
Diciembre 1 2022, Villa de Leyva.

Five texture zeros in the lepton sector
Luis Muñoz, Alejandro Rico, José Muñoz, 
Alex Tapia, David Vanegas, Richard Benavides

1

arXiv:2207.04072



Outline

2

•Motivation. 

•Forms with five texture zeros. 

•Analysis with-out experiments. 

•Analysis with DUNE experiment. 

•Conclussions. 



The Standard Model (SM) of the strong and electroweak interactions has been 
successful explaining most of the high energy physics observations. However, several 
unanswered questions remain. Experimentally, neutrino oscillations provide the first 
evidence the SM is incomplete since neutrinos were assumed to be massless in the first 
version of the electroweak theory. Assuming only Dirac neutrinos, the masses of the 
neutral leptons can be obtained in the same way as the ones for the charged leptons in 
the SM.


Motivation 
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The model considered here adds three Right Handed Neutrinos (SMRHN) to the field 
content of the SM.
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The model considered here adds three Right Handed Neutrinos (SMRHN) to the field 
content of the SM.


The Dirac Lagrangian mass term for the lepton sector is given by


There are 36 mathematical parameters and in the lepton sector there are 8 constraints: the 
three charged lepton masses, the three mixing angles, the two mass squared differences, 
plus an unknown Dirac CP-phase, assuming only Dirac neutrinos.


<latexit sha1_base64="FHNnnH+Y3VUIcT2xjsH8FL+jDes="></latexit>

�L = ⌫̄LMn⌫R + l̄LMllR + h.c.
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The model considered here adds three Right Handed Neutrinos (SMRHN) to the field 
content of the SM.


The Dirac Lagrangian mass term for the lepton sector is given by


The weak current Lagrangian in the interaction basis is

There are 36 mathematical parameters and in the lepton sector there are 8 constraints: the 
three charged lepton masses, the three mixing angles, the two mass squared differences, 
plus an unknown Dirac CP-phase, assuming only Dirac neutrinos.


<latexit sha1_base64="FHNnnH+Y3VUIcT2xjsH8FL+jDes="></latexit>

�L = ⌫̄LMn⌫R + l̄LMllR + h.c.
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  where,                                  called Pontecorvo-Maki-Nakagawa-Sakata matrix (PMNS).
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                                           Polar theorem: C = H U


   WBT:


where,                                  called Pontecorvo-Maki-Nakagawa-Sakata matrix (PMNS).


We consider as reference the RRR-forms for the quark sector applied to the lepton sector, 
they have in total five texture zeros.
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Factoring phases:                       such that the matrix           now  is real.

 


The phase matrix is defined as a general diagonal matrix of the form    


where                     ,  are thus function of the       and        phases. 
<latexit sha1_base64="MXoVitl+qi4PUbA8r84ftpOgJX0=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpphFMXJGWhbokunGJiSAJNOR2uKUTpj+ZmZqQhofQlVF3vo4v4Ns4YBcKntU395xJ7rl+KrjSjvNlldbWNza3ytuVnd29/YPq4VFXJZlk1GGJSGTPR0WCx9TRXAvqpZIw8gU9+JObuf/wSFLxJL7X05S8CMcxDzhDbUa9+gBFGmJ9WK05DWchexXcAmpQqD2sfg5GCcsiijUTqFTfdVLt5Sg1Z4JmlUGmKEU2wTH1DcYYkfLyxb4z+yxIpK1Dshfv39kcI6WmkW8yEepQLXvz4X9eP9PBlZfzOM00xcxEjBdkwtaJPa9tj7gkpsXUADLJzZY2C1Ei0+Y4FVPfXS67Ct1mw71ouHfNWuu6OEQZTuAUzsGFS2jBLbShAwwEPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMu7o0N</latexit>↵

<latexit sha1_base64="25cBzfxAoeHzeyLSoaXvVH91oc8=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mQgmrsgMC3VJdOMSE3kkMCE9TQ209DzSXWNCJvyDroy683v8Af/GBmeh4F2drns7qVt+IoUmx/myCmvrG5tbxe3Szu7e/kH58Kit41RxbPFYxqrrM41SRNgiQRK7iUIW+hI7/uRm7nceUWkRR/c0TdAL2SgSgeCMzKhT7ftIrDooV5yas5C9Cm4OFcjVHJQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmpn2pMGJ+wEfYMRixE7WWLdWf2WRArm8ZoL96/sxkLtZ6GvsmEjMZ62ZsP//N6KQVXXiaiJCWMuIkYL0ilTbE9b20PhUJOcmqAcSXMljYfM8U4mduUTH13uewqtOs196Lm3tUrjev8EEU4gVM4BxcuoQG30IQWcJjAM7zBu/VgPVkv1utPtGDlf47hj6yPb2kzjJk=</latexit>

�

<latexit sha1_base64="hG7io906qdgSAfRozQmwygzu6Zg=">AAACBnicbZDLSgMxFIYzXmu9VV26CbZCBSmTLtRlURcuK9gLtGPJpKed0MyFJCOUYfb6MroSdecD+AK+jWkdUFvP6sv5/8D5fzcSXGnb/rQWFpeWV1Zza/n1jc2t7cLOblOFsWTQYKEIZdulCgQPoKG5FtCOJFDfFdByRxcTvXUHUvEwuNHjCByfDgM+4Ixqs+oVihiXLjkdlskx3Ca8G3m8R9IfrqZHJeOyK/Z08DyQDIoom3qv8NHthyz2IdBMUKU6xI60k1CpOROQ5ruxgoiyER1Cx2BAfVBOMg2T4sNBKLH2AE/fv70J9ZUa+67x+FR7alabLP/TOrEenDkJD6JYQ8CMxWiDWGAd4kknuM8lMC3GBiiT3FyJmUclZdo0lzfxyWzYeWhWK+SkQq6rxdp5VkQO7aMDVEYEnaIaukJ11EAMPaAn9IrerHvr0Xq2Xr6tC1b2Zw/9Gev9C2b+lxw=</latexit>

Diag(1, ei�1 , ei�2)



11

Factoring phases:                       such that the matrix              is real.

