbbd4HDZySlGa2pLNJKWkKrgYPqeBKD7SGeJRmVZpPZpFUz4pXRef+PF++mYaWYYfsiJ2wErtgZXbHKqzKOFPsmb2yN+vFerc+rM9J6ZI17TlgM7C+fgFmDqDr</latexit><latexit sha1_base64="WflfKNsvxueD7L75+Rfw1GxyBYo=">AAACGHicbVBNSwJRFH3Tp9mX1bLNkARBImME1SKQ2rQ0yBRU5M7zqo95M294704wij+jVVC/pVW0bddPadeMukjtwIPDOffrHTeUwpDjfFtLyyura+uZjezm1vbObm5v/9GoSHOsciWVrrtgUIoAqyRIYj3UCL4rseZ6t6lfe0JthAoeKA6x5UMvEF3BgRKpMbgenDaVjz3ItnN5p+iMYS+S0pTk2RSVdu6n2VE88jEgLsGYRskJqTUETYJLHGWbkcEQuAc9bCQ0AB9Nazg+eWQfJ0rH7iqdvIDssfq3Ywi+MbHvJpU+UN/Me6n4n9eIqHvZGoogjAgDPlnUjaRNyk7/b3eERk4yTghwLZJbbd4HDZySlGa2pLNJKWkKrgYPqeBKD7SGeJRmVZpPZpFUz4pXRef+PF++mYaWYYfsiJ2wErtgZXbHKqzKOFPsmb2yN+vFerc+rM9J6ZI17TlgM7C+fgFmDqDr</latexit>

z = ! z
<latexit sha1_base64="02np7UPvqECkG55Gim2XznSuAAo=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAuh6MZlBWMLbSk300k7dJIJMzdCG/oNrgT9Flfi1h/wU9w5abuwrQcGDufc1xw/Flyj43xbS8srq2vruY385tb2zm5hb/9Ry0RR5lEppKr7oJngEfOQo2D1WDEIfcFqfv8282tPTGkuowccxKwVQjfiAaeARvKG16fDfLtQdMrOGPYicaekSKaotgs/zY6kScgipAK0brhOjK0UFHIq2CjfTDSLgfahyxqGRhAy3UrHx47sY6N07EAq8yK0x+rfjhRCrQehbypDwJ6e9zLxP6+RYHDZSnkUJ8giOlkUJMJGaWc/tztcMYpiYAhQxc2tNu2BAoomn5kt2WyUUuiSr6DPsOSLPigFg1GWlTufzCLxzspXZef+vFi5mYaWI4fkiJwQl1yQCrkjVeIRSjh5Jq/kzXqx3q0P63NSumRNew7IDKyvX32jnkw=</latexit><latexit sha1_base64="02np7UPvqECkG55Gim2XznSuAAo=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAuh6MZlBWMLbSk300k7dJIJMzdCG/oNrgT9Flfi1h/wU9w5abuwrQcGDufc1xw/Flyj43xbS8srq2vruY385tb2zm5hb/9Ry0RR5lEppKr7oJngEfOQo2D1WDEIfcFqfv8282tPTGkuowccxKwVQjfiAaeARvKG16fDfLtQdMrOGPYicaekSKaotgs/zY6kScgipAK0brhOjK0UFHIq2CjfTDSLgfahyxqGRhAy3UrHx47sY6N07EAq8yK0x+rfjhRCrQehbypDwJ6e9zLxP6+RYHDZSnkUJ8giOlkUJMJGaWc/tztcMYpiYAhQxc2tNu2BAoomn5kt2WyUUuiSr6DPsOSLPigFg1GWlTufzCLxzspXZef+vFi5mYaWI4fkiJwQl1yQCrkjVeIRSjh5Jq/kzXqx3q0P63NSumRNew7IDKyvX32jnkw=</latexit><latexit sha1_base64="02np7UPvqECkG55Gim2XznSuAAo=">AAACEnicbVDLSsNAFJ34rPVVdekmWAQXtSQiqAuh6MZlBWMLbSk300k7dJIJMzdCG/oNrgT9Flfi1h/wU9w5abuwrQcGDufc1xw/Flyj43xbS8srq2vruY385tb2zm5hb/9Ry0RR5lEppKr7oJngEfOQo2D1WDEIfcFqfv8282tPTGkuowccxKwVQjfiAaeARvKG16fDfLtQdMrOGPYicaekSKaotgs/zY6kScgipAK0brhOjK0UFHIq2CjfTDSLgfahyxqGRhAy3UrHx47sY6N07EAq8yK0x+rfjhRCrQehbypDwJ6e9zLxP6+RYHDZSnkUJ8giOlkUJMJGaWc/tztcMYpiYAhQxc2tNu2BAoomn5kt2WyUUuiSr6DPsOSLPigFg1GWlTufzCLxzspXZef+vFi5mYaWI4fkiJwQl1yQCrkjVeIRSjh5Jq/kzXqx3q0P63NSumRNew7IDKyvX32jnkw=</latexit>

Z2
<latexit sha1_base64="elH1DxlZxOX9/9yFS/U2u5nwrIQ=">AAACGnicbVBNS8NAFNzUr1q/qh69BIvgoZS0COqt6MVjBWuLbShvt9t26SYbd1+EEPo7PAn6WzyJVy/+FG8mbQ62dWBhmHlv3zA0kMKg43xbuZXVtfWN/GZha3tnd6+4f3BvVKgZbzIllW5TMFwKnzdRoOTtQHPwqOQtOr5O/dYT10Yo/w6jgLseDH0xEAwwkdyuBziiNH6Y9GqFXrHkVJwp7GVSzUiJZGj0ij/dvmKhx31kEozpVJ0A3Rg0Cib5pNANDQ+AjWHIOwn1wePGjaehJ/ZJovTtgdLJ89Geqn83YvCMiTyaTKYhzaKXiv95nRAHF24s/CBE7rPZoUEobVR22oDdF5ozlFFCgGmRZLXZCDQwTHqau5L+jUpJU6YaxhzLVI5Ba4gmaVfVxWaWSbNWuaw4t2el+lVWWp4ckWNySqrknNTJDWmQJmHkkTyTV/JmvVjv1of1ORvNWdnOIZmD9fULRCSh6w==</latexit><latexit sha1_base64="elH1DxlZxOX9/9yFS/U2u5nwrIQ=">AAACGnicbVBNS8NAFNzUr1q/qh69BIvgoZS0COqt6MVjBWuLbShvt9t26SYbd1+EEPo7PAn6WzyJVy/+FG8mbQ62dWBhmHlv3zA0kMKg43xbuZXVtfWN/GZha3tnd6+4f3BvVKgZbzIllW5TMFwKnzdRoOTtQHPwqOQtOr5O/dYT10Yo/w6jgLseDH0xEAwwkdyuBziiNH6Y9GqFXrHkVJwp7GVSzUiJZGj0ij/dvmKhx31kEozpVJ0A3Rg0Cib5pNANDQ+AjWHIOwn1wePGjaehJ/ZJovTtgdLJ89Geqn83YvCMiTyaTKYhzaKXiv95nRAHF24s/CBE7rPZoUEobVR22oDdF5ozlFFCgGmRZLXZCDQwTHqau5L+jUpJU6YaxhzLVI5Ba4gmaVfVxWaWSbNWuaw4t2el+lVWWp4ckWNySqrknNTJDWmQJmHkkTyTV/JmvVjv1of1ORvNWdnOIZmD9fULRCSh6w==</latexit><latexit sha1_base64="elH1DxlZxOX9/9yFS/U2u5nwrIQ=">AAACGnicbVBNS8NAFNzUr1q/qh69BIvgoZS0COqt6MVjBWuLbShvt9t26SYbd1+EEPo7PAn6WzyJVy/+FG8mbQ62dWBhmHlv3zA0kMKg43xbuZXVtfWN/GZha3tnd6+4f3BvVKgZbzIllW5TMFwKnzdRoOTtQHPwqOQtOr5O/dYT10Yo/w6jgLseDH0xEAwwkdyuBziiNH6Y9GqFXrHkVJwp7GVSzUiJZGj0ij/dvmKhx31kEozpVJ0A3Rg0Cib5pNANDQ+AjWHIOwn1wePGjaehJ/ZJovTtgdLJ89Geqn83YvCMiTyaTKYhzaKXiv95nRAHF24s/CBE7rPZoUEobVR22oDdF5ozlFFCgGmRZLXZCDQwTHqau5L+jUpJU6YaxhzLVI5Ba4gmaVfVxWaWSbNWuaw4t2el+lVWWp4ckWNySqrknNTJDWmQJmHkkTyTV/JmvVjv1of1ORvNWdnOIZmD9fULRCSh6w==</latexit>

T2
<latexit sha1_base64="YDxD+VyNd7VbFChu5tGwyv1epRs=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaRFUHdFNy4rNLbQhnIznbRDJpkwcyOE0F9wJei3uBK3foGf4s6kzcK2Hhg4nHNfc9xIcI2W9W2srW9sbm2Xdsq7e/sHh5Wj40ctY0WZTaWQqueCZoKHzEaOgvUixSBwBeu6/l3ud5+Y0lyGHUwi5gQwDrnHKWAudYbN8rBSterWDOYqaRSkSgq0h5WfwUjSOGAhUgFa9xtWhE4KCjkVbFoexJpFQH0Ys35GQwiYdtLZrVPzPFNGpidV9kI0Z+rfjhQCrZPAzSoDwIle9nLxP68fo3ftpDyMYmQhnS/yYmGiNPOPmyOuGEWRZASo4tmtJp2AAopZPAtb8tkopdA1V4HPsOYKH5SCZJpn1VhOZpXYzfpN3Xq4rLZui9BK5JSckQvSIFekRe5Jm9iEkgl5Jq/kzXgx3o0P43NeumYUPSdkAcbXL42jnck=</latexit><latexit sha1_base64="YDxD+VyNd7VbFChu5tGwyv1epRs=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaRFUHdFNy4rNLbQhnIznbRDJpkwcyOE0F9wJei3uBK3foGf4s6kzcK2Hhg4nHNfc9xIcI2W9W2srW9sbm2Xdsq7e/sHh5Wj40ctY0WZTaWQqueCZoKHzEaOgvUixSBwBeu6/l3ud5+Y0lyGHUwi5gQwDrnHKWAudYbN8rBSterWDOYqaRSkSgq0h5WfwUjSOGAhUgFa9xtWhE4KCjkVbFoexJpFQH0Ys35GQwiYdtLZrVPzPFNGpidV9kI0Z+rfjhQCrZPAzSoDwIle9nLxP68fo3ftpDyMYmQhnS/yYmGiNPOPmyOuGEWRZASo4tmtJp2AAopZPAtb8tkopdA1V4HPsOYKH5SCZJpn1VhOZpXYzfpN3Xq4rLZui9BK5JSckQvSIFekRe5Jm9iEkgl5Jq/kzXgx3o0P43NeumYUPSdkAcbXL42jnck=</latexit><latexit sha1_base64="YDxD+VyNd7VbFChu5tGwyv1epRs=">AAACEXicbVDLSsNAFJ34rPVVdekmWAQXpaRFUHdFNy4rNLbQhnIznbRDJpkwcyOE0F9wJei3uBK3foGf4s6kzcK2Hhg4nHNfc9xIcI2W9W2srW9sbm2Xdsq7e/sHh5Wj40ctY0WZTaWQqueCZoKHzEaOgvUixSBwBeu6/l3ud5+Y0lyGHUwi5gQwDrnHKWAudYbN8rBSterWDOYqaRSkSgq0h5WfwUjSOGAhUgFa9xtWhE4KCjkVbFoexJpFQH0Ys35GQwiYdtLZrVPzPFNGpidV9kI0Z+rfjhQCrZPAzSoDwIle9nLxP68fo3ftpDyMYmQhnS/yYmGiNPOPmyOuGEWRZASo4tmtJp2AAopZPAtb8tkopdA1V4HPsOYKH5SCZJpn1VhOZpXYzfpN3Xq4rLZui9BK5JSckQvSIFekRe5Jm9iEkgl5Jq/kzXgx3o0P43NeumYUPSdkAcbXL42jnck=</latexit>