 


The phase matrix is defined as a general diagonal matrix of the form    


where                     ,  are thus function of the       and        phases. 
<latexit sha1_base64="MXoVitl+qi4PUbA8r84ftpOgJX0=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpphFMXJGWhbokunGJiSAJNOR2uKUTpj+ZmZqQhofQlVF3vo4v4Ns4YBcKntU395xJ7rl+KrjSjvNlldbWNza3ytuVnd29/YPq4VFXJZlk1GGJSGTPR0WCx9TRXAvqpZIw8gU9+JObuf/wSFLxJL7X05S8CMcxDzhDbUa9+gBFGmJ9WK05DWchexXcAmpQqD2sfg5GCcsiijUTqFTfdVLt5Sg1Z4JmlUGmKEU2wTH1DcYYkfLyxb4z+yxIpK1Dshfv39kcI6WmkW8yEepQLXvz4X9eP9PBlZfzOM00xcxEjBdkwtaJPa9tj7gkpsXUADLJzZY2C1Ei0+Y4FVPfXS67Ct1mw71ouHfNWuu6OEQZTuAUzsGFS2jBLbShAwwEPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMu7o0N</latexit>↵

<latexit sha1_base64="25cBzfxAoeHzeyLSoaXvVH91oc8=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mQgmrsgMC3VJdOMSE3kkMCE9TQ209DzSXWNCJvyDroy683v8Af/GBmeh4F2drns7qVt+IoUmx/myCmvrG5tbxe3Szu7e/kH58Kit41RxbPFYxqrrM41SRNgiQRK7iUIW+hI7/uRm7nceUWkRR/c0TdAL2SgSgeCMzKhT7ftIrDooV5yas5C9Cm4OFcjVHJQ/+8OYpyFGxCXTuuc6CXkZUyS4xFmpn2pMGJ+wEfYMRixE7WWLdWf2WRArm8ZoL96/sxkLtZ6GvsmEjMZ62ZsP//N6KQVXXiaiJCWMuIkYL0ilTbE9b20PhUJOcmqAcSXMljYfM8U4mduUTH13uewqtOs196Lm3tUrjev8EEU4gVM4BxcuoQG30IQWcJjAM7zBu/VgPVkv1utPtGDlf47hj6yPb2kzjJk=</latexit>

�

With this procedure, the real mass matrices are diagonalized by orthogonal rotation matrices.  

<latexit sha1_base64="4EsVqD5JBzZ9HHLTVVeaIUa/Kks="></latexit>

M 0
n =

0

@
0 0 |bn|
0 cn |dn|

|bn| |dn| an

1

A .

<latexit sha1_base64="u6MBe1wEgZc2qz3r4YxsC0SKSoo="></latexit>

Det{Mdiag
(n,l)} = Det{M(n,l)},

Tr{Mdiag
(n,l)} = Tr{M(n,l)},

Tr{[Mdiag
(n,l)]

2} = Tr{[M(n,l)]
2},

<latexit sha1_base64="hG7io906qdgSAfRozQmwygzu6Zg=">AAACBnicbZDLSgMxFIYzXmu9VV26CbZCBSmTLtRlURcuK9gLtGPJpKed0MyFJCOUYfb6MroSdecD+AK+jWkdUFvP6sv5/8D5fzcSXGnb/rQWFpeWV1Zza/n1jc2t7cLOblOFsWTQYKEIZdulCgQPoKG5FtCOJFDfFdByRxcTvXUHUvEwuNHjCByfDgM+4Ixqs+oVihiXLjkdlskx3Ca8G3m8R9IfrqZHJeOyK/Z08DyQDIoom3qv8NHthyz2IdBMUKU6xI60k1CpOROQ5ruxgoiyER1Cx2BAfVBOMg2T4sNBKLH2AE/fv70J9ZUa+67x+FR7alabLP/TOrEenDkJD6JYQ8CMxWiDWGAd4kknuM8lMC3GBiiT3FyJmUclZdo0lzfxyWzYeWhWK+SkQq6rxdp5VkQO7aMDVEYEnaIaukJ11EAMPaAn9IrerHvr0Xq2Xr6tC1b2Zw/9Gev9C2b+lxw=</latexit>

Diag(1, ei�1 , ei�2)

<latexit sha1_base64="ceHdVZH+0Msb7mB4JAdSgd00H7w=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NVUIglqVDdCEVduBEUrAptDZPpbTt0JgkzE6GEPIm+jK5E3bnybZzWLNR6V9/ccwbuOUHMmdKu+2kVpqZnZueK86WFxaXlFXt17VpFiaTQoBGP5G1AFHAWQkMzzeE2lkBEwOEmGJyM9Jt7kIpF4ZUextAWpBeyLqNEm5Vv1zDeOr9LO4z0Mj8NHZ4dnRreEX7qOZA5ewaqTkskmWNo32lpkmS7W75ddivuePAkeDmUUT4Xvv3e6kQ0ERBqyolSTc+NdTslUjPKISu1EgUxoQPSg6bBkAhQ7XScL8Pb3Uhi3Qc8fv/0pkQoNRSB8Qii++qvNlr+pzUT3T1spyyMEw0hNRajdROOdYRHNeEOk0A1HxogVDJzJaZ9IgnVpsySie/9DTsJ19WKV6t4l9Vy/Tgvoog20CbaQR46QHV0hi5QA1H0iJ7RG3q3Hqwn68V6/bYWrPzPOvo11scXkP6etA==</latexit>

Mdiag
n,l = Diag(m1,e,�m2,µ,m3,⌧ )With
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The lepton mixing matrix can be written as:
<latexit sha1_base64="IB9bKJ8yyYwT8nsRBktrKMjeHys=">AAACGXicbVDNSsNAGNzU//hX9ehlsQgiUhIP6kUQvQheammt0MSw2X5tl242cXcjlNAn0ZfRk2hvnnwbt7GH2jqn2ZlZ+GbChDOlHefbKszNLywuLa/Yq2vrG5vFre07FaeSQp3GPJb3IVHAmYC6ZprDfSKBRCGHRti7GvmNJ5CKxaKm+wn4EekI1maUaCMFxRMvhA4TGTymuXI4sG/OqwHHXqXLcDUQD7UjjLHtgWhNhIJiySk7OfAsccekhMaoBMWh14ppGoHQlBOlmq6TaD8jUjPKYWB7qYKE0B7pQNNQQSJQfpb3G+D9diyx7gLO35PZjERK9aPQZCKiu2raG4n/ec1Ut8/8jIkk1SCoiRivnXKsYzyaCbeYBKp53xBCJTNXYtolklBtxrRNfXe67Cy5Oy67J2X39rh0cTkeYhntoj10gFx0ii7QNaqgOqLoBb2hTzS0nq1X6936+I0WrPGfHfQH1tcPbHyfNw==</latexit>

K = Rl�R
T
n ,

The three mixing angles now are

As a function of the masses of the particles and two phases: 
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The lepton mixing matrix can be written as:
<latexit sha1_base64="IB9bKJ8yyYwT8nsRBktrKMjeHys=">AAACGXicbVDNSsNAGNzU//hX9ehlsQgiUhIP6kUQvQheammt0MSw2X5tl242cXcjlNAn0ZfRk2hvnnwbt7GH2jqn2ZlZ+GbChDOlHefbKszNLywuLa/Yq2vrG5vFre07FaeSQp3GPJb3IVHAmYC6ZprDfSKBRCGHRti7GvmNJ5CKxaKm+wn4EekI1maUaCMFxRMvhA4TGTymuXI4sG/OqwHHXqXLcDUQD7UjjLHtgWhNhIJiySk7OfAsccekhMaoBMWh14ppGoHQlBOlmq6TaD8jUjPKYWB7qYKE0B7pQNNQQSJQfpb3G+D9diyx7gLO35PZjERK9aPQZCKiu2raG4n/ec1Ut8/8jIkk1SCoiRivnXKsYzyaCbeYBKp53xBCJTNXYtolklBtxrRNfXe67Cy5Oy67J2X39rh0cTkeYhntoj10gFx0ii7QNaqgOqLoBb2hTzS0nq1X6936+I0WrPGfHfQH1tcPbHyfNw==</latexit>

K = Rl�R
T
n ,

The three mixing angles now are

<latexit sha1_base64="pbDoE3wqh0pMwRY9juPJhSlAJtE="></latexit>

tan ✓12 = |Ke,2|/|Ke,1|,
sin ✓13 = |Ke,3|,
tan ✓23 = |Kµ,3|/|K⌧,3|,

As a function of the masses of the particles and two phases: 

Standard parametrization, PDG. 
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The lepton mixing matrix can be written as:
<latexit sha1_base64="IB9bKJ8yyYwT8nsRBktrKMjeHys=">AAACGXicbVDNSsNAGNzU//hX9ehlsQgiUhIP6kUQvQheammt0MSw2X5tl242cXcjlNAn0ZfRk2hvnnwbt7GH2jqn2ZlZ+GbChDOlHefbKszNLywuLa/Yq2vrG5vFre07FaeSQp3GPJb3IVHAmYC6ZprDfSKBRCGHRti7GvmNJ5CKxaKm+wn4EekI1maUaCMFxRMvhA4TGTymuXI4sG/OqwHHXqXLcDUQD7UjjLHtgWhNhIJiySk7OfAsccekhMaoBMWh14ppGoHQlBOlmq6TaD8jUjPKYWB7qYKE0B7pQNNQQSJQfpb3G+D9diyx7gLO35PZjERK9aPQZCKiu2raG4n/ec1Ut8/8jIkk1SCoiRivnXKsYzyaCbeYBKp53xBCJTNXYtolklBtxrRNfXe67Cy5Oy67J2X39rh0cTkeYhntoj10gFx0ii7QNaqgOqLoBb2hTzS0nq1X6936+I0WrPGfHfQH1tcPbHyfNw==</latexit>

K = Rl�R
T
n ,

The three mixing angles now are

<latexit sha1_base64="pbDoE3wqh0pMwRY9juPJhSlAJtE="></latexit>

tan ✓12 = |Ke,2|/|Ke,1|,
sin ✓13 = |Ke,3|,
tan ✓23 = |Kµ,3|/|K⌧,3|,

and the Jarlskog invariant
<latexit sha1_base64="obRcDAdYIzJlY5gpv3lUc4UMbLY="></latexit>

JCP = I{K⇤
e1K

⇤
µ3Ke3 Kµ1},

As a function of the masses of the particles and two phases: 

Standard parametrization, PDG. 
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• Analysis of the forms
In the numerical analyses we use the values of the charged lepton masses and the values of 
the neutrino oscillation parameters, showed in the next tables:

<latexit sha1_base64="ZsWdw79wmzoSyLAobS12owP+E0s="></latexit>

me (MeV) mµ (MeV) m⌧ (MeV)
0.511 105.658 1776.860

<latexit sha1_base64="vlfUF737sOfK34D+qRUMzo1E+40="></latexit>

sin2 ✓12 ± �(sin2 ✓12) sin2 ✓13 ± �(sin2 ✓13) sin2 ✓23 ± �(sin2 ✓23) �m2
21 (eV2) �m2

31 (eV2)
0.320± 0.016 0.0220± 0.0007 0.574± 0.014 7.50⇥ 10�5 2.55⇥ 10�3
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• Analysis of the forms
In the numerical analyses we use the values of the charged lepton masses and the values of 
the neutrino oscillation parameters, showed in the next tables:

<latexit sha1_base64="ZsWdw79wmzoSyLAobS12owP+E0s="></latexit>

me (MeV) mµ (MeV) m⌧ (MeV)
0.511 105.658 1776.860

Neutrino masses can be written in terms of the neutrino mass-squared differences and 
the unknown absolute neutrino mass      .   For normal neutrino mass ordering

<latexit sha1_base64="sCfkkYg/eH08kNHUug9QJBAh8rY="></latexit>m1 = m0 ,

m2 =
q

m2
0 +�m2

21 ,

m3 =
q

m2
0 +�m2

31 ,

<latexit sha1_base64="+noWyzb7DITfMXw5AxLrIknPcSA=">AAACH3icbVBLTwIxGOziC9fXqkcvjcTEeCC7HNQYD0QvHjGRR8IS0i0f0NB217ZrQjb8GP0zejBGvfFvLMgBwTlNZ6ZNZ6KEM218f+zkVlbX1jfym+7W9s7unrd/UNNxqihUacxj1YiIBs4kVA0zHBqJAiIiDvVocDvx60+gNIvlgxkm0BKkJ1mXUWKs1Pauwwh6TGbwmE6Vs1HISQTcClcyFURr0CMXW4i274YgO3PRtlfwi/4UeJkEM1JAM1Ta3nvYiWkqQBrK7dvNwE9MKyPKMMph5IaphoTQAelB01JJBOhWNm05wifdWGHTBzw9z2czIrQeishmBDF9vehNxP+8Zmq6l62MySQ1IKmNWK+bcmxiPBkLd5gCavjQEkIVs7/EtE8UocZO6tr6wWLZZVIrFYPzYnBfKpRvZkPk0RE6RqcoQBeojO5QBVURRS/oDX2hb+fZeXU+nM/faM6Z3TlEf+CMfwBLl6MD</latexit>m0

where                        is the solar (atmospheric) mass-squared difference.
<latexit sha1_base64="/EMwVWY8h/DrZqojgbKe3uhQAv0=">AAACDXicbVDNTgIxGOziH65/qEcvjWCCHsjumqhHoh48YiI/CeCmWz6god3dtF0TsuEZ9GX0ZNSbF1/At7EgBwHnNJ2ZJt9MEHOmtON8W5ml5ZXVtey6vbG5tb2T292rqSiRFKo04pFsBEQBZyFUNdMcGrEEIgIO9WBwNfbrDyAVi8I7PYyhLUgvZF1GiTaSnzuxMcaF1jVwTbC49/zUc0cFXJyRTo10bPu5vFNyJsCLxJ2SPJqi4ue+Wp2IJgJCTTlRquk6sW6nRGpGOYzsVqIgJnRAetA0NCQCVDuddBrho24kse4Dnrz/ZlMilBqKwGQE0X01743F/7xmorsX7ZSFcaIhpCZivG7CsY7weBrcYRKo5kNDCJXMXIlpn0hCtRlwXN+dL7tIal7JPSu5t16+fDkdIosO0CEqIhedozK6QRVURRQ9oRf0jj6sR+vZerXefqMZa/pnH83A+vwB7VyXmA==</latexit>