! Two extra dimensions can be combined in z = x5 + ix6
<latexit sha1_base64="mbNIlcUbyh1WMt46D4W2A6eE0O4=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQmCRK7RcxFIbVoaZEYq8t1x1MG5M5eZ74Z28V+0Cuq3tIq2Lfsp7Rofi9QODBzO+V5z/FBwg5737STm5hcWl5LLqZXVtfWN9ObWnVGRpqxElVD63gfDBJeshBwFuw81g8AXrOx3rgZ++ZFpw5W8xV7IagG0JG9yCmilh6eLbv34gHfrJ/V0xst5Q7izJD8mGTJGsZ7+qTYUjQImkQowppL3QqzFoJFTwfqpamRYCLQDLVaxVELATC0eXtx396zScJtK2yfRHap/O2IIjOkFvq0MANtm2huI/3mVCJtntZjLMEIm6WhRMxIuKnfwfbfBNaMoepYA1dze6tI2aKBoQ5rYMpiNSgmT9TV0GGZ90QGtoddP2azy08nMktJh7jzn3RxlCpfj0JJkh+ySfZInp6RArkmRlAglkjyTV/LmvDjvzofzOSpNOOOebTIB5+sXkSWgeg==</latexit><latexit sha1_base64="mbNIlcUbyh1WMt46D4W2A6eE0O4=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQmCRK7RcxFIbVoaZEYq8t1x1MG5M5eZ74Z28V+0Cuq3tIq2Lfsp7Rofi9QODBzO+V5z/FBwg5737STm5hcWl5LLqZXVtfWN9ObWnVGRpqxElVD63gfDBJeshBwFuw81g8AXrOx3rgZ++ZFpw5W8xV7IagG0JG9yCmilh6eLbv34gHfrJ/V0xst5Q7izJD8mGTJGsZ7+qTYUjQImkQowppL3QqzFoJFTwfqpamRYCLQDLVaxVELATC0eXtx396zScJtK2yfRHap/O2IIjOkFvq0MANtm2huI/3mVCJtntZjLMEIm6WhRMxIuKnfwfbfBNaMoepYA1dze6tI2aKBoQ5rYMpiNSgmT9TV0GGZ90QGtoddP2azy08nMktJh7jzn3RxlCpfj0JJkh+ySfZInp6RArkmRlAglkjyTV/LmvDjvzofzOSpNOOOebTIB5+sXkSWgeg==</latexit><latexit sha1_base64="mbNIlcUbyh1WMt46D4W2A6eE0O4=">AAACF3icbVBLS0JBGJ1rL7OX1bLNJQmCRK7RcxFIbVoaZEYq8t1x1MG5M5eZ74Z28V+0Cuq3tIq2Lfsp7Rofi9QODBzO+V5z/FBwg5737STm5hcWl5LLqZXVtfWN9ObWnVGRpqxElVD63gfDBJeshBwFuw81g8AXrOx3rgZ++ZFpw5W8xV7IagG0JG9yCmilh6eLbv34gHfrJ/V0xst5Q7izJD8mGTJGsZ7+qTYUjQImkQowppL3QqzFoJFTwfqpamRYCLQDLVaxVELATC0eXtx396zScJtK2yfRHap/O2IIjOkFvq0MANtm2huI/3mVCJtntZjLMEIm6WhRMxIuKnfwfbfBNaMoepYA1dze6tI2aKBoQ5rYMpiNSgmT9TV0GGZ90QGtoddP2azy08nMktJh7jzn3RxlCpfj0JJkh+ySfZInp6RArkmRlAglkjyTV/LmvDjvzofzOSpNOOOebTIB5+sXkSWgeg==</latexit>

! The orbifold leaves 4d invariant branes

⌧ = ! = ei
2!
3

<latexit sha1_base64="l6hoMy65iobxdRndCtYbaDLeSPI="></latexit><latexit sha1_base64="l6hoMy65iobxdRndCtYbaDLeSPI="></latexit><latexit sha1_base64="l6hoMy65iobxdRndCtYbaDLeSPI="></latexit>
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Orbifold 
The spacetime (active) transformations S, T and U permute the branes, 
leaving invariant the set of 4 branes:

S : z ! z + 1/2 or z ! z + !/2,

T : z ! !2z,

U : z ! z⇤ or z ! �z⇤
<latexit sha1_base64="+RxrrSnIjAzM9hjxJL8hxomTAJM="></latexit><latexit sha1_base64="+RxrrSnIjAzM9hjxJL8hxomTAJM="></latexit><latexit sha1_base64="+RxrrSnIjAzM9hjxJL8hxomTAJM="></latexit>

These transformations satisfy: 

A4   group

S4  group

S2 = T3 = ( ST)3 = 1

U2 = ( SU)2 = ( T U)2 = ( ST U)4 = 1
<latexit sha1_base64="1iar//ia0p0GR2i1ewklGWExBrc="></latexit><latexit sha1_base64="1iar//ia0p0GR2i1ewklGWExBrc="></latexit><latexit sha1_base64="1iar//ia0p0GR2i1ewklGWExBrc="></latexit>

S,U identify sides a,b,c 
while T rotates 
everything by 
identifying sides d.

¥ We conclude that the symmetry of the branes  is where the 

Z2
<latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit><latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit><latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit>

symmetry is generated by CáU
<latexit sha1_base64="wujhUbWM7beLzTO1ks2rwVcz4eA=">AAACFnicbVBNSwJBGJ7t0+zL6thlSIIOImsE2U3w0tGgTUMXeXccdXB2Z5l5NxDxV3QK6rd0iq5d+yndmtU9pPbAwMPzvF/zBLEUBl3321lb39jc2s7t5Hf39g8OC0fHD0YlmnGPKal0KwDDpYi4hwIlb8WaQxhI3gxG9dRvPnFthIrucRxzP4RBJPqCAVrpsd5hPYUx9bqFolt2Z6CrpJKRIsnQ6BZ+Oj3FkpBHyCQY0664MfoT0CiY5NN8JzE8BjaCAW9bGkHIjT+ZHTyl51bp0b7S9kVIZ+rfjgmExozDwFaGgEOz7KXif147wX7Vn4goTpBHbL6on0iKiqa/pz2hOUM5tgSYFvZWyoaggaHNaGFLOhuVkqYUaBhxLAVyBFrDeJq3WVWWk1kl3mX5puzeXRVr1Sy0HDklZ+SCVMg1qZFb0iAeYSQkz+SVvDkvzrvz4XzOS9ecrOeELMD5+gUMNKAw</latexit><latexit sha1_base64="wujhUbWM7beLzTO1ks2rwVcz4eA=">AAACFnicbVBNSwJBGJ7t0+zL6thlSIIOImsE2U3w0tGgTUMXeXccdXB2Z5l5NxDxV3QK6rd0iq5d+yndmtU9pPbAwMPzvF/zBLEUBl3321lb39jc2s7t5Hf39g8OC0fHD0YlmnGPKal0KwDDpYi4hwIlb8WaQxhI3gxG9dRvPnFthIrucRxzP4RBJPqCAVrpsd5hPYUx9bqFolt2Z6CrpJKRIsnQ6BZ+Oj3FkpBHyCQY0664MfoT0CiY5NN8JzE8BjaCAW9bGkHIjT+ZHTyl51bp0b7S9kVIZ+rfjgmExozDwFaGgEOz7KXif147wX7Vn4goTpBHbL6on0iKiqa/pz2hOUM5tgSYFvZWyoaggaHNaGFLOhuVkqYUaBhxLAVyBFrDeJq3WVWWk1kl3mX5puzeXRVr1Sy0HDklZ+SCVMg1qZFb0iAeYSQkz+SVvDkvzrvz4XzOS9ecrOeELMD5+gUMNKAw</latexit><latexit sha1_base64="wujhUbWM7beLzTO1ks2rwVcz4eA=">AAACFnicbVBNSwJBGJ7t0+zL6thlSIIOImsE2U3w0tGgTUMXeXccdXB2Z5l5NxDxV3QK6rd0iq5d+yndmtU9pPbAwMPzvF/zBLEUBl3321lb39jc2s7t5Hf39g8OC0fHD0YlmnGPKal0KwDDpYi4hwIlb8WaQxhI3gxG9dRvPnFthIrucRxzP4RBJPqCAVrpsd5hPYUx9bqFolt2Z6CrpJKRIsnQ6BZ+Oj3FkpBHyCQY0664MfoT0CiY5NN8JzE8BjaCAW9bGkHIjT+ZHTyl51bp0b7S9kVIZ+rfjgmExozDwFaGgEOz7KXif147wX7Vn4goTpBHbL6on0iKiqa/pz2hOUM5tgSYFvZWyoaggaHNaGFLOhuVkqYUaBhxLAVyBFrDeJq3WVWWk1kl3mX5puzeXRVr1Sy0HDklZ+SCVMg1qZFb0iAeYSQkz+SVvDkvzrvz4XzOS9ecrOeELMD5+gUMNKAw</latexit>

z
<latexit sha1_base64="f3V8DjVA3OeEFT7Ul6CTQ+B/IPo=">AAACDnicbVC7SgNBFJ31GeMrammzGASLEDYiGLuAjWUCxgSSJdyd3CRDZneWmbvCGvIFVoJ+i5XY+gt+ip2TR2ESDwwczrmvOUEshSHP+3bW1jc2t7YzO9ndvf2Dw9zR8YNRieZY50oq3QzAoBQR1kmQxGasEcJAYiMY3k78xiNqI1R0T2mMfgj9SPQEB7JS7amTy3tFbwp3lZTmJM/mqHZyP+2u4kmIEXEJxrRKXkz+CDQJLnGcbScGY+BD6GPL0ghCNP5oeujYPbdK1+0pbV9E7lT92zGC0Jg0DGxlCDQwy95E/M9rJdQr+yMRxQlhxGeLeol0SbmTX7tdoZGTTC0BroW91eUD0MDJZrOwZTKblJKmEGgYIhUCOQStIR1nbVal5WRWSf2yeFP0alf5SnkeWoadsjN2wUrsmlXYHauyOuMM2TN7ZW/Oi/PufDifs9I1Z95zwhbgfP0CVtCdLA==</latexit><latexit sha1_base64="f3V8DjVA3OeEFT7Ul6CTQ+B/IPo=">AAACDnicbVC7SgNBFJ31GeMrammzGASLEDYiGLuAjWUCxgSSJdyd3CRDZneWmbvCGvIFVoJ+i5XY+gt+ip2TR2ESDwwczrmvOUEshSHP+3bW1jc2t7YzO9ndvf2Dw9zR8YNRieZY50oq3QzAoBQR1kmQxGasEcJAYiMY3k78xiNqI1R0T2mMfgj9SPQEB7JS7amTy3tFbwp3lZTmJM/mqHZyP+2u4kmIEXEJxrRKXkz+CDQJLnGcbScGY+BD6GPL0ghCNP5oeujYPbdK1+0pbV9E7lT92zGC0Jg0DGxlCDQwy95E/M9rJdQr+yMRxQlhxGeLeol0SbmTX7tdoZGTTC0BroW91eUD0MDJZrOwZTKblJKmEGgYIhUCOQStIR1nbVal5WRWSf2yeFP0alf5SnkeWoadsjN2wUrsmlXYHauyOuMM2TN7ZW/Oi/PufDifs9I1Z95zwhbgfP0CVtCdLA==</latexit><latexit sha1_base64="f3V8DjVA3OeEFT7Ul6CTQ+B/IPo=">AAACDnicbVC7SgNBFJ31GeMrammzGASLEDYiGLuAjWUCxgSSJdyd3CRDZneWmbvCGvIFVoJ+i5XY+gt+ip2TR2ESDwwczrmvOUEshSHP+3bW1jc2t7YzO9ndvf2Dw9zR8YNRieZY50oq3QzAoBQR1kmQxGasEcJAYiMY3k78xiNqI1R0T2mMfgj9SPQEB7JS7amTy3tFbwp3lZTmJM/mqHZyP+2u4kmIEXEJxrRKXkz+CDQJLnGcbScGY+BD6GPL0ghCNP5oeujYPbdK1+0pbV9E7lT92zGC0Jg0DGxlCDQwy95E/M9rJdQr+yMRxQlhxGeLeol0SbmTX7tdoZGTTC0BroW91eUD0MDJZrOwZTKblJKmEGgYIhUCOQStIR1nbVal5WRWSf2yeFP0alf5SnkeWoadsjN2wUrsmlXYHauyOuMM2TN7ZW/Oi/PufDifs9I1Z95zwhbgfP0CVtCdLA==</latexit>

�3 ! Z2 ' A4 ! Z2
<latexit sha1_base64="svW+7yAGzX22DvHdz7cWnhenC0g="></latexit><latexit sha1_base64="svW+7yAGzX22DvHdz7cWnhenC0g="></latexit><latexit sha1_base64="svW+7yAGzX22DvHdz7cWnhenC0g="></latexit>
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The model 
Fields located on the branes 

The super Þelds located on the branes do not depend on the extra dimensions and 
therefore they must have weight zero.
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The model 
Fields on the bulk 

¥ The two copies of each T, with different boundary conditions, allow different 
masses for down quarks and charged leptons.

¥ The MSSM Higgs Þelds hu,hd are inside the H5,5, respectively.

¥ Two ßavons         that help to give structure to fermion masses�1,2
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Yukawa structure
WY = yN
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Majorana masses

Dirac neutrino masses

Charged leptons

Down quarks

Up quarks
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Yukawa structure
WY = yN
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Majorana masses

Dirac neutrino masses

Charged leptons

Down quarks

Up quarks

Modular forms with
non trivial weights!
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Mass Matrices 
¥ The down quark and charged 

lepton mass matrices are  diagonal:

M d = vd
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2
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3

#

$ ÷v1,

M e = vd
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¥  The Þt to the observed masses is 
straightforward. 

¥ The hierarchy between the masses 
of the different families is 
understood through the powers of ÷!
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Mass Matrices 
¥ The down quark and charged 

lepton mass matrices are  diagonal:

M d = vd

!

"
yd

1
÷! 2 0 0

0 yd
2

÷! 0
0 0 yd

3

#

$ ÷v1,

M e = vd

!