�m2
21 (�m2

31)

<latexit sha1_base64="vlfUF737sOfK34D+qRUMzo1E+40="></latexit>

sin2 ✓12 ± �(sin2 ✓12) sin2 ✓13 ± �(sin2 ✓13) sin2 ✓23 ± �(sin2 ✓23) �m2
21 (eV2) �m2

31 (eV2)
0.320± 0.016 0.0220± 0.0007 0.574± 0.014 7.50⇥ 10�5 2.55⇥ 10�3
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•Analysis of RRR4-Form

<latexit sha1_base64="Gp6k0ADm8sLTxNB+sD7XjE0dQ0c="></latexit>

cn = �an +m1 �m2 +m3,

|bn| =
p

m1m2m3/(�an +m1 �m2 +m3),

|dn| =

s
(an �m1 +m2)(an �m1 �m3)(an +m2 �m3)

�an +m1 �m2 +m3
,

al = me �mµ,

|bl| = m⌧ ,

|cl| =
p
memµ .
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•Analysis of RRR4-Form

<latexit sha1_base64="Gp6k0ADm8sLTxNB+sD7XjE0dQ0c="></latexit>

cn = �an +m1 �m2 +m3,

|bn| =
p

m1m2m3/(�an +m1 �m2 +m3),

|dn| =

s
(an �m1 +m2)(an �m1 �m3)(an +m2 �m3)

�an +m1 �m2 +m3
,

al = me �mµ,

|bl| = m⌧ ,

|cl| =
p
memµ .

<latexit sha1_base64="NJ+naLrV+VlvqOLuGZjgZRvKWp4="></latexit>

Rn =

0

BBB@

q
m2m3(an+m2�m3)

(m1+m2)(m1�m3)(�an+m1�m2+m3)
�
q

m1(an�m1+m2)(�an+m1+m3)
(m1+m2)(m3�m1)(�an+m1�m2+m3)

q
m1(an+m2�m3)

(m1+m2)(m1�m3)

�
q

m1m3(�an+m1+m3)
(m1+m2)(m2+m3)(�an+m1�m2+m3)

�
q

m2(an�m1+m2)(an+m2�m3)
(m1+m2)(m2+m3)(an�m1+m2�m3)

q
m2(�an+m1+m3)
(m1+m2)(m2+m3)q

m1m2(an�m1+m2)
(m3�m1)(m2+m3)(�an+m1�m2+m3)

q
m3(an�m1�m3)(an+m2�m3)

(m1�m3)(m2+m3)(an�m1+m2�m3)

q
m3(an�m1+m2)

(m3�m1)(m2+m3)

1

CCCA
,

<latexit sha1_base64="r0J4C98pYiVUsuxWjdoui+zQhUw="></latexit>

Rl =

0

BB@

q
mµ

(me+mµ)

q
me

(me+mµ)
0

�
q

me
(me+mµ)

q
mµ

(me+mµ)
0

0 0 1

1

CCA ,

To ensure all elements in the matrix      are  real, the mathematical restriction  must be satisfied.<latexit sha1_base64="Hd/jqHJJU12gFKsuIWdFOb/tObE=">AAAB6XicbZC9TsMwFIVvyl8JfwVGlogWialKOgBjBQtjQfRHaqPKcW9aq44T2Q5SFfUhYELAxuvwArwNTskALWf6fM+xdM8NEs6Udt0vq7S2vrG5Vd62d3b39g8qh0cdFaeSYpvGPJa9gCjkTGBbM82xl0gkUcCxG0xvcr/7iFKxWDzoWYJ+RMaChYwSbUa92v1Q1GzbHlaqbt1dyFkFr4AqFGoNK5+DUUzTCIWmnCjV99xE+xmRmlGOc3uQKkwInZIx9g0KEqHys8W+c+csjKWjJ+gs3r+zGYmUmkWByURET9Sylw//8/qpDq/8jIkk1SioiRgvTLmjYyev7YyYRKr5zAChkpktHTohklBtjpPX95bLrkKnUfcu6t5do9q8Lg5RhhM4hXPw4BKacAstaAMFDs/wBu/W1HqyXqzXn2jJKv4cwx9ZH993ZYvo</latexit>

Rn

<latexit sha1_base64="suPObbih0Ep7lsXnIeq0ZJTFSOA=">AAAB+3icbZC7TsMwGIWdcivhFmBBYrFokViokiIBQ4cKFsYi0YvURpHjOq1V24lsB6mKysvAhICNt+AFeBuckgEK//T5P8fSf06YMKq0635apaXlldW18rq9sbm1vePs7nVUnEpM2jhmseyFSBFGBWlrqhnpJZIgHjLSDSfXud69J1LRWNzpaUJ8jkaCRhQjbVaBc1DlgXfKg3oDBaLBg7Ocq7ZtB07FrbnzgX/BK6ACimkFzsdgGOOUE6ExQ0r1PTfRfoakppiRmT1IFUkQnqAR6RsUiBPlZ/MEM3gcxRLqMYHz909vhrhSUx4aD0d6rBa1fPmf1k91dOlnVCSpJgIbi9GilEEdw7wIOKSSYM2mBhCW1FwJ8RhJhLWpK4/vLYb9C516zTuvebf1SvOqKKIMDsEROAEeuABNcANaoA0weABP4BW8WTPr0Xq2Xr6tJav4sw9+jfX+Bca3kZI=</latexit>

m1 �m2 < an < m3 �m2 Then there are four free parameters, namely
<latexit sha1_base64="6Cx3mntwSTbaEf1eK9k74n1xI5M=">AAACEHicbVDJTsMwFHRYS9gKHLlYtEgcSpT0AFyQKrhwLBJdpKaKHPelseossp1KVdSfgJ+BEwJuiB/gb3CXA7TMxeM386Q346ecSWXb38bK6tr6xmZhy9ze2d3bLx4cNmWSCQoNmvBEtH0igbMYGoopDu1UAIl8Di1/cDvRW0MQkiXxgxql0I1IP2YBo0TpkVc8L7tDoLnL9UqPjK/dPPLsCvHiipuGzHNmT9Udly3TNL1iybbsKfAyceakhOaoe8Uvt5fQLIJYUU6k7Dh2qro5EYpRDmPTzSSkhA5IHzqaxiQC2c2nscb4NEgEViHg6f+3NyeRlKPI156IqFAuapPhf1onU8FVN2dxmimIqbZoLcg4VgmetIN7TABVfKQJoYLpKzENiSBU6Q4n8Z3FsMukWbWcC8u5r5ZqN/MiCugYnaAz5KBLVEN3qI4aiKIn9ILe0YfxaDwbr8bbzLpizHeO0B8Ynz+Rl5rf</latexit>

~� = {m0, an,�1,�2}.
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In order to constrain the model parameters, the following statistical test was implemented: 

<latexit sha1_base64="icjJmVWN6ZPXS0WQfKpAe8N3Apo="></latexit>

�2(~�) =
X

i<j

 
sin2 ✓ij � sin2 ✓̃ij

�(sin2 ✓ij)

!2

, with i, j = 1, 2, 3.

.

where               are the mixing angles predicted by the forms, while               and                      are 
the current best fit values and its one-sigma deviations, respectively. 

<latexit sha1_base64="1KQI9Jh1eAruiCmkD3PeP2bpHq8=">AAACA3icbVC7TsMwFHV4lvAKMLJYtEhMVdIBGCtYGItEH1JTIse9aU2dh2wHqYoyws/AhICNP+AH+BuckgFazuLje86V7jl+wplUtv1lLC2vrK6tVzbMza3tnV1rb78j41RQaNOYx6LnEwmcRdBWTHHoJQJI6HPo+pPLQu/eg5Asjm7UNIFBSEYRCxglSo88C9dcyaLbRuYqxoegnzEoknsZu8vzmmmanlW16/YMeJE4JamiEi3P+nSHMU1DiBTlRMq+YydqkBGhGOWQm24qISF0QkbQ1zQiIchBNkuS4+MgFlifgGf/396MhFJOQ197QqLGcl4rhv9p/VQF54OMRUmqIKLaorUg5VjFuCgED5kAqvhUE0IF01diOiaCUKVrK+I782EXSadRd07rznWj2rwoi6igQ3SETpCDzlATXaEWaiOKHtEzekPvxoPxZLwYrz/WJaPcOUB/YHx8AybAlxo=</latexit>

sin2 ✓̃ij
<latexit sha1_base64="iX/NaXmtQPSvqFAa5UeQBvAN6hY=">AAAB+3icbVC7TsNAEDyHVzAvAw0SzYkEiSqyUwBlBA1lkMhDio11vpyTg/NDd2ukyDI/AxUCOv6CH+BvOIcUkDDV7M6stDNBKrgC2/4yKkvLK6tr1XVzY3Nre8fa3euqJJOUdWgiEtkPiGKCx6wDHATrp5KRKBCsF9xflnrvgUnFk/gGJinzIjKKecgpAb3yrYO6q3h828xdGDMgfs7viqJumqZv1eyGPQVeJM6M1NAMbd/6dIcJzSIWAxVEqYFjp+DlRAKnghWmmymWEnpPRmygaUwiprx8mqDAx2Eisf4AT+ff3pxESk2iQHsiAmM1r5XL/7RBBuG5l/M4zYDFVFu0FmYCQ4LLIvCQS0ZBTDQhVHL9JaZjIgkFXVcZ35kPu0i6zYZz2nCum7XWxayIKjpER+gEOegMtdAVaqMOougRPaM39G4UxpPxYrz+WCvG7GYf/YHx8Q2SnZNk</latexit>

sin2 ✓ij
<latexit sha1_base64="z1e5We4OtmA2TF0ihvwm9Edbw8c=">AAACBHicbVC7TsMwFHXKq5RXgJEl0CKVpUo6AGMFC2OR6ENqQuS4TmtqO5HtIFVRVvgZmBCw8QX8AH+DUzJAy1l8fM+50j0niCmRyra/jNLS8srqWnm9srG5tb1j7u51ZZQIhDsoopHoB1BiSjjuKKIo7scCQxZQ3Asml7neu8dCkojfqGmMPQZHnIQEQaVHvnlYcyUZMVjXD79tpq4aYwX9lNxl2UmtouGbVbthz2AtEqcgVVCg7Zuf7jBCCcNcIQqlHDh2rLwUCkUQxVnFTSSOIZrAER5oyiHD0ktnUTLrOIyEpW+wZv/f3hQyKacs0B4G1VjOa/nwP22QqPDcSwmPE4U50hathQm1VGTljVhDIjBSdKoJRILoKy00hgIipXvL4zvzYRdJt9lwThvOdbPauiiKKIMDcATqwAFnoAWuQBt0AAKP4Bm8gXfjwXgyXozXH2vJKHb2wR8YH99jIZaG</latexit>

�(sin2 ✓ij)
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In order to constrain the model parameters, the following statistical test was implemented: 

<latexit sha1_base64="icjJmVWN6ZPXS0WQfKpAe8N3Apo="></latexit>

�2(~�) =
X

i<j

 
sin2 ✓ij � sin2 ✓̃ij

�(sin2 ✓ij)

!2

, with i, j = 1, 2, 3.

.

where               are the mixing angles predicted by the forms, while               and                      are 
the current best fit values and its one-sigma deviations, respectively. 

<latexit sha1_base64="1KQI9Jh1eAruiCmkD3PeP2bpHq8=">AAACA3icbVC7TsMwFHV4lvAKMLJYtEhMVdIBGCtYGItEH1JTIse9aU2dh2wHqYoyws/AhICNP+AH+BuckgFazuLje86V7jl+wplUtv1lLC2vrK6tVzbMza3tnV1rb78j41RQaNOYx6LnEwmcRdBWTHHoJQJI6HPo+pPLQu/eg5Asjm7UNIFBSEYRCxglSo88C9dcyaLbRuYqxoegnzEoknsZu8vzmmmanlW16/YMeJE4JamiEi3P+nSHMU1DiBTlRMq+YydqkBGhGOWQm24qISF0QkbQ1zQiIchBNkuS4+MgFlifgGf/396MhFJOQ197QqLGcl4rhv9p/VQF54OMRUmqIKLaorUg5VjFuCgED5kAqvhUE0IF01diOiaCUKVrK+I782EXSadRd07rznWj2rwoi6igQ3SETpCDzlATXaEWaiOKHtEzekPvxoPxZLwYrz/WJaPcOUB/YHx8AybAlxo=</latexit>