"
ye

1
÷! 2 0 0

0 ye
2

÷! 0
0 0 ye

3

#

$ ÷v1,

<latexit sha1_base64="vj43EoKl1wqbm9InA0ZhxVYpuV8="></latexit><latexit sha1_base64="vj43EoKl1wqbm9InA0ZhxVYpuV8="></latexit><latexit sha1_base64="vj43EoKl1wqbm9InA0ZhxVYpuV8="></latexit>

The up quark mass matrix is given by: 

Mu = vu

!

"
yu
11

÷⇠4 yu
12

÷⇠3 yu
13

÷⇠2

yu
21

÷⇠3 yu
22

÷⇠2 y23÷⇠
yu
31

÷⇠2 yu
32

÷⇠ yu
33

#

$ ÷v2,

<latexit sha1_base64="X3ztSLjzvNLPaJP3f1//eN2izoo="></latexit><latexit sha1_base64="X3ztSLjzvNLPaJP3f1//eN2izoo="></latexit><latexit sha1_base64="X3ztSLjzvNLPaJP3f1//eN2izoo="></latexit>

¥  The Þt to the observed masses is 
straightforward. 

¥ The hierarchy between the masses 
of the different families is 
understood through the powers of ÷!

<latexit sha1_base64="vSzMXGydIyre+cHEInaHWJyzNZw=">AAACGHicbVBNSwJBGJ7t0+zL6thlSYIOImsE1U3o0tGgTUFF3h1fdXB2Z5l5N5LFn9EpqN/SKbp266d0a1Y9pPbAwMPzvF/zBLEUhjzv21lZXVvf2Mxt5bd3dvf2CweHD0YlmqPPlVS6EYBBKSL0SZDERqwRwkBiPRjeZH79EbURKrqnUYztEPqR6AkOZKVmi4TsYtp6EuNOoeiVvQncZVKZkSKbodYp/LS6iichRsQlGNOseDG1U9AkuMRxvpUYjIEPoY9NSyMI0bTTyclj99QqXbentH0RuRP1b0cKoTGjMLCVIdDALHqZ+J/XTKh31U5FFCeEEZ8u6iXSJeVm/3e7QiMnObIEuBb2VpcPQAMnm9Lclmw2KSVNKdAwRCoFcghaw2ict1lVFpNZJv55+brs3V0Uq9VZaDl2zE7YGauwS1Zlt6zGfMaZYs/slb05L8678+F8TktXnFnPEZuD8/ULzzqhwQ==</latexit><latexit sha1_base64="vSzMXGydIyre+cHEInaHWJyzNZw=">AAACGHicbVBNSwJBGJ7t0+zL6thlSYIOImsE1U3o0tGgTUFF3h1fdXB2Z5l5N5LFn9EpqN/SKbp266d0a1Y9pPbAwMPzvF/zBLEUhjzv21lZXVvf2Mxt5bd3dvf2CweHD0YlmqPPlVS6EYBBKSL0SZDERqwRwkBiPRjeZH79EbURKrqnUYztEPqR6AkOZKVmi4TsYtp6EuNOoeiVvQncZVKZkSKbodYp/LS6iichRsQlGNOseDG1U9AkuMRxvpUYjIEPoY9NSyMI0bTTyclj99QqXbentH0RuRP1b0cKoTGjMLCVIdDALHqZ+J/XTKh31U5FFCeEEZ8u6iXSJeVm/3e7QiMnObIEuBb2VpcPQAMnm9Lclmw2KSVNKdAwRCoFcghaw2ict1lVFpNZJv55+brs3V0Uq9VZaDl2zE7YGauwS1Zlt6zGfMaZYs/slb05L8678+F8TktXnFnPEZuD8/ULzzqhwQ==</latexit><latexit sha1_base64="vSzMXGydIyre+cHEInaHWJyzNZw=">AAACGHicbVBNSwJBGJ7t0+zL6thlSYIOImsE1U3o0tGgTUFF3h1fdXB2Z5l5N5LFn9EpqN/SKbp266d0a1Y9pPbAwMPzvF/zBLEUhjzv21lZXVvf2Mxt5bd3dvf2CweHD0YlmqPPlVS6EYBBKSL0SZDERqwRwkBiPRjeZH79EbURKrqnUYztEPqR6AkOZKVmi4TsYtp6EuNOoeiVvQncZVKZkSKbodYp/LS6iichRsQlGNOseDG1U9AkuMRxvpUYjIEPoY9NSyMI0bTTyclj99QqXbentH0RuRP1b0cKoTGjMLCVIdDALHqZ+J/XTKh31U5FFCeEEZ8u6iXSJeVm/3e7QiMnObIEuBb2VpcPQAMnm9Lclmw2KSVNKdAwRCoFcghaw2ict1lVFpNZJv55+brs3V0Uq9VZaDl2zE7YGauwS1Zlt6zGfMaZYs/slb05L8678+F8TktXnFnPEZuD8/ULzzqhwQ==</latexit>

¥ All contributions to quark mixing is 
coming from the up sector. 

¥ The smallest phenomenologically 
viable choice for weight is � = 7

<latexit sha1_base64="zhxvAiGoa2QjW52D157jIOhU7Wc=">AAACFXicbVBNSwJBGJ7t0+zL6thlSYIOIrsRWIdA6tLRIFPQRd4dZ3VwZmeZeTcQ8U90Cuq3dIqunfsp3Rp1D6k9MPDwPO/XPGEiuEHP+3ZWVtfWNzZzW/ntnd29/cLB4aNRqaasTpVQuhmCYYLHrI4cBWsmmoEMBWuEg9uJ33hi2nAVP+AwYYGEXswjTgGt1Gz3QEq4rnQKRa/sTeEuEz8jRZKh1in8tLuKppLFSAUY0/K9BIMRaORUsHG+nRqWAB1Aj7UsjUEyE4ym947dU6t03Uhp+2J0p+rfjhFIY4YytJUSsG8WvYn4n9dKMboMRjxOUmQxnS2KUuGiciefd7tcM4piaAlQze2tLu2DBoo2orktk9molDClUMOAYSkUA9AahuO8zcpfTGaZ1M/LV2Xv/qJYvclCy5FjckLOiE8qpEruSI3UCSWCPJNX8ua8OO/Oh/M5K11xsp4jMgfn6xdQdJ/V</latexit><latexit sha1_base64="zhxvAiGoa2QjW52D157jIOhU7Wc=">AAACFXicbVBNSwJBGJ7t0+zL6thlSYIOIrsRWIdA6tLRIFPQRd4dZ3VwZmeZeTcQ8U90Cuq3dIqunfsp3Rp1D6k9MPDwPO/XPGEiuEHP+3ZWVtfWNzZzW/ntnd29/cLB4aNRqaasTpVQuhmCYYLHrI4cBWsmmoEMBWuEg9uJ33hi2nAVP+AwYYGEXswjTgGt1Gz3QEq4rnQKRa/sTeEuEz8jRZKh1in8tLuKppLFSAUY0/K9BIMRaORUsHG+nRqWAB1Aj7UsjUEyE4ym947dU6t03Uhp+2J0p+rfjhFIY4YytJUSsG8WvYn4n9dKMboMRjxOUmQxnS2KUuGiciefd7tcM4piaAlQze2tLu2DBoo2orktk9molDClUMOAYSkUA9AahuO8zcpfTGaZ1M/LV2Xv/qJYvclCy5FjckLOiE8qpEruSI3UCSWCPJNX8ua8OO/Oh/M5K11xsp4jMgfn6xdQdJ/V</latexit><latexit sha1_base64="zhxvAiGoa2QjW52D157jIOhU7Wc=">AAACFXicbVBNSwJBGJ7t0+zL6thlSYIOIrsRWIdA6tLRIFPQRd4dZ3VwZmeZeTcQ8U90Cuq3dIqunfsp3Rp1D6k9MPDwPO/XPGEiuEHP+3ZWVtfWNzZzW/ntnd29/cLB4aNRqaasTpVQuhmCYYLHrI4cBWsmmoEMBWuEg9uJ33hi2nAVP+AwYYGEXswjTgGt1Gz3QEq4rnQKRa/sTeEuEz8jRZKh1in8tLuKppLFSAUY0/K9BIMRaORUsHG+nRqWAB1Aj7UsjUEyE4ym947dU6t03Uhp+2J0p+rfjhFIY4YytJUSsG8WvYn4n9dKMboMRjxOUmQxnS2KUuGiciefd7tcM4piaAlQze2tLu2DBoo2orktk9molDClUMOAYSkUA9AahuO8zcpfTGaZ1M/LV2Xv/qJYvclCy5FjckLOiE8qpEruSI3UCSWCPJNX8ua8OO/Oh/M5K11xsp4jMgfn6xdQdJ/V</latexit>
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Alignments from modular forms 
A modular form has to satisfy 

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit><latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit><latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit>

They can be constructed from 
the Dedekind Eta function

! (" ) = q
1
24

1Y

n=1

(1 � qn) , q ⌘ ei2⇡⌧ .
<latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit><latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit><latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit>

The modular form      must be a triplety!
s

<latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit><latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit><latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit>

The modular form      can be a 
singlet or a triplet

y!
a

<latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit><latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit><latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit>
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Alignments from modular forms 
A modular form has to satisfy 

f (! ) ! (c! + d)k " f (! )
<latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit><latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit><latexit sha1_base64="rW/uHi3mc4RKD4OBsfM9Vyn+gyk="></latexit>

They can be constructed from 
the Dedekind Eta function

! (" ) = q
1
24

1Y

n=1

(1 � qn) , q ⌘ ei2⇡⌧ .
<latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit><latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit><latexit sha1_base64="j+Yb/iYcNvtpy9GaZJ51m0gbbaM="></latexit>

The modular form      must be a triplety!
s

<latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit><latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit><latexit sha1_base64="ILWWrnAuJV0iJIJy1Vdr8V+qf2w=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWnP9MoVr+ZN4C6T+oxUyAzNXvmn21c0jZlEKsCYTt1L0B+BRk4FG5e6qWEJ0AgGrGOphJgZfzQ5d+yeWKXvhkrbJ9GdqH87RhAbk8WBrYwBh2bRy8X/vE6K4aU/4jJJkUk6XRSmwkXl5n93+1wziiKzBKjm9laXDkEDRZvQ3JZ8NiolTDXQEDGsBiICrSEbl2xW9cVklknrrHZV827PK43GLLQiOSLH5JTUyQVpkBvSJC1CSUSeySt5c16cd+fD+ZyWFpxZzyGZg/P1C0uYn94=</latexit>

The modular form      can be a 
singlet or a triplet

y!
a

<latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit><latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit><latexit sha1_base64="AUBigFCLLOaTIhJJgnmw7mCUNFQ=">AAACFHicbVDLSsNAFJ3UV62vqks3wSK4KCUVQd0V3LisYK3QxnIznbRDJjNh5kYIpR/hStBvcSVu3fsp7py0XdjWAwOHc+5rTpAIbtDzvp3Cyura+kZxs7S1vbO7V94/uDcq1ZS1qBJKPwRgmOCStZCjYA+JZhAHgrWD6Dr3209MG67kHWYJ82MYSB5yCmildvbYlWkPeuWKV/MmcJdJfUYqZIZmr/zT7SuaxkwiFWBMp+4l6I9AI6eCjUvd1LAEaAQD1rFUQsyMP5qcO3ZPrNJ3Q6Xtk+hO1L8dI4iNyeLAVsaAQ7Po5eJ/XifF8NIfcZmkyCSdLgpT4aJy87+7fa4ZRZFZAlRze6tLh6CBok1obks+G5USphpoiBhWAxGB1pCNSzar+mIyy6R1VruqebfnlUZjFlqRHJFjckrq5II0yA1pkhahJCLP5JW8OS/Ou/PhfE5LC86s55DMwfn6BS2kn8w=</latexit>

Only alignments satisfying the 
extended symmetry A4 ! Z2

<latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit><latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit><latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit>

Neutrino mass matrix deÞned from these modular forms!



!21

Neutrino Mass Matrix
m! = v2y! M ! 1

N yT
!