sin2 ✓̃ij
<latexit sha1_base64="iX/NaXmtQPSvqFAa5UeQBvAN6hY=">AAAB+3icbVC7TsNAEDyHVzAvAw0SzYkEiSqyUwBlBA1lkMhDio11vpyTg/NDd2ukyDI/AxUCOv6CH+BvOIcUkDDV7M6stDNBKrgC2/4yKkvLK6tr1XVzY3Nre8fa3euqJJOUdWgiEtkPiGKCx6wDHATrp5KRKBCsF9xflnrvgUnFk/gGJinzIjKKecgpAb3yrYO6q3h828xdGDMgfs7viqJumqZv1eyGPQVeJM6M1NAMbd/6dIcJzSIWAxVEqYFjp+DlRAKnghWmmymWEnpPRmygaUwiprx8mqDAx2Eisf4AT+ff3pxESk2iQHsiAmM1r5XL/7RBBuG5l/M4zYDFVFu0FmYCQ4LLIvCQS0ZBTDQhVHL9JaZjIgkFXVcZ35kPu0i6zYZz2nCum7XWxayIKjpER+gEOegMtdAVaqMOougRPaM39G4UxpPxYrz+WCvG7GYf/YHx8Q2SnZNk</latexit>

sin2 ✓ij
<latexit sha1_base64="z1e5We4OtmA2TF0ihvwm9Edbw8c=">AAACBHicbVC7TsMwFHXKq5RXgJEl0CKVpUo6AGMFC2OR6ENqQuS4TmtqO5HtIFVRVvgZmBCw8QX8AH+DUzJAy1l8fM+50j0niCmRyra/jNLS8srqWnm9srG5tb1j7u51ZZQIhDsoopHoB1BiSjjuKKIo7scCQxZQ3Asml7neu8dCkojfqGmMPQZHnIQEQaVHvnlYcyUZMVjXD79tpq4aYwX9lNxl2UmtouGbVbthz2AtEqcgVVCg7Zuf7jBCCcNcIQqlHDh2rLwUCkUQxVnFTSSOIZrAER5oyiHD0ktnUTLrOIyEpW+wZv/f3hQyKacs0B4G1VjOa/nwP22QqPDcSwmPE4U50hathQm1VGTljVhDIjBSdKoJRILoKy00hgIipXvL4zvzYRdJt9lwThvOdbPauiiKKIMDcATqwAFnoAWuQBt0AAKP4Bm8gXfjwXgyXozXH2vJKHb2wR8YH99jIZaG</latexit>

�(sin2 ✓ij)

<latexit sha1_base64="rfQz+2kCFdE+Z/SsCxx3P+nuz/A="></latexit>

Parameter Best fit 3� range

m0 (⇥10�3 eV) 3.2 [2.2, 4.1]
an (⇥10�2 eV) 1.8 [1.6, 2.5]

�1/⇡ 0 [�0.4, 0.4]
�2/⇡ Independent

Best fit parameters (second column) and three sigma allowed range for 1.d.o.f. (third column).    
The       value at the minimum is                  . Note that in this form,    only depends on 

<latexit sha1_base64="PCtjaS3isZ/mjKcV8oPA5hVjmTM=">AAAB9HicbZDLTsJAFIanXhFvRZduGsEEN6RloS6JbIwrTOSSQNNMhwNMmF4yc4qShjfRlVF3Pokv4Ns4YBcK/qtvzv9Pcs7vx4IrtO0vY219Y3NrO7eT393bPzg0C0ctFSWSQZNFIpIdnyoQPIQmchTQiSXQwBfQ9sf1ud+egFQ8Cu9xGoMb0GHIB5xR1CPPLJRLt17aQ3jEtN6YzUrnnlm0K/ZC1io4GRRJpoZnfvb6EUsCCJEJqlTXsWN0UyqRMwGzfC9REFM2pkPoagxpAMpNF6vPrLNBJC0cgbV4/86mNFBqGvg6E1AcqWVvPvzP6yY4uHJTHsYJQsh0RHuDRFgYWfMGrD6XwFBMNVAmud7SYiMqKUPdU16f7ywfuwqtasW5qDh31WLtOisiR07IKSkTh1ySGrkhDdIkjDyQZ/JG3o2J8WS8GK8/0TUj+3NM/sj4+AbrnZDU</latexit>

(JCP)
<latexit sha1_base64="HzMmbsnLUQh/irIqcX2fyr4ELkw=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiKYuCItC3VJdOMSE0ESaMh0uKUTptNmZmpCGh5CV0bd+Tq+gG/jgF0oeFbf3HMmuecGqeDauO6XU1pb39jcKm9Xdnb39g+qh0ddnWSKYYclIlG9gGoUXGLHcCOwlyqkcSDwIZjczP2HR1SaJ/LeTFP0YzqWPOSMGjvq1QdpxIdefVituQ13IbIKXgE1KNQeVj8Ho4RlMUrDBNW677mp8XOqDGcCZ5VBpjGlbELH2LcoaYzazxf7zshZmChiIiSL9+9sTmOtp3FgMzE1kV725sP/vH5mwis/5zLNDEpmI9YLM0FMQua1yYgrZEZMLVCmuN2SsIgqyow9TsXW95bLrkK32fAuGt5ds9a6Lg5RhhM4hXPw4BJacAtt6AADAc/wBu/OxHlyXpzXn2jJKf4cwx85H9/frYzY</latexit>

�1

<latexit sha1_base64="r4IHg2J2CIYDcncab231OzjQeT8=">AAAB6XicbZC7TsMwFIZPyq2UW4GRxaJFYqqSDsBYwcJYJHqR2lA57klj1bnIdpCqqA8BEwI2XocX4G1wQwZo+afP5/8tnf94ieBK2/aXVVpb39jcKm9Xdnb39g+qh0ddFaeSYYfFIpZ9jyoUPMKO5lpgP5FIQ09gz5veLPzeI0rF4+hezxJ0QzqJuM8Z1WbUrw9ZwB+a9VG1ZjfsXGQVnAJqUKg9qn4OxzFLQ4w0E1SpgWMn2s2o1JwJnFeGqcKEsimd4MBgRENUbpbvOydnfiyJDpDk79/ZjIZKzULPZEKqA7XsLYb/eYNU+1duxqMk1RgxEzGenwqiY7KoTcZcItNiZoAyyc2WhAVUUqbNcSqmvrNcdhW6zYZz0XDumrXWdXGIMpzAKZyDA5fQgltoQwcYCHiGN3i3ptaT9WK9/kRLVvHnGP7I+vgGzAWMyw==</latexit>