<latexit sha1_base64="gO6RW9H92TsiOpHTzxK181yzNfg=">AAACC3icbVDNSsNAGNzUv1r/qh69LBbBiyUpgnoQil68KBUaW2jTsNlu26WbTdjdFELIA3jxVbx4UPHqC3jzbdy0OWjrwMIwMx/ffuOFjEplmt9GYWl5ZXWtuF7a2Nza3inv7j3IIBKY2DhggWh7SBJGObEVVYy0Q0GQ7zHS8sbXmd+aECFpwJsqDonjoyGnA4qR0pJbrvhul0eXk14NxhmDt73kxErd5C7NhV5Tp8yqOQVcJFZOKiBHwy1/dfsBjnzCFWZIyo5lhspJkFAUM5KWupEkIcJjNCQdTTnyiXSS6TEpPNJKHw4CoR9XcKr+nkiQL2XsezrpIzWS814m/ud1IjU4dxLKw0gRjmeLBhGDKoBZM7BPBcGKxZogLKj+K8QjJBBWur+SLsGaP3mR2LXqRdW8P63Ur/I2iuAAHIJjYIEzUAc3oAFsgMEjeAav4M14Ml6Md+NjFi0Y+cw++APj8wd7kJow</latexit><latexit sha1_base64="gO6RW9H92TsiOpHTzxK181yzNfg=">AAACC3icbVDNSsNAGNzUv1r/qh69LBbBiyUpgnoQil68KBUaW2jTsNlu26WbTdjdFELIA3jxVbx4UPHqC3jzbdy0OWjrwMIwMx/ffuOFjEplmt9GYWl5ZXWtuF7a2Nza3inv7j3IIBKY2DhggWh7SBJGObEVVYy0Q0GQ7zHS8sbXmd+aECFpwJsqDonjoyGnA4qR0pJbrvhul0eXk14NxhmDt73kxErd5C7NhV5Tp8yqOQVcJFZOKiBHwy1/dfsBjnzCFWZIyo5lhspJkFAUM5KWupEkIcJjNCQdTTnyiXSS6TEpPNJKHw4CoR9XcKr+nkiQL2XsezrpIzWS814m/ud1IjU4dxLKw0gRjmeLBhGDKoBZM7BPBcGKxZogLKj+K8QjJBBWur+SLsGaP3mR2LXqRdW8P63Ur/I2iuAAHIJjYIEzUAc3oAFsgMEjeAav4M14Ml6Md+NjFi0Y+cw++APj8wd7kJow</latexit><latexit sha1_base64="gO6RW9H92TsiOpHTzxK181yzNfg=">AAACC3icbVDNSsNAGNzUv1r/qh69LBbBiyUpgnoQil68KBUaW2jTsNlu26WbTdjdFELIA3jxVbx4UPHqC3jzbdy0OWjrwMIwMx/ffuOFjEplmt9GYWl5ZXWtuF7a2Nza3inv7j3IIBKY2DhggWh7SBJGObEVVYy0Q0GQ7zHS8sbXmd+aECFpwJsqDonjoyGnA4qR0pJbrvhul0eXk14NxhmDt73kxErd5C7NhV5Tp8yqOQVcJFZOKiBHwy1/dfsBjnzCFWZIyo5lhspJkFAUM5KWupEkIcJjNCQdTTnyiXSS6TEpPNJKHw4CoR9XcKr+nkiQL2XsezrpIzWS814m/ud1IjU4dxLKw0gRjmeLBhGDKoBZM7BPBcGKxZogLKj+K8QjJBBWur+SLsGaP3mR2LXqRdW8P63Ur/I2iuAAHIJjYIEzUAc3oAFsgMEjeAav4M14Ml6Md+NjFi0Y+cw++APj8wd7kJow</latexit>

After applying the type-I Seesaw Mechanism

m! =

!
v2

u

! ! "

÷! 2

yN
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" 6(" 6)T +
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! ! "
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÷! yN

a

$
#6(#6)T

<latexit sha1_base64="MJ6PNTdH/7U3j/TT4ssVLT9jmTI="></latexit><latexit sha1_base64="MJ6PNTdH/7U3j/TT4ssVLT9jmTI="></latexit><latexit sha1_base64="MJ6PNTdH/7U3j/TT4ssVLT9jmTI="></latexit>

where      and      are given by the modular forms  ! 6
<latexit sha1_base64="UhWFvvMfd/xsIU+UhRooQsehr3k=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bErunFZwdhCG8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dl9LGzrgYHDOfc1x08E1+g431ZhZXVtfaO4Wdra3tndK+8fPGqZKspcKoVUbR80EzxmLnIUrJ0oBpEvWMsPb8d+64kpzWX8gFnCvAgGMQ84BTRSuwsiGULvoleuODVnAnuZ1GekQmZo9so/3b6kacRipAK07tSdBL0cFHIq2KjUTTVLgIYwYB1DY4iY9vLJvSP7xCh9O5DKvBjtifq3I4dI6yzyTWUEONSL3lj8z+ukGFx5OY+TFFlMp4uCVNgo7fHn7T5XjKLIDAGquLnVpkNQQNFENLdlPBulFLrqKwgZVn0RglKQjUomq/piMsvEPatd15z780rjZhZakRyRY3JK6uSSNMgdaRKXUCLIM3klb9aL9W59WJ/T0oI16zkkc7C+fgGMjp/5</latexit><latexit sha1_base64="UhWFvvMfd/xsIU+UhRooQsehr3k=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bErunFZwdhCG8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dl9LGzrgYHDOfc1x08E1+g431ZhZXVtfaO4Wdra3tndK+8fPGqZKspcKoVUbR80EzxmLnIUrJ0oBpEvWMsPb8d+64kpzWX8gFnCvAgGMQ84BTRSuwsiGULvoleuODVnAnuZ1GekQmZo9so/3b6kacRipAK07tSdBL0cFHIq2KjUTTVLgIYwYB1DY4iY9vLJvSP7xCh9O5DKvBjtifq3I4dI6yzyTWUEONSL3lj8z+ukGFx5OY+TFFlMp4uCVNgo7fHn7T5XjKLIDAGquLnVpkNQQNFENLdlPBulFLrqKwgZVn0RglKQjUomq/piMsvEPatd15z780rjZhZakRyRY3JK6uSSNMgdaRKXUCLIM3klb9aL9W59WJ/T0oI16zkkc7C+fgGMjp/5</latexit><latexit sha1_base64="UhWFvvMfd/xsIU+UhRooQsehr3k=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4KCUV8bErunFZwdhCG8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dl9LGzrgYHDOfc1x08E1+g431ZhZXVtfaO4Wdra3tndK+8fPGqZKspcKoVUbR80EzxmLnIUrJ0oBpEvWMsPb8d+64kpzWX8gFnCvAgGMQ84BTRSuwsiGULvoleuODVnAnuZ1GekQmZo9so/3b6kacRipAK07tSdBL0cFHIq2KjUTTVLgIYwYB1DY4iY9vLJvSP7xCh9O5DKvBjtifq3I4dI6yzyTWUEONSL3lj8z+ukGFx5OY+TFFlMp4uCVNgo7fHn7T5XjKLIDAGquLnVpkNQQNFENLdlPBulFLrqKwgZVn0RglKQjUomq/piMsvEPatd15z780rjZhZakRyRY3JK6uSSNMgdaRKXUCLIM3klb9aL9W59WJ/T0oI16zkkc7C+fgGMjp/5</latexit>

! 6
<latexit sha1_base64="uarNIyZpqVS+s/temcncrMQGffY=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRfdykLh0NMgUVeXd81WFnd5aZdwMRf0SnoH5Lp+javZ/SrVn1kNoDAw/P837N48dSGPK8byezsrq2vpHdzG1t7+zu5fcPHo1KNMcaV1Lphg8GpYiwRoIkNmKNEPoS635wm/r1J9RGqOiBhjG2Q+hHoic4kJXqLR8JOhedfMEreRO4y6Q8IwU2Q7WT/2l1FU9CjIhLMKZZ9mJqj0CT4BLHuVZiMAYeQB+blkYQommPJueO3ROrdN2e0vZF5E7Uvx0jCI0Zhr6tDIEGZtFLxf+8ZkK9q/ZIRHFCGPHpol4iXVJu+ne3KzRykkNLgGthb3X5ADRwsgnNbUlnk1LSFH0NAVLRlwFoDcNxzmZVXkxmmdTOStcl7/68ULmZhZZlR+yYnbIyu2QVdseqrMY4C9gze2Vvzovz7nw4n9PSjDPrOWRzcL5+AbQpn4U=</latexit><latexit sha1_base64="uarNIyZpqVS+s/temcncrMQGffY=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRfdykLh0NMgUVeXd81WFnd5aZdwMRf0SnoH5Lp+javZ/SrVn1kNoDAw/P837N48dSGPK8byezsrq2vpHdzG1t7+zu5fcPHo1KNMcaV1Lphg8GpYiwRoIkNmKNEPoS635wm/r1J9RGqOiBhjG2Q+hHoic4kJXqLR8JOhedfMEreRO4y6Q8IwU2Q7WT/2l1FU9CjIhLMKZZ9mJqj0CT4BLHuVZiMAYeQB+blkYQommPJueO3ROrdN2e0vZF5E7Uvx0jCI0Zhr6tDIEGZtFLxf+8ZkK9q/ZIRHFCGPHpol4iXVJu+ne3KzRykkNLgGthb3X5ADRwsgnNbUlnk1LSFH0NAVLRlwFoDcNxzmZVXkxmmdTOStcl7/68ULmZhZZlR+yYnbIyu2QVdseqrMY4C9gze2Vvzovz7nw4n9PSjDPrOWRzcL5+AbQpn4U=</latexit><latexit sha1_base64="uarNIyZpqVS+s/temcncrMQGffY=">AAACFHicbVBNSwJBGJ61L7Mvq2OXJQk6iKwRfdykLh0NMgUVeXd81WFnd5aZdwMRf0SnoH5Lp+javZ/SrVn1kNoDAw/P837N48dSGPK8byezsrq2vpHdzG1t7+zu5fcPHo1KNMcaV1Lphg8GpYiwRoIkNmKNEPoS635wm/r1J9RGqOiBhjG2Q+hHoic4kJXqLR8JOhedfMEreRO4y6Q8IwU2Q7WT/2l1FU9CjIhLMKZZ9mJqj0CT4BLHuVZiMAYeQB+blkYQommPJueO3ROrdN2e0vZF5E7Uvx0jCI0Zhr6tDIEGZtFLxf+8ZkK9q/ZIRHFCGPHpol4iXVJu+ne3KzRykkNLgGthb3X5ADRwsgnNbUlnk1LSFH0NAVLRlwFoDcNxzmZVXkxmmdTOStcl7/68ULmZhZZlR+yYnbIyu2QVdseqrMY4C9gze2Vvzovz7nw4n9PSjDPrOWRzcL5+AbQpn4U=</latexit>

! 6 = y

!
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!
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2y2 + y3(2" 2 ! 2" )
y1 + y2(4" + 1) ! y3

y1 + y2(4" 2 + 1) + y3

#

$

<latexit sha1_base64="sedHlNOo6ss7SQzS0Q5bIzXu6HI="></latexit><latexit sha1_base64="sedHlNOo6ss7SQzS0Q5bIzXu6HI="></latexit><latexit sha1_base64="sedHlNOo6ss7SQzS0Q5bIzXu6HI="></latexit>

The effective parameters  at low energy are { y, y1, y2, y3}
<latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit><latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit><latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit>

The       symmetry Þxes the parameters                        to be real while       is 
purely imaginary. 

Z2
<latexit sha1_base64="gJBdofu/iKpfU6mWY8jznlq+OxE=">AAACGXicbVA9SwNBFNyLXzF+RS1tDoNgEcIlCGojARvLCJ4JJiG83WySJXu3x+47IRz5G1aC/hYrsbXyp9i5l1yhiQMLw8x7+4ahkRQGPe/Lya2srq1v5DcLW9s7u3vF/YN7o2LNuM+UVLpFwXApQu6jQMlbkeYQUMmbdHyd+s1Hro1Q4R1OIt4NYBiKgWCAVup0AsARpcnDtFfrFUtexZvBXSbVjJRIhkav+N3pKxYHPEQmwZh21Yuwm4BGwSSfFjqx4RGwMQx529IQAm66ySzz1D2xSt8dKG1fiO5M/b2RQGDMJKB2Ms1oFr1U/M9rxzi46CYijGLkIZsfGsTSReWmBbh9oTlDObEEmBY2q8tGoIGhrenPlfRvVEqaMtUw5limcgxaw2RasF1VF5tZJn6tclnxbs9K9austDw5IsfklFTJOamTG9IgPmEkIk/khbw6z86b8+58zEdzTrZzSP7A+fwBCH+h0w==</latexit><latexit sha1_base64="gJBdofu/iKpfU6mWY8jznlq+OxE=">AAACGXicbVA9SwNBFNyLXzF+RS1tDoNgEcIlCGojARvLCJ4JJiG83WySJXu3x+47IRz5G1aC/hYrsbXyp9i5l1yhiQMLw8x7+4ahkRQGPe/Lya2srq1v5DcLW9s7u3vF/YN7o2LNuM+UVLpFwXApQu6jQMlbkeYQUMmbdHyd+s1Hro1Q4R1OIt4NYBiKgWCAVup0AsARpcnDtFfrFUtexZvBXSbVjJRIhkav+N3pKxYHPEQmwZh21Yuwm4BGwSSfFjqx4RGwMQx529IQAm66ySzz1D2xSt8dKG1fiO5M/b2RQGDMJKB2Ms1oFr1U/M9rxzi46CYijGLkIZsfGsTSReWmBbh9oTlDObEEmBY2q8tGoIGhrenPlfRvVEqaMtUw5limcgxaw2RasF1VF5tZJn6tclnxbs9K9austDw5IsfklFTJOamTG9IgPmEkIk/khbw6z86b8+58zEdzTrZzSP7A+fwBCH+h0w==</latexit><latexit sha1_base64="gJBdofu/iKpfU6mWY8jznlq+OxE=">AAACGXicbVA9SwNBFNyLXzF+RS1tDoNgEcIlCGojARvLCJ4JJiG83WySJXu3x+47IRz5G1aC/hYrsbXyp9i5l1yhiQMLw8x7+4ahkRQGPe/Lya2srq1v5DcLW9s7u3vF/YN7o2LNuM+UVLpFwXApQu6jQMlbkeYQUMmbdHyd+s1Hro1Q4R1OIt4NYBiKgWCAVup0AsARpcnDtFfrFUtexZvBXSbVjJRIhkav+N3pKxYHPEQmwZh21Yuwm4BGwSSfFjqx4RGwMQx529IQAm66ySzz1D2xSt8dKG1fiO5M/b2RQGDMJKB2Ms1oFr1U/M9rxzi46CYijGLkIZsfGsTSReWmBbh9oTlDObEEmBY2q8tGoIGhrenPlfRvVEqaMtUw5limcgxaw2RasF1VF5tZJn6tclnxbs9K9austDw5IsfklFTJOamTG9IgPmEkIk/khbw6z86b8+58zEdzTrZzSP7A+fwBCH+h0w==</latexit>

{ y, y1, y2}
<latexit sha1_base64="lHk7Mq3zNQ6pfAAwxubLb+DxCEA=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUpgrqRghuXFYwttKHcTKft0EkmztwIIfQ7XAn6La7ErRs/xZ3TNgttPXDhcM59cYJYcI2O82UVVlbX1jeKm6Wt7Z3dvfL+wb2WiaLMo1JI1Q5AM8Ej5iFHwdqxYhAGgrWC8fXUbz0ypbmM7jCNmR/CMOIDTgGN5HeztJr2XFP17qRXrjg1ZwZ7mbg5qZAczV75u9uXNAlZhFSA1h3XidHPQCGngk1K3USzGOgYhqxjaAQh0342e3pinxilbw+kMhWhPVN/T2QQap2GgekMAUd60ZuK/3mdBAcXfsajOEEW0fmhQSJslPY0AbvPFaMoUkOAKm5+tekIFFA0Of25Mt2NUgpdDRSMGVYDMQalIJ2UTFbuYjLLxKvXLmvO7VmlcZWHViRH5JicEpeckwa5IU3iEUoeyBN5Ia/Ws/VmvVsf89aClc8ckj+wPn8ABWihxA==</latexit><latexit sha1_base64="lHk7Mq3zNQ6pfAAwxubLb+DxCEA=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUpgrqRghuXFYwttKHcTKft0EkmztwIIfQ7XAn6La7ErRs/xZ3TNgttPXDhcM59cYJYcI2O82UVVlbX1jeKm6Wt7Z3dvfL+wb2WiaLMo1JI1Q5AM8Ej5iFHwdqxYhAGgrWC8fXUbz0ypbmM7jCNmR/CMOIDTgGN5HeztJr2XFP17qRXrjg1ZwZ7mbg5qZAczV75u9uXNAlZhFSA1h3XidHPQCGngk1K3USzGOgYhqxjaAQh0342e3pinxilbw+kMhWhPVN/T2QQap2GgekMAUd60ZuK/3mdBAcXfsajOEEW0fmhQSJslPY0AbvPFaMoUkOAKm5+tekIFFA0Of25Mt2NUgpdDRSMGVYDMQalIJ2UTFbuYjLLxKvXLmvO7VmlcZWHViRH5JicEpeckwa5IU3iEUoeyBN5Ia/Ws/VmvVsf89aClc8ckj+wPn8ABWihxA==</latexit><latexit sha1_base64="lHk7Mq3zNQ6pfAAwxubLb+DxCEA=">AAACGnicbVDLSsNAFJ3UV62vqks3wSK4KCUpgrqRghuXFYwttKHcTKft0EkmztwIIfQ7XAn6La7ErRs/xZ3TNgttPXDhcM59cYJYcI2O82UVVlbX1jeKm6Wt7Z3dvfL+wb2WiaLMo1JI1Q5AM8Ej5iFHwdqxYhAGgrWC8fXUbz0ypbmM7jCNmR/CMOIDTgGN5HeztJr2XFP17qRXrjg1ZwZ7mbg5qZAczV75u9uXNAlZhFSA1h3XidHPQCGngk1K3USzGOgYhqxjaAQh0342e3pinxilbw+kMhWhPVN/T2QQap2GgekMAUd60ZuK/3mdBAcXfsajOEEW0fmhQSJslPY0AbvPFaMoUkOAKm5+tekIFFA0Of25Mt2NUgpdDRSMGVYDMQalIJ2UTFbuYjLLxKvXLmvO7VmlcZWHViRH5JicEpeckwa5IU3iEUoeyBN5Ia/Ws/VmvVsf89aClc8ckj+wPn8ABWihxA==</latexit>

y3
<latexit sha1_base64="jS1+/YcROTiQN9vLzMs+K7nWJLk=">AAACEHicbVDLSsNAFJ34rPVVdekmWAQXpSQqqBspuHFZ0dhCG8rNdNoOnWTCzI0QSj/BlaDf4krc+gd+ijsnbRa29cDA4Zz7mhPEgmt0nG9raXlldW29sFHc3Nre2S3t7T9qmSjKPCqFVM0ANBM8Yh5yFKwZKwZhIFgjGN5kfuOJKc1l9IBpzPwQ+hHvcQpopPu0c9YplZ2qM4G9SNyclEmOeqf00+5KmoQsQipA65brxOiPQCGngo2L7USzGOgQ+qxlaAQh0/5ocurYPjZK1+5JZV6E9kT92zGCUOs0DExlCDjQ814m/ue1Euxd+iMexQmyiE4X9RJho7Szf9tdrhhFkRoCVHFzq00HoICiSWdmSzYbpRS6EigYMqwEYghKQToumqzc+WQWiXdavao6d+fl2nUeWoEckiNyQlxyQWrkltSJRyjpk2fySt6sF+vd+rA+p6VLVt5zQGZgff0ClV6d1w==</latexit><latexit sha1_base64="jS1+/YcROTiQN9vLzMs+K7nWJLk=">AAACEHicbVDLSsNAFJ34rPVVdekmWAQXpSQqqBspuHFZ0dhCG8rNdNoOnWTCzI0QSj/BlaDf4krc+gd+ijsnbRa29cDA4Zz7mhPEgmt0nG9raXlldW29sFHc3Nre2S3t7T9qmSjKPCqFVM0ANBM8Yh5yFKwZKwZhIFgjGN5kfuOJKc1l9IBpzPwQ+hHvcQpopPu0c9YplZ2qM4G9SNyclEmOeqf00+5KmoQsQipA65brxOiPQCGngo2L7USzGOgQ+qxlaAQh0/5ocurYPjZK1+5JZV6E9kT92zGCUOs0DExlCDjQ814m/ue1Euxd+iMexQmyiE4X9RJho7Szf9tdrhhFkRoCVHFzq00HoICiSWdmSzYbpRS6EigYMqwEYghKQToumqzc+WQWiXdavao6d+fl2nUeWoEckiNyQlxyQWrkltSJRyjpk2fySt6sF+vd+rA+p6VLVt5zQGZgff0ClV6d1w==</latexit><latexit sha1_base64="jS1+/YcROTiQN9vLzMs+K7nWJLk=">AAACEHicbVDLSsNAFJ34rPVVdekmWAQXpSQqqBspuHFZ0dhCG8rNdNoOnWTCzI0QSj/BlaDf4krc+gd+ijsnbRa29cDA4Zz7mhPEgmt0nG9raXlldW29sFHc3Nre2S3t7T9qmSjKPCqFVM0ANBM8Yh5yFKwZKwZhIFgjGN5kfuOJKc1l9IBpzPwQ+hHvcQpopPu0c9YplZ2qM4G9SNyclEmOeqf00+5KmoQsQipA65brxOiPQCGngo2L7USzGOgQ+qxlaAQh0/5ocurYPjZK1+5JZV6E9kT92zGCUOs0DExlCDjQ814m/ue1Euxd+iMexQmyiE4X9RJho7Szf9tdrhhFkRoCVHFzq00HoICiSWdmSzYbpRS6EigYMqwEYghKQToumqzc+WQWiXdavao6d+fl2nUeWoEckiNyQlxyQWrkltSJRyjpk2fySt6sF+vd+rA+p6VLVt5zQGZgff0ClV6d1w==</latexit>



!22

reflection symmetryµ ! !
<latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit><latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit><latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit>

The neutrino mass matrix is               reßection symmetric:µ ! !
<latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit><latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit><latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit>

! e ! ! !
e , ! µ ! ! !

! , ! ! ! ! !
µ

<latexit sha1_base64="446YGBfDN+SwX1LEyXmCHSEurCw="></latexit><latexit sha1_base64="446YGBfDN+SwX1LEyXmCHSEurCw="></latexit><latexit sha1_base64="446YGBfDN+SwX1LEyXmCHSEurCw="></latexit>

symmetry leads to having non zero reactor angle, together with

! 13 != 0 , ! 23 = 45! , " l = ± 90!
<latexit sha1_base64="X8IvJEoqTn72pDv6d4J+X7y2mxw="></latexit><latexit sha1_base64="X8IvJEoqTn72pDv6d4J+X7y2mxw="></latexit><latexit sha1_base64="X8IvJEoqTn72pDv6d4J+X7y2mxw="></latexit>

µ ! !
<latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit><latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit><latexit sha1_base64="GNOv/cJpjJ0xx5l5BViXLuNqi9M=">AAACF3icbVBLS0JBGJ3b0+xltWwzJEELk2sE1SaENi0NMiUV+e446nDnzlxmvhuI+C9aBfVbWkXblv2Udo16F6kdGDic873mBLEUFn3/21taXlldW89sZDe3tnd2c3v7D1YnhvEq01KbegCWS6F4FQVKXo8NhyiQvBaEN2O/9sSNFVrd4yDmrQh6SnQFA3TSYzNK6CltIiTtXN4v+hPQRVJKSZ6kqLRzP82OZknEFTIJ1jZKfoytIRgUTPJRtplYHgMLoccbjiqIuG0NJxeP6LFTOrSrjXsK6UT92zGEyNpBFLjKCLBv572x+J/XSLB72RoKFSfIFZsu6iaSoqbj79OOMJyhHDgCzAh3K2V9MMDQhTSzZTwbtZa2EBgIORYCGYIxMBhlXVal+WQWSfWseFX0787z5es0tAw5JEfkhJTIBSmTW1IhVcKIIs/klbx5L9679+F9TkuXvLTngMzA+/oFbrWgYw==</latexit>

maximal atmospheric mixing angle and maximal Dirac CP phase:

Consequence of 

A4 ! Z2
<latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit><latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit><latexit sha1_base64="4bmIJFcCnxtfHgN63z9jcze+MIA="></latexit>

symmetry! 

The parameters { y, y1, y2, y3}
<latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit><latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit><latexit sha1_base64="5RgqXMgrj71reEUr5BRdh+ZDwFQ=">AAACIHicbVDLSsNAFJ34rPXV6tJNsAguSkmqoG6k4MZlBWsLTSg302k7dJIJMzdKCP0UV4J+iytxqX/izuljYVsPXDicc1+cIBZco+N8WSura+sbm7mt/PbO7t5+oXjwoGWiKGtQKaRqBaCZ4BFrIEfBWrFiEAaCNYPhzdhvPjKluYzuMY2ZH0I/4j1OAY3UKRS9LC2nHddU1dSZN+oUSk7FmcBeJu6MlMgM9U7hx+tKmoQsQipA67brxOhnoJBTwUZ5L9EsBjqEPmsbGkHItJ9NXh/ZJ0bp2j2pTEVoT9S/ExmEWqdhYDpDwIFe9Mbif147wd6ln/EoTpBFdHqolwgbpT3Owe5yxSiK1BCgiptfbToABRRNWnNXxrtRSqHLgYIhw3IghqAUpKO8ycpdTGaZNKqVq4pzd16qXc9Cy5EjckxOiUsuSI3ckjppEEqeyDN5JW/Wi/VufVif09YVazZzSOZgff8CL2ujVA==</latexit>

will Þt the rest of the PMNS observables

{ ! l
12, ! l

13, ! m2
21, ! m2

31}
<latexit sha1_base64="BBoc4ulUBT0XYoGg95tVty/tdvQ="></latexit><latexit sha1_base64="BBoc4ulUBT0XYoGg95tVty/tdvQ="></latexit><latexit sha1_base64="BBoc4ulUBT0XYoGg95tVty/tdvQ="></latexit>
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reflection symmetryµ ! !
<latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit><latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit><latexit sha1_base64="Qw+2xVFNqJ/zvYj9Z6asVA/PdZM=">AAACF3icdVDLSgMxFM34rPVVdekmWAQXOmTqq92I4MalglWxLXInTTU0kwzJHaGU/oUrQb/Flbh16ae4M30IKnogcDjnvnLiVEmHjL0HY+MTk1PTuZn87Nz8wmJhafncmcxyUeVGGXsZgxNKalFFiUpcplZAEitxEbeP+v7FnbBOGn2GnVQ0ErjRsiU5oJeu6klGt2gdIbsuFFlYjlhpO6IsjHa394ektFeuMBqFbIAiGeHkuvBRbxqeJUIjV+BcLWIpNrpgUXIlevl65kQKvA03ouaphkS4RndwcY+ue6VJW8b6p5EO1O8dXUic6ySxr0wAb91vry/+5dUybJUbXanTDIXmw0WtTFE0tP992pRWcFQdT4Bb6W+l/BYscPQh/djSn43GKLcZW2gL3IxVG6yFTi/vs/oKhP5PqqWwErLTneLhwSi0HFkla2SDRGSfHJJjckKqhBNN7skjeQoegufgJXgdlo4Fo54V8gPB2yfPrqCg</latexit>