�2 <latexit sha1_base64="afetROui8gOmpecKVQIW3IjzSuE=">AAAB/XicbVDLTgJBEJzFF+IL9aaXjWDiabNLjHoxIXrxiIk8EnYls0MDE2Yfmek1ks1Gf0ZPRr35E/6Af+OAHBSsU3VXddJVfiy4Qtv+MnILi0vLK/nVwtr6xuZWcXunoaJEMqizSESy5VMFgodQR44CWrEEGvgCmv7wcqw370AqHoU3OIrBC2g/5D3OKOpVp7hXdtmA31Y6qYtwj2nAQyvLzh3ruNwplmzLnsCcJ86UlMgUtU7x0+1GLAkgRCaoUm3HjtFLqUTOBGQFN1EQUzakfWhrGtIAlJdOMmTmYS+SJg7AnMy/vSkNlBoFvvYEFAdqVhsv/9PaCfbOvJSHcYIQMm3RWi8RJkbmuAqzyyUwFCNNKJNcf2myAZWUoS6soOM7s2HnSaNiOSeWc10pVS+mReTJPjkgR8Qhp6RKrkiN1Akjj+SZvJF348F4Ml6M1x9rzpje7JI/MD6+AUsslGI=</latexit>

�2
min. = 1.4
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•Analysis of the T1-form

The four parameters                                  contribute to the lepton mixing predicted by this texture.
<latexit sha1_base64="Effi112g1RuJeqHry81yccHK3Ss=">AAACDXicbVDLSsNAFJ34rPUVdekm2AoipSRdqBuh6MZlBfuAJoTJ9KYZOnkwMymU0G/Qn9GVqDs3/oB/46TNQlvPZs7ccy7cc7yEUSFN81tbWV1b39gsbZW3d3b39vWDw46IU06gTWIW856HBTAaQVtSyaCXcMChx6DrjW5zvTsGLmgcPchJAk6IhxH1KcFSjVz9vGqPgWQ2UysDPL22s9A1a9iNanYSUNeaPw17Wi27esWsmzMYy8QqSAUVaLn6lz2ISRpCJAnDQvQtM5FOhrmkhMG0bKcCEkxGeAh9RSMcgnCyWaapcerH3JABGLP/b2+GQyEmoac8IZaBWNTy4X9aP5X+lZPRKEklRERZlOanzJCxkVdjDCgHItlEEUw4VVcaJMAcE6kKzONbi2GXSadRty7q1n2j0rwpiiihY3SCzpCFLlET3aEWaiOCntALekcf2qP2rL1qb3PrilbsHKE/0D5/AJLKmn8=</latexit>

~� = {m0, an,�1,�2}

<latexit sha1_base64="iQD37pJtybYZ0wON/vSUAeTFoPg="></latexit>

al = me �mµ +m⌧ ,

|bl| =
q

(me �mµ)(mµ �m⌧ )(me +m⌧ )/(me �mµ +m⌧ ),

|cl| =
q

(memµm⌧ )/(me �mµ +m⌧ ) ,

<latexit sha1_base64="Ni1HswhrM6md5E0MM2qU/QVK/WY="></latexit>

Rl =

0

BBB@

�
q

mµm⌧ (mµ�m⌧ )
(me+mµ)(me�m⌧ )(me�mµ+m⌧ )

�
q

me(mµ�m⌧ )
(me+mµ)(me�m⌧ )

q
me(me�mµ)(me+m⌧ )

(me+mµ)(me�m⌧ )(me�mµ+m⌧ )q
mem⌧ (me+m⌧ )

(me+mµ)(mµ+m⌧ )(me�mµ+m⌧ )
�
q

mµ(me+m⌧ )
(me+mµ)(mµ+m⌧ )

q
mµ(me�mµ)(mµ�m⌧ )

(me+mµ)(mµ+m⌧ )(me�mµ+m⌧ )q
memµ(me�mµ)

(me�m⌧ )(mµ+m⌧ )(me�mµ+m⌧ )

q
m⌧ (me�mµ)

(me�m⌧ )(mµ+m⌧ )

q
m⌧ (me+m⌧ )(mµ�m⌧ )

(me�m⌧ )(mµ+m⌧ )(me�mµ+m⌧ )

1

CCCA

<latexit sha1_base64="hPMGpbu2hXbXzhA3EWVkSzkK44s="></latexit>

Parameter Best fit 3� range

m0 (⇥10�3eV) 3.3 [1.8, 4.7]
an (⇥10�2eV) 2.3 [1.4, 3.7]

�1/⇡ 0.4 Unconstrained
�2/⇡ 0.9 Unconstrained
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In this form, the Jarlskog invariant depends on both,       and      , phases as shown in the next figure
<latexit sha1_base64="HzMmbsnLUQh/irIqcX2fyr4ELkw=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiKYuCItC3VJdOMSE0ESaMh0uKUTptNmZmpCGh5CV0bd+Tq+gG/jgF0oeFbf3HMmuecGqeDauO6XU1pb39jcKm9Xdnb39g+qh0ddnWSKYYclIlG9gGoUXGLHcCOwlyqkcSDwIZjczP2HR1SaJ/LeTFP0YzqWPOSMGjvq1QdpxIdefVituQ13IbIKXgE1KNQeVj8Ho4RlMUrDBNW677mp8XOqDGcCZ5VBpjGlbELH2LcoaYzazxf7zshZmChiIiSL9+9sTmOtp3FgMzE1kV725sP/vH5mwis/5zLNDEpmI9YLM0FMQua1yYgrZEZMLVCmuN2SsIgqyow9TsXW95bLrkK32fAuGt5ds9a6Lg5RhhM4hXPw4BJacAtt6AADAc/wBu/OxHlyXpzXn2jJKf4cwx85H9/frYzY</latexit>

�1
<latexit sha1_base64="6pUdbZcEiidHJMw8Y9FM4ctfBEI=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiKYuCItC3VJdOMSE0ESaMh0uKUTptNmZmpCGh5CV0bd+Tq+gG/jgF0oeFbf3HMmuecGqeDauO6XU1pb39jcKm9Xdnb39g+qh0ddnWSKYYclIlG9gGoUXGLHcCOwlyqkcSDwIZjczP2HR1SaJ/LeTFP0YzqWPOSMGjvq1QdpxIfN+rBacxvuQmQVvAJqUKg9rH4ORgnLYpSGCap133NT4+dUGc4EziqDTGNK2YSOsW9R0hi1ny/2nZGzMFHEREgW79/ZnMZaT+PAZmJqIr3szYf/ef3MhFd+zmWaGZTMRqwXZoKYhMxrkxFXyIyYWqBMcbslYRFVlBl7nIqt7y2XXYVus+FdNLy7Zq11XRyiDCdwCufgwSW04Bba0AEGAp7hDd6difPkvDivP9GSU/w5hj9yPr4B4SyM2Q==</latexit>

�2
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•DUNE sensitivity to the mixing parameters

We calculated the lepton mixing matrix for each form showed before and their were implemented in 
the GLoBES C-library probability engine.                            