¥ The predictions of the model are ! 23 = 45! , " l = ! 90!
<latexit sha1_base64="cqLwTQz/bNa5e6HOvMdRQHeFGeM="></latexit><latexit sha1_base64="cqLwTQz/bNa5e6HOvMdRQHeFGeM="></latexit><latexit sha1_base64="cqLwTQz/bNa5e6HOvMdRQHeFGeM="></latexit>

¥ The latest results from NuFit4.0:

[Esteban, Gonzalez-Garcia, Hernandez-
Cabezudo, Maltoni, Schwetz, 18Õ]

✓23/
<latexit sha1_base64="GefC7U5kLK6wXkTHSI7HaHe45Bo=">AAACGXicbVBNSwJRFH1jX2ZfVss2QxK0EBstqHZSm5YGmYKK3Hle9eGbecN7dwIZ/ButgvotraJtq35Ku54fi9QOXDicc784fiSFIc/7dlIrq2vrG+nNzNb2zu5edv/g0ahYc6xyJZWu+2BQihCrJEhiPdIIgS+x5g9ux37tCbURKnygYYStAHqh6AoOZKVmk/pI0E5K56OzdjbnFbwJ3GVSnJEcm6HSzv40O4rHAYbEJRjTKHoRtRLQJLjEUaYZG4yAD6CHDUtDCNC0ksnPI/fEKh23q7StkNyJ+ncigcCYYeDbzgCobxa9sfif14ipe9VKRBjFhCGfHurG0iXljgNwO0IjJzm0BLgW9leX90EDJxvT3JXxblJKmryvYYCU9+UAtIbhKGOzKi4ms0yqpcJ1wbu/yJVvZqGl2RE7ZqesyC5Zmd2xCqsyziL2zF7Zm/PivDsfzue0NeXMZg7ZHJyvX4PioYc=</latexit><latexit sha1_base64="GefC7U5kLK6wXkTHSI7HaHe45Bo=">AAACGXicbVBNSwJRFH1jX2ZfVss2QxK0EBstqHZSm5YGmYKK3Hle9eGbecN7dwIZ/ButgvotraJtq35Ku54fi9QOXDicc784fiSFIc/7dlIrq2vrG+nNzNb2zu5edv/g0ahYc6xyJZWu+2BQihCrJEhiPdIIgS+x5g9ux37tCbURKnygYYStAHqh6AoOZKVmk/pI0E5K56OzdjbnFbwJ3GVSnJEcm6HSzv40O4rHAYbEJRjTKHoRtRLQJLjEUaYZG4yAD6CHDUtDCNC0ksnPI/fEKh23q7StkNyJ+ncigcCYYeDbzgCobxa9sfif14ipe9VKRBjFhCGfHurG0iXljgNwO0IjJzm0BLgW9leX90EDJxvT3JXxblJKmryvYYCU9+UAtIbhKGOzKi4ms0yqpcJ1wbu/yJVvZqGl2RE7ZqesyC5Zmd2xCqsyziL2zF7Zm/PivDsfzue0NeXMZg7ZHJyvX4PioYc=</latexit><latexit sha1_base64="GefC7U5kLK6wXkTHSI7HaHe45Bo=">AAACGXicbVBNSwJRFH1jX2ZfVss2QxK0EBstqHZSm5YGmYKK3Hle9eGbecN7dwIZ/ButgvotraJtq35Ku54fi9QOXDicc784fiSFIc/7dlIrq2vrG+nNzNb2zu5edv/g0ahYc6xyJZWu+2BQihCrJEhiPdIIgS+x5g9ux37tCbURKnygYYStAHqh6AoOZKVmk/pI0E5K56OzdjbnFbwJ3GVSnJEcm6HSzv40O4rHAYbEJRjTKHoRtRLQJLjEUaYZG4yAD6CHDUtDCNC0ksnPI/fEKh23q7StkNyJ+ncigcCYYeDbzgCobxa9sfif14ipe9VKRBjFhCGfHurG0iXljgNwO0IjJzm0BLgW9leX90EDJxvT3JXxblJKmryvYYCU9+UAtIbhKGOzKi4ms0yqpcJ1wbu/yJVvZqGl2RE7ZqesyC5Zmd2xCqsyziL2zF7Zm/PivDsfzue0NeXMZg7ZHJyvX4PioYc=</latexit>

� = 49.6+1.0
�1.2

<latexit sha1_base64="k7VWRq1wUcpb09n4Gb8e7BUKJG8="></latexit><latexit sha1_base64="k7VWRq1wUcpb09n4Gb8e7BUKJG8="></latexit><latexit sha1_base64="k7VWRq1wUcpb09n4Gb8e7BUKJG8="></latexit>

�l/
<latexit sha1_base64="yect6dgk2XvUTsjDQMrgnqxhOuE=">AAACFnicbVC7TgJBFJ3FF+ILtbTZSEwsCC7GRO2INpaYiGAAyd3hAhNmdzYzd00I4SusTPRbrIytrZ9i5wBbCHiSSU7Oua85fiSFIc/7dlJLyyura+n1zMbm1vZOdnfv3qhYc6xwJZWu+WBQihArJEhiLdIIgS+x6vevx371CbURKryjQYTNALqh6AgOZKWHRhslwaM8aWVzXsGbwF0kxYTkWIJyK/vTaCseBxgSl2BMvehF1ByCJsEljjKN2GAEvA9drFsaQoCmOZwcPHKPrNJ2O0rbF5I7Uf92DCEwZhD4tjIA6pl5byz+59Vj6lw0hyKMYsKQTxd1YumScse/d9tCIyc5sAS4FvZWl/dAAyeb0cyW8WxSSpq8r6GPlPdlH7SGwShjsyrOJ7NIKqeFy4J3e5YrXSWhpdkBO2THrMjOWYndsDKrMM4C9sxe2Zvz4rw7H87ntDTlJD37bAbO1y9h96Br</latexit><latexit sha1_base64="yect6dgk2XvUTsjDQMrgnqxhOuE=">AAACFnicbVC7TgJBFJ3FF+ILtbTZSEwsCC7GRO2INpaYiGAAyd3hAhNmdzYzd00I4SusTPRbrIytrZ9i5wBbCHiSSU7Oua85fiSFIc/7dlJLyyura+n1zMbm1vZOdnfv3qhYc6xwJZWu+WBQihArJEhiLdIIgS+x6vevx371CbURKryjQYTNALqh6AgOZKWHRhslwaM8aWVzXsGbwF0kxYTkWIJyK/vTaCseBxgSl2BMvehF1ByCJsEljjKN2GAEvA9drFsaQoCmOZwcPHKPrNJ2O0rbF5I7Uf92DCEwZhD4tjIA6pl5byz+59Vj6lw0hyKMYsKQTxd1YumScse/d9tCIyc5sAS4FvZWl/dAAyeb0cyW8WxSSpq8r6GPlPdlH7SGwShjsyrOJ7NIKqeFy4J3e5YrXSWhpdkBO2THrMjOWYndsDKrMM4C9sxe2Zvz4rw7H87ntDTlJD37bAbO1y9h96Br</latexit><latexit sha1_base64="yect6dgk2XvUTsjDQMrgnqxhOuE=">AAACFnicbVC7TgJBFJ3FF+ILtbTZSEwsCC7GRO2INpaYiGAAyd3hAhNmdzYzd00I4SusTPRbrIytrZ9i5wBbCHiSSU7Oua85fiSFIc/7dlJLyyura+n1zMbm1vZOdnfv3qhYc6xwJZWu+WBQihArJEhiLdIIgS+x6vevx371CbURKryjQYTNALqh6AgOZKWHRhslwaM8aWVzXsGbwF0kxYTkWIJyK/vTaCseBxgSl2BMvehF1ByCJsEljjKN2GAEvA9drFsaQoCmOZwcPHKPrNJ2O0rbF5I7Uf92DCEwZhD4tjIA6pl5byz+59Vj6lw0hyKMYsKQTxd1YumScse/d9tCIyc5sAS4FvZWl/dAAyeb0cyW8WxSSpq8r6GPlPdlH7SGwShjsyrOJ7NIKqeFy4J3e5YrXSWhpdkBO2THrMjOWYndsDKrMM4C9sxe2Zvz4rw7H87ntDTlJD37bAbO1y9h96Br</latexit>

! = 215+40
" 29

<latexit sha1_base64="WwfL7teq7lbRJT1LOceoBxnVHDI=">AAACJXicbVDLSsNAFJ3Ud31VBTdugkUQrCUpiroQRDcuFYwt9MXNdKpDJ5kwcyOUmJ9xJei3uBLBld/hzknbha0euHA45744fiS4Rsf5tHJT0zOzc/ML+cWl5ZXVwtr6rZaxosyjUkhV80EzwUPmIUfBapFiEPiCVf3eReZXH5jSXIY32I9YM4C7kHc5BTRSu7DZalCu6GnFPWwlewdO2k72Kydpu1B0ys4A9l/ijkiRjHDVLnw3OpLGAQuRCtC67joRNhNQyKlgab4RaxYB7cEdqxsaQsB0Mxn8n9o7RunYXalMhWgP1N8TCQRa9wPfdAaA93rSy8T/vHqM3eNmwsMoRhbS4aFuLGyUdhaG3eGKURR9Q4Aqbn616T0ooGgiG7uS7UYphS75CnoMS77ogVLQT/MmK3cymb/Eq5RPys71QfHsfBTaPNki22SXuOSInJFLckU8QskjeSIv5NV6tt6sd+tj2JqzRjMbZAzW1w8QxKTD</latexit><latexit sha1_base64="WwfL7teq7lbRJT1LOceoBxnVHDI=">AAACJXicbVDLSsNAFJ3Ud31VBTdugkUQrCUpiroQRDcuFYwt9MXNdKpDJ5kwcyOUmJ9xJei3uBLBld/hzknbha0euHA45744fiS4Rsf5tHJT0zOzc/ML+cWl5ZXVwtr6rZaxosyjUkhV80EzwUPmIUfBapFiEPiCVf3eReZXH5jSXIY32I9YM4C7kHc5BTRSu7DZalCu6GnFPWwlewdO2k72Kydpu1B0ys4A9l/ijkiRjHDVLnw3OpLGAQuRCtC67joRNhNQyKlgab4RaxYB7cEdqxsaQsB0Mxn8n9o7RunYXalMhWgP1N8TCQRa9wPfdAaA93rSy8T/vHqM3eNmwsMoRhbS4aFuLGyUdhaG3eGKURR9Q4Aqbn616T0ooGgiG7uS7UYphS75CnoMS77ogVLQT/MmK3cymb/Eq5RPys71QfHsfBTaPNki22SXuOSInJFLckU8QskjeSIv5NV6tt6sd+tj2JqzRjMbZAzW1w8QxKTD</latexit><latexit sha1_base64="WwfL7teq7lbRJT1LOceoBxnVHDI=">AAACJXicbVDLSsNAFJ3Ud31VBTdugkUQrCUpiroQRDcuFYwt9MXNdKpDJ5kwcyOUmJ9xJei3uBLBld/hzknbha0euHA45744fiS4Rsf5tHJT0zOzc/ML+cWl5ZXVwtr6rZaxosyjUkhV80EzwUPmIUfBapFiEPiCVf3eReZXH5jSXIY32I9YM4C7kHc5BTRSu7DZalCu6GnFPWwlewdO2k72Kydpu1B0ys4A9l/ijkiRjHDVLnw3OpLGAQuRCtC67joRNhNQyKlgab4RaxYB7cEdqxsaQsB0Mxn8n9o7RunYXalMhWgP1N8TCQRa9wPfdAaA93rSy8T/vHqM3eNmwsMoRhbS4aFuLGyUdhaG3eGKURR9Q4Aqbn616T0ooGgiG7uS7UYphS75CnoMS77ogVLQT/MmK3cymb/Eq5RPys71QfHsfBTaPNki22SXuOSInJFLckU8QskjeSIv5NV6tt6sd+tj2JqzRjMbZAzW1w8QxKTD</latexit>

¥ The predictions of the model still lie inside the       region with  ! 2 = 5 .48
<latexit sha1_base64="VzIFri65ynRZQMYt4v8COktfRUY=">AAACGHicbVBNSwJBGJ61L7Mvq2OXJQk6yLKKkR0CoUtHg0xBN3l3nNXB2Z1l5t1AxJ/RKajf0im6duundGvUPaT2wMDD87xf8/ix4Bpd99vKrK1vbG5lt3M7u3v7B/nDowctE0VZg0ohVcsHzQSPWAM5CtaKFYPQF6zpD2+mfvOJKc1ldI+jmHkh9CMecApopHaHDvhj+frCqVS7+YLruDPYq6SUkgJJUe/mfzo9SZOQRUgFaN0uuTF6Y1DIqWCTXCfRLAY6hD5rGxpByLQ3np08sc+M0rMDqcyL0J6pfzvGEGo9Cn1TGQIO9LI3Ff/z2gkGVW/MozhBFtH5oiARNkp7+n+7xxWjKEaGAFXc3GrTASigaFJa2DKdjVIKXfQVDBkWfTEEpWA0yZmsSsvJrJJG2bly3LtKoVZNQ8uSE3JKzkmJXJIauSV10iCUSPJMXsmb9WK9Wx/W57w0Y6U9x2QB1tcvWJ+gQg==</latexit><latexit sha1_base64="VzIFri65ynRZQMYt4v8COktfRUY=">AAACGHicbVBNSwJBGJ61L7Mvq2OXJQk6yLKKkR0CoUtHg0xBN3l3nNXB2Z1l5t1AxJ/RKajf0im6duundGvUPaT2wMDD87xf8/ix4Bpd99vKrK1vbG5lt3M7u3v7B/nDowctE0VZg0ohVcsHzQSPWAM5CtaKFYPQF6zpD2+mfvOJKc1ldI+jmHkh9CMecApopHaHDvhj+frCqVS7+YLruDPYq6SUkgJJUe/mfzo9SZOQRUgFaN0uuTF6Y1DIqWCTXCfRLAY6hD5rGxpByLQ3np08sc+M0rMDqcyL0J6pfzvGEGo9Cn1TGQIO9LI3Ff/z2gkGVW/MozhBFtH5oiARNkp7+n+7xxWjKEaGAFXc3GrTASigaFJa2DKdjVIKXfQVDBkWfTEEpWA0yZmsSsvJrJJG2bly3LtKoVZNQ8uSE3JKzkmJXJIauSV10iCUSPJMXsmb9WK9Wx/W57w0Y6U9x2QB1tcvWJ+gQg==</latexit><latexit sha1_base64="VzIFri65ynRZQMYt4v8COktfRUY=">AAACGHicbVBNSwJBGJ61L7Mvq2OXJQk6yLKKkR0CoUtHg0xBN3l3nNXB2Z1l5t1AxJ/RKajf0im6duundGvUPaT2wMDD87xf8/ix4Bpd99vKrK1vbG5lt3M7u3v7B/nDowctE0VZg0ohVcsHzQSPWAM5CtaKFYPQF6zpD2+mfvOJKc1ldI+jmHkh9CMecApopHaHDvhj+frCqVS7+YLruDPYq6SUkgJJUe/mfzo9SZOQRUgFaN0uuTF6Y1DIqWCTXCfRLAY6hD5rGxpByLQ3np08sc+M0rMDqcyL0J6pfzvGEGo9Cn1TGQIO9LI3Ff/z2gkGVW/MozhBFtH5oiARNkp7+n+7xxWjKEaGAFXc3GrTASigaFJa2DKdjVIKXfQVDBkWfTEEpWA0yZmsSsvJrJJG2bly3LtKoVZNQ8uSE3JKzkmJXJIauSV10iCUSPJMXsmb9WK9Wx/W57w0Y6U9x2QB1tcvWJ+gQg==</latexit>

3�
<latexit sha1_base64="zeXk3BQPztA5LrfG5rjldP6eAss=">AAACFHicbVDLSgMxFM3UV62vqks3g0VwUcpUBeuu4MZlBccW2lLupJk2TDIZkjtCGfoRrgT9Flfi1r2f4s70sbCtBwKHc+4rJ0gEN+h5305ubX1jcyu/XdjZ3ds/KB4ePRqVasp8qoTSrQAMEzxmPnIUrJVoBjIQrBlEtxO/+cS04Sp+wFHCuhIGMQ85BbRS87Jj+EBCr1jyKt4U7iqpzkmJzNHoFX86fUVTyWKkAoxpV70Euxlo5FSwcaGTGpYAjWDA2pbGIJnpZtNzx+6ZVfpuqLR9MbpT9W9HBtKYkQxspQQcmmVvIv7ntVMMa92Mx0mKLKazRWEqXFTu5O9un2tGUYwsAaq5vdWlQ9BA0Sa0sGUyG5USphxoiBiWAxGB1jAaF2xW1eVkVol/UbmpePdXpXptHlqenJBTck6q5JrUyR1pEJ9QEpFn8krenBfn3flwPmelOWfec0wW4Hz9As/in44=</latexit><latexit sha1_base64="zeXk3BQPztA5LrfG5rjldP6eAss=">AAACFHicbVDLSgMxFM3UV62vqks3g0VwUcpUBeuu4MZlBccW2lLupJk2TDIZkjtCGfoRrgT9Flfi1r2f4s70sbCtBwKHc+4rJ0gEN+h5305ubX1jcyu/XdjZ3ds/KB4ePRqVasp8qoTSrQAMEzxmPnIUrJVoBjIQrBlEtxO/+cS04Sp+wFHCuhIGMQ85BbRS87Jj+EBCr1jyKt4U7iqpzkmJzNHoFX86fUVTyWKkAoxpV70Euxlo5FSwcaGTGpYAjWDA2pbGIJnpZtNzx+6ZVfpuqLR9MbpT9W9HBtKYkQxspQQcmmVvIv7ntVMMa92Mx0mKLKazRWEqXFTu5O9un2tGUYwsAaq5vdWlQ9BA0Sa0sGUyG5USphxoiBiWAxGB1jAaF2xW1eVkVol/UbmpePdXpXptHlqenJBTck6q5JrUyR1pEJ9QEpFn8krenBfn3flwPmelOWfec0wW4Hz9As/in44=</latexit><latexit sha1_base64="zeXk3BQPztA5LrfG5rjldP6eAss=">AAACFHicbVDLSgMxFM3UV62vqks3g0VwUcpUBeuu4MZlBccW2lLupJk2TDIZkjtCGfoRrgT9Flfi1r2f4s70sbCtBwKHc+4rJ0gEN+h5305ubX1jcyu/XdjZ3ds/KB4ePRqVasp8qoTSrQAMEzxmPnIUrJVoBjIQrBlEtxO/+cS04Sp+wFHCuhIGMQ85BbRS87Jj+EBCr1jyKt4U7iqpzkmJzNHoFX86fUVTyWKkAoxpV70Euxlo5FSwcaGTGpYAjWDA2pbGIJnpZtNzx+6ZVfpuqLR9MbpT9W9HBtKYkQxspQQcmmVvIv7ntVMMa92Mx0mKLKazRWEqXFTu5O9un2tGUYwsAaq5vdWlQ9BA0Sa0sGUyG5USphxoiBiWAxGB1jAaF2xW1eVkVol/UbmpePdXpXptHlqenJBTck6q5JrUyR1pEJ9QEpFn8krenBfn3flwPmelOWfec0wW4Hz9As/in44=</latexit>

¥ Furthermore, we predict  normal mass ordering and a massless neutrino m1 = 0
<latexit sha1_base64="RPzSD/vobWyyNZ1nL5TjbQ2XeOU=">AAACEnicbVDLSgMxFM3UV62vqks3g0VwUcqMCOpCKLpxWcGxhbaUO2mmDZNJhuSOUEq/wZWg3+JK3PoDfoo708fCth4IHM65r5wwFdyg5307uZXVtfWN/GZha3tnd6+4f/BoVKYpC6gSSjdCMExwyQLkKFgj1QySULB6GN+O/foT04Yr+YCDlLUT6EkecQpopSDp+Ndep1jyKt4E7jLxZ6REZqh1ij+trqJZwiRSAcY0fS/F9hA0cirYqNDKDEuBxtBjTUslJMy0h5NjR+6JVbpupLR9Et2J+rdjCIkxgyS0lQlg3yx6Y/E/r5lhdNkecplmyCSdLooy4aJyxz93u1wzimJgCVDN7a0u7YMGijafuS3j2aiUMOVQQ8ywHIoYtIbBqGCz8heTWSbBWeWq4t2fl6o3s9Dy5Igck1PikwtSJXekRgJCCSfP5JW8OS/Ou/PhfE5Lc86s55DMwfn6BYD0nk4=</latexit><latexit sha1_base64="RPzSD/vobWyyNZ1nL5TjbQ2XeOU=">AAACEnicbVDLSgMxFM3UV62vqks3g0VwUcqMCOpCKLpxWcGxhbaUO2mmDZNJhuSOUEq/wZWg3+JK3PoDfoo708fCth4IHM65r5wwFdyg5307uZXVtfWN/GZha3tnd6+4f/BoVKYpC6gSSjdCMExwyQLkKFgj1QySULB6GN+O/foT04Yr+YCDlLUT6EkecQpopSDp+Ndep1jyKt4E7jLxZ6REZqh1ij+trqJZwiRSAcY0fS/F9hA0cirYqNDKDEuBxtBjTUslJMy0h5NjR+6JVbpupLR9Et2J+rdjCIkxgyS0lQlg3yx6Y/E/r5lhdNkecplmyCSdLooy4aJyxz93u1wzimJgCVDN7a0u7YMGijafuS3j2aiUMOVQQ8ywHIoYtIbBqGCz8heTWSbBWeWq4t2fl6o3s9Dy5Igck1PikwtSJXekRgJCCSfP5JW8OS/Ou/PhfE5Lc86s55DMwfn6BYD0nk4=</latexit><latexit sha1_base64="RPzSD/vobWyyNZ1nL5TjbQ2XeOU=">AAACEnicbVDLSgMxFM3UV62vqks3g0VwUcqMCOpCKLpxWcGxhbaUO2mmDZNJhuSOUEq/wZWg3+JK3PoDfoo708fCth4IHM65r5wwFdyg5307uZXVtfWN/GZha3tnd6+4f/BoVKYpC6gSSjdCMExwyQLkKFgj1QySULB6GN+O/foT04Yr+YCDlLUT6EkecQpopSDp+Ndep1jyKt4E7jLxZ6REZqh1ij+trqJZwiRSAcY0fS/F9hA0cirYqNDKDEuBxtBjTUslJMy0h5NjR+6JVbpupLR9Et2J+rdjCIkxgyS0lQlg3yx6Y/E/r5lhdNkecplmyCSdLooy4aJyxz93u1wzimJgCVDN7a0u7YMGijafuS3j2aiUMOVQQ8ywHIoYtIbBqGCz8heTWSbBWeWq4t2fl6o3s9Dy5Igck1PikwtSJXekRgJCCSfP5JW8OS/Ou/PhfE5Lc86s55DMwfn6BYD0nk4=</latexit>

since we only added 2 RH neutrinos. 



!24

Conclusions
¥ Modular symmetries,  arising from compactiÞcation of extra dimensions 

can give rise to ßavour symmetries . 

¥ The Yukawa couplings  become modular forms  giving rise to mass matrix 
structure, which implies reducing the number of ßavon Þelds in model 
building. 

¥ Example of a              GUT in  6d, where the two extra dimensions are 
compactiÞed on a               orbifold, with the modulus Þxed 

¥ The Þelds on the branes respect an enhanced symmetry                 which 
leads to an effective           reßection symmetry  at low energies, 
predicting  maximal atmospheric mixing angle and maximal CP phase . 

T2/
<latexit sha1_base64="V/l2evHGuzF0AbBZcikt73zgcZc=">AAACEXicbVDLSsNAFJ3UV62vqks3wSK4KDUpgnVXcOOyQmsLbSg300k7ZJIJMzdCCf0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceNBNdoWd9GYWNza3unuFva2z84PCofnzxqGSvKOlQKqXouaCZ4yDrIUbBepBgErmBd17/L/O4TU5rLsI3TiDkBjEPucQqYSe1h/WpYrlg1aw5zndg5qZAcrWH5ZzCSNA5YiFSA1n3bitBJQCGngs1Kg1izCKgPY9ZPaQgB004yv3VmXqTKyPSkSl+I5lz925FAoPU0cNPKAHCiV71M/M/rx+g1nISHUYwspItFXixMlGb2cXPEFaMopikBqnh6q0knoIBiGs/Slmw2Sil01VXgM6y6wgelYDorpVnZq8msk069dluzHq4rzUYeWpGckXNySWxyQ5rknrRIh1AyIc/klbwZL8a78WF8LkoLRt5zSpZgfP0CyDOd5A==</latexit><latexit sha1_base64="V/l2evHGuzF0AbBZcikt73zgcZc=">AAACEXicbVDLSsNAFJ3UV62vqks3wSK4KDUpgnVXcOOyQmsLbSg300k7ZJIJMzdCCf0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceNBNdoWd9GYWNza3unuFva2z84PCofnzxqGSvKOlQKqXouaCZ4yDrIUbBepBgErmBd17/L/O4TU5rLsI3TiDkBjEPucQqYSe1h/WpYrlg1aw5zndg5qZAcrWH5ZzCSNA5YiFSA1n3bitBJQCGngs1Kg1izCKgPY9ZPaQgB004yv3VmXqTKyPSkSl+I5lz925FAoPU0cNPKAHCiV71M/M/rx+g1nISHUYwspItFXixMlGb2cXPEFaMopikBqnh6q0knoIBiGs/Slmw2Sil01VXgM6y6wgelYDorpVnZq8msk069dluzHq4rzUYeWpGckXNySWxyQ5rknrRIh1AyIc/klbwZL8a78WF8LkoLRt5zSpZgfP0CyDOd5A==</latexit><latexit sha1_base64="V/l2evHGuzF0AbBZcikt73zgcZc=">AAACEXicbVDLSsNAFJ3UV62vqks3wSK4KDUpgnVXcOOyQmsLbSg300k7ZJIJMzdCCf0FV4J+iytx6xf4Ke5M2ixs64GBwzn3NceNBNdoWd9GYWNza3unuFva2z84PCofnzxqGSvKOlQKqXouaCZ4yDrIUbBepBgErmBd17/L/O4TU5rLsI3TiDkBjEPucQqYSe1h/WpYrlg1aw5zndg5qZAcrWH5ZzCSNA5YiFSA1n3bitBJQCGngs1Kg1izCKgPY9ZPaQgB004yv3VmXqTKyPSkSl+I5lz925FAoPU0cNPKAHCiV71M/M/rx+g1nISHUYwspItFXixMlGb2cXPEFaMopikBqnh6q0knoIBiGs/Slmw2Sil01VXgM6y6wgelYDorpVnZq8msk069dluzHq4rzUYeWpGckXNySWxyQ5rknrRIh1AyIc/klbwZL8a78WF8LkoLRt5zSpZgfP0CyDOd5A==</latexit>