<latexit sha1_base64="x1raWEKHMBKN3YqrzX1CJLJR/e0=">AAACdHicjZHLTsJAFIan9Y431KWaTAQvC0NaFurS6MYlJqIklJDT4QATptNmZqohDQ/he/kCvohuHbALBE08q//83z/JnHPCRHBtPO/dcRcWl5ZXVtcK6xubW9vFnd1HHaeKYZ3FIlaNEDQKLrFuuBHYSBRCFAp8Cge3Y/70jErzWD6YYYKtCHqSdzkDY6128bUcyLQdRCkNFO/1DSgVv9DcK5/TPzFOYAgqs91oPjJNyhRk539pLLeLJa/iTYrOCz8XJZJXrV18CzoxSyOUhgnQuul7iWlloAxnAkeFINWYABtAD5tWSohQt7LJ6kb0uBsravpIJ/10NoNI62EU2kwEpq9n2dj8jTVT071qZVwmqUHJbMSybiqoien4ArTDFTIjhlYAU9z+krI+KGDG3qlgx/dnh50Xj9WKf1Hx76ul65t8EatknxyRM+KTS3JN7kiN1Akjn86hc+KcOh/ugVtyj7+jrpO/2SM/yq18AYx2vwY=</latexit>

⌫µ ! ⌫µ, ⌫µ ! ⌫e, ⌫̄µ ! ⌫̄µ and ⌫̄µ ! ⌫̄e
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•DUNE sensitivity to the mixing parameters

We calculated the lepton mixing matrix for each form showed before and their were implemented in 
the GLoBES C-library probability engine.                            

<latexit sha1_base64="x1raWEKHMBKN3YqrzX1CJLJR/e0=">AAACdHicjZHLTsJAFIan9Y431KWaTAQvC0NaFurS6MYlJqIklJDT4QATptNmZqohDQ/he/kCvohuHbALBE08q//83z/JnHPCRHBtPO/dcRcWl5ZXVtcK6xubW9vFnd1HHaeKYZ3FIlaNEDQKLrFuuBHYSBRCFAp8Cge3Y/70jErzWD6YYYKtCHqSdzkDY6128bUcyLQdRCkNFO/1DSgVv9DcK5/TPzFOYAgqs91oPjJNyhRk539pLLeLJa/iTYrOCz8XJZJXrV18CzoxSyOUhgnQuul7iWlloAxnAkeFINWYABtAD5tWSohQt7LJ6kb0uBsravpIJ/10NoNI62EU2kwEpq9n2dj8jTVT071qZVwmqUHJbMSybiqoien4ArTDFTIjhlYAU9z+krI+KGDG3qlgx/dnh50Xj9WKf1Hx76ul65t8EatknxyRM+KTS3JN7kiN1Akjn86hc+KcOh/ugVtyj7+jrpO/2SM/yq18AYx2vwY=</latexit>

⌫µ ! ⌫µ, ⌫µ ! ⌫e, ⌫̄µ ! ⌫̄µ and ⌫̄µ ! ⌫̄e•For RRR4 form
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•T1 form
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<latexit sha1_base64="CXbXrt9RMepo6Q+SiZoGYzLLbgw="></latexit>

sin2(✓23) �cp/⇡ m0 (⇥10�2 eV) an (⇥10�2 eV) �1/⇡ �2/⇡ �2
min

0.42 -0.5 [0.3, 1.4] [0.9, 2.5] [�1.0,�0.6] [ [0.7, 1.0] [�1.0,�0.5] [ [0.6, 1.0] 19.4
0.42 0.0 [0.1, 2.2] [0.5, 3.0] [ [3.1, 3.8] [-1.0, 1.0] [-1.0, 1.0] 5.0
0.42 0.5 [0.3, 1.3] [0.7, 2.8] [ [3.1, 3.3] [-0.9, -2.4] [�1.0,�0.6] [ [0.4, 1.0] 13.0
0.42 1 [0.2, 1.2] [0.7, 2.8] [0.1, 8.72] [�1.0,�0.5] [ [0.5, 1.0] 59.4
0.5 -0.5 [0.4, 1.3] [1.2, 3.0] [0.2 , 0.9] [-0.5, 0.7] 17.7
0.5 0.0 [0.1, 2.0] [0.6, 3.4] [-1.0, 1.0] [-1.0, 1.0] 1.04
0.5 0.5 [0.1, 1.3] [1.0, 3.3] [-1.0, -0.1] [-0.5, 0.4] 11.9
0.5 1 [0.1, 1.2] [1.0, 3.2] [0.0, 0.8] [-0.4, 0.6] 62.3
0.58 -0.5 [0.4, 1.5] [1.0, 2.5] [0.3 , 0.9] [-0.5, 0.6] 14.7
0.58 0 [0.1, 2.4] [0.6, 3.0] [ [3.3, 3.7] [-1.0, 1.0] [-1.0, 1.0] 0
0.58 0.5 [0.2, 1.6] [0.9, 2.9] [-1.0, 0.0] [-0.5, 0.4 ] 10.5
0.58 1 [0.2, 1.5] [0.9, 2.9] [0.1, 0.9] [-0.4, 0.5] 58.5
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• The texture zeros diminishing the mathematical parameters in the models.

• The texture zeros give us an alternative to the PDG parametrization, in a function of four 
parameters.

• The forms showed here predict a neutrino mixing compatible with the current neutrino 
oscillation phenomenology including the possibility of the CP-symmetry violation encoded 
in a physical phase. We have shown that DUNE sensitivity to this Dirac CP-phase is 
comparable to the sensitivity to        of the PDG parametrization. <latexit sha1_base64="zBQN4CyahMImARWCf0xtiqKlWdQ=">AAAB7nicbZDNTgIxFIU7+If4h7p00wgmrsgMC3VJdOMSE/lJYEI65Q40dGZqe8eETHgNXRl158P4Ar6NBWeh4Fl9vec0uecGSgqDrvvlFNbWNza3itulnd29/YPy4VHbJKnm0OKJTHQ3YAakiKGFAiV0lQYWBRI6weRm7nceQRuRxPc4VeBHbBSLUHCGduRX+0OQyAYZV7PqoFxxa+5CdBW8HCokV3NQ/uwPE55GECOXzJie5yr0M6ZRcAmzUj81oBifsBH0LMYsAuNni6Vn9CxMNMUx0MX7dzZjkTHTKLCZiOHYLHvz4X9eL8Xwys9ErFKEmNuI9cJUUkzovDsdCg0c5dQC41rYLSkfM8042guVbH1vuewqtOs176Lm3dUrjev8EEVyQk7JOfHIJWmQW9IkLcLJA3kmb+TdUc6T8+K8/kQLTv7nmPyR8/ENO3yPbQ==</latexit>

�cp
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