Z2
<latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit><latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit><latexit sha1_base64="TatEE0y7sEAu4/BD6g4009PeqS0=">AAACGXicbVDPSwJBGJ3tp9kvq2OXJQk6iKwSZDehS0eDNiUV+WYcdXB2Z5n5NlgW/41OQf0tnaJrp/6Ubs2qh9QeDDze+775Ho9GUhj0vG9nbX1jc2s7t5Pf3ds/OCwcHT8YFWvGfaak0i0KhksRch8FSt6KNIeASt6k45vMbz5xbYQK7zGJeDeAYSgGggFaqdMJAEeUpo+TXrVXKHplbwp3lVTmpEjmaPQKP52+YnHAQ2QSjGlXvAi7KWgUTPJJvhMbHgEbw5C3LQ0h4KabTjNP3HOr9N2B0vaF6E7VvxspBMYkAbWTWUaz7GXif147xkGtm4owipGHbHZoEEsXlZsV4PaF5gxlYgkwLWxWl41AA0Nb08KV7G9USpoS1TDmWKJyDFpDMsnbrirLzawSv1q+Lnt3l8V6bV5ajpySM3JBKuSK1MktaRCfMBKRZ/JK3pwX5935cD5no2vOfOeELMD5+gUGsaHN</latexit>

SU (5)
<latexit sha1_base64="gqv+25LXia2KRMN69prnVEX096k=">AAACEnicbVDLSsNAFJ34rPVVdekmWIQKpSSiWHcFNy4rGltoS7mZTtshk0yYuRFC6De4EvRbXIlbf8BPcef0sbCtBwYO59zXHD8WXKPjfFsrq2vrG5u5rfz2zu7efuHg8FHLRFHmUSmkavqgmeAR85CjYM1YMQh9wRp+cDP2G09MaS6jB0xj1glhEPE+p4BG8u690uVZt1B0Ks4E9jJxZ6RIZqh3Cz/tnqRJyCKkArRuuU6MnQwUcirYKN9ONIuBBjBgLUMjCJnuZJNjR/apUXp2XyrzIrQn6t+ODEKt09A3lSHgUC96Y/E/r5Vgv9rJeBQnyCI6XdRPhI3SHv/c7nHFKIrUEKCKm1ttOgQFFE0+c1vGs1FKocu+goBh2RcBKAXpKG+ycheTWSbeeeW64txdFGvVWWg5ckxOSIm45IrUyC2pE49QwskzeSVv1ov1bn1Yn9PSFWvWc0TmYH39Ahl6ngg=</latexit><latexit sha1_base64="gqv+25LXia2KRMN69prnVEX096k=">AAACEnicbVDLSsNAFJ34rPVVdekmWIQKpSSiWHcFNy4rGltoS7mZTtshk0yYuRFC6De4EvRbXIlbf8BPcef0sbCtBwYO59zXHD8WXKPjfFsrq2vrG5u5rfz2zu7efuHg8FHLRFHmUSmkavqgmeAR85CjYM1YMQh9wRp+cDP2G09MaS6jB0xj1glhEPE+p4BG8u690uVZt1B0Ks4E9jJxZ6RIZqh3Cz/tnqRJyCKkArRuuU6MnQwUcirYKN9ONIuBBjBgLUMjCJnuZJNjR/apUXp2XyrzIrQn6t+ODEKt09A3lSHgUC96Y/E/r5Vgv9rJeBQnyCI6XdRPhI3SHv/c7nHFKIrUEKCKm1ttOgQFFE0+c1vGs1FKocu+goBh2RcBKAXpKG+ycheTWSbeeeW64txdFGvVWWg5ckxOSIm45IrUyC2pE49QwskzeSVv1ov1bn1Yn9PSFWvWc0TmYH39Ahl6ngg=</latexit><latexit sha1_base64="gqv+25LXia2KRMN69prnVEX096k=">AAACEnicbVDLSsNAFJ34rPVVdekmWIQKpSSiWHcFNy4rGltoS7mZTtshk0yYuRFC6De4EvRbXIlbf8BPcef0sbCtBwYO59zXHD8WXKPjfFsrq2vrG5u5rfz2zu7efuHg8FHLRFHmUSmkavqgmeAR85CjYM1YMQh9wRp+cDP2G09MaS6jB0xj1glhEPE+p4BG8u690uVZt1B0Ks4E9jJxZ6RIZqh3Cz/tnqRJyCKkArRuuU6MnQwUcirYKN9ONIuBBjBgLUMjCJnuZJNjR/apUXp2XyrzIrQn6t+ODEKt09A3lSHgUC96Y/E/r5Vgv9rJeBQnyCI6XdRPhI3SHv/c7nHFKIrUEKCKm1ttOgQFFE0+c1vGs1FKocu+goBh2RcBKAXpKG+ycheTWSbeeeW64txdFGvVWWg5ckxOSIm45IrUyC2pE49QwskzeSVv1ov1bn1Yn9PSFWvWc0TmYH39Ahl6ngg=</latexit>

A4 ! Z2
<latexit sha1_base64="UsPa5U3Y1OC5JiYY2WR+kxw/CQY=">AAACJ3icbVDLSgMxFM34rPU16kZwEyyCCynTIqi7ihuXFayKbRlu0rQNzUyG5I5Qhvo1rgT9FleiSz/DnZm2C18HAodzH+fmsERJi0Hw7s3Mzs0vLBaWissrq2vr/sbmldWp4aLBtdLmhoEVSsaigRKVuEmMgIgpcc0GZ3n9+k4YK3V8icNEtCPoxbIrOaCTQn/7NDykLYUyEpa2IsA+Y9ntKKyGfikoB2PQv6QyJSUyRT30P1sdzdNIxMgVWNusBAm2MzAouRKjYiu1IgE+gJ5oOhqDc2xn4x+M6J5TOrSrjXsx0rH6fSKDyNphxFxnfqP9XcvF/2rNFLvH7UzGSYoi5hOjbqooaprHQTvSCI5q6AhwI92tlPfBAEcX2g+XfDdqrewBMzAQeMDUAIyB4ajosqr8TuYvaVTLJ+Xg4rBUO56GViA7ZJfskwo5IjVyTuqkQTi5Jw/kiTx7j96L9+q9TVpnvOnMFvkB7+MLLAOmdA==</latexit><latexit sha1_base64="UsPa5U3Y1OC5JiYY2WR+kxw/CQY=">AAACJ3icbVDLSgMxFM34rPU16kZwEyyCCynTIqi7ihuXFayKbRlu0rQNzUyG5I5Qhvo1rgT9FleiSz/DnZm2C18HAodzH+fmsERJi0Hw7s3Mzs0vLBaWissrq2vr/sbmldWp4aLBtdLmhoEVSsaigRKVuEmMgIgpcc0GZ3n9+k4YK3V8icNEtCPoxbIrOaCTQn/7NDykLYUyEpa2IsA+Y9ntKKyGfikoB2PQv6QyJSUyRT30P1sdzdNIxMgVWNusBAm2MzAouRKjYiu1IgE+gJ5oOhqDc2xn4x+M6J5TOrSrjXsx0rH6fSKDyNphxFxnfqP9XcvF/2rNFLvH7UzGSYoi5hOjbqooaprHQTvSCI5q6AhwI92tlPfBAEcX2g+XfDdqrewBMzAQeMDUAIyB4ajosqr8TuYvaVTLJ+Xg4rBUO56GViA7ZJfskwo5IjVyTuqkQTi5Jw/kiTx7j96L9+q9TVpnvOnMFvkB7+MLLAOmdA==</latexit><latexit sha1_base64="UsPa5U3Y1OC5JiYY2WR+kxw/CQY=">AAACJ3icbVDLSgMxFM34rPU16kZwEyyCCynTIqi7ihuXFayKbRlu0rQNzUyG5I5Qhvo1rgT9FleiSz/DnZm2C18HAodzH+fmsERJi0Hw7s3Mzs0vLBaWissrq2vr/sbmldWp4aLBtdLmhoEVSsaigRKVuEmMgIgpcc0GZ3n9+k4YK3V8icNEtCPoxbIrOaCTQn/7NDykLYUyEpa2IsA+Y9ntKKyGfikoB2PQv6QyJSUyRT30P1sdzdNIxMgVWNusBAm2MzAouRKjYiu1IgE+gJ5oOhqDc2xn4x+M6J5TOrSrjXsx0rH6fSKDyNphxFxnfqP9XcvF/2rNFLvH7UzGSYoi5hOjbqooaprHQTvSCI5q6AhwI92tlPfBAEcX2g+XfDdqrewBMzAQeMDUAIyB4ajosqr8TuYvaVTLJ+Xg4rBUO56GViA7ZJfskwo5IjVyTuqkQTi5Jw/kiTx7j96L9+q9TVpnvOnMFvkB7+MLLAOmdA==</latexit>

µ ! !
<latexit sha1_base64="9Do8mBFkSXrYQIvEMDoit19nuJk=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4qCURwboruHFZwdpCW8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dlts7CtBwYO59zXHC8WXKPjfFuFtfWNza3idmlnd2//oHx49KhloihrUSmk6nigmeARayFHwTqxYhB6grW94Hbqt5+Y0lxGD5jGrB/CKOI+p4BG6vTC5KKHkAzKFafmzGCvEjcnFZKjOSj/9IaSJiGLkArQuus6MfYzUMipYJNSL9EsBhrAiHUNjSBkup/N7p3YZ0YZ2r5U5kVoz9S/HRmEWqehZypDwLFe9qbif143Qb/ez3gUJ8giOl/kJ8JGaU8/bw+5YhRFaghQxc2tNh2DAoomooUt09kopdBVT0HAsOqJAJSCdFIyWbnLyayS1mXtpubcX1Ua9Ty0Ijkhp+ScuOSaNMgdaZIWoUSQZ/JK3qwX6936sD7npQUr7zkmC7C+fgG0PaAJ</latexit><latexit sha1_base64="9Do8mBFkSXrYQIvEMDoit19nuJk=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4qCURwboruHFZwdpCW8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dlts7CtBwYO59zXHC8WXKPjfFuFtfWNza3idmlnd2//oHx49KhloihrUSmk6nigmeARayFHwTqxYhB6grW94Hbqt5+Y0lxGD5jGrB/CKOI+p4BG6vTC5KKHkAzKFafmzGCvEjcnFZKjOSj/9IaSJiGLkArQuus6MfYzUMipYJNSL9EsBhrAiHUNjSBkup/N7p3YZ0YZ2r5U5kVoz9S/HRmEWqehZypDwLFe9qbif143Qb/ez3gUJ8giOl/kJ8JGaU8/bw+5YhRFaghQxc2tNh2DAoomooUt09kopdBVT0HAsOqJAJSCdFIyWbnLyayS1mXtpubcX1Ua9Ty0Ijkhp+ScuOSaNMgdaZIWoUSQZ/JK3qwX6936sD7npQUr7zkmC7C+fgG0PaAJ</latexit><latexit sha1_base64="9Do8mBFkSXrYQIvEMDoit19nuJk=">AAACFXicbVDLSsNAFJ3UV62vqks3wSK4qCURwboruHFZwdpCW8rNdNIOmWTCzI0QQn/ClaDf4krcuvZT3Dlts7CtBwYO59zXHC8WXKPjfFuFtfWNza3idmlnd2//oHx49KhloihrUSmk6nigmeARayFHwTqxYhB6grW94Hbqt5+Y0lxGD5jGrB/CKOI+p4BG6vTC5KKHkAzKFafmzGCvEjcnFZKjOSj/9IaSJiGLkArQuus6MfYzUMipYJNSL9EsBhrAiHUNjSBkup/N7p3YZ0YZ2r5U5kVoz9S/HRmEWqehZypDwLFe9qbif143Qb/ez3gUJ8giOl/kJ8JGaU8/bw+5YhRFaghQxc2tNh2DAoomooUt09kopdBVT0HAsOqJAJSCdFIyWbnLyayS1mXtpubcX1Ua9Ty0Ijkhp+ScuOSaNMgdaZIWoUSQZ/JK3qwX6936sD7npQUr7zkmC7C+fgG0PaAJ</latexit>
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! = " = ei 2!
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<latexit sha1_base64="cwUZlL2bmAIi/aHl0KGqz68KdXY="></latexit><latexit sha1_base64="cwUZlL2bmAIi/aHl0KGqz68KdXY="></latexit><latexit sha1_base64="cwUZlL2bmAIi/aHl0KGqz68KdXY="></latexit>


