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The standard model of particle physics based on the local gauge group                               has 
been very successful. 


However, the SM fails in explaining things as: hierarchical charged fermion masses, fermion mixing 
angles, charge quantization, strong CP violation, replication of families, neutrino masses and 
oscillations, and the matter-antimatter asymmetry of the universe. Besides, gravity is excluded from 
the context of the model, which also fails to provide a good candidate for the dark mater and the 
dark energy present in the universe.


It is therefore widely believed that the SM is not truly fundamental, the prevailing view being that the 
model is just an effective model. We are going to propose an extension of it; that is, a new model 
for three families based on the local gauge group                                                     where the hyper-
charges of the two abelian factors are non-universal, in the sense that they are not the same for the 
assumed three families.
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Electric charge generator: 
  

 implies that the SM hyper-charge Y can be identified as


Covariant derivative 
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Gauge anomalies:
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Spontaneous symmetry breaking 



8

Spontaneous symmetry breaking 

Where two new parameters       and       come into play which must 
satisfy


When the SM-singlet scalar   field    acquires a non-vanishing 
vacuum expectation value (VEV) V at a large energy scale, it induces 
a mixing between the         fields.
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which gives place to the SM gauge boson     associated with              the  
hyper-charge and to a new massive      non-universal gauge boson.

<latexit sha1_base64="vYTcpRpfXURcMgg/96lL/dJMkM8=">AAAB6XicbZC9TgJBFIXv4h/iH2ppMxFMsCG7FGpJtLHExAUMbMjscBcmzP5kZtaEbHgIrYza+Tq+gG/jgFsoeKpv7jmT3HP9RHClbfvLKqytb2xuFbdLO7t7+wflw6O2ilPJ0GWxiGXXpwoFj9DVXAvsJhJp6Avs+JObud95RKl4HN3raYJeSEcRDzij2oy6VbfmnA8eqoNyxa7bC5FVcHKoQK7WoPzZH8YsDTHSTFCleo6daC+jUnMmcFbqpwoTyiZ0hD2DEQ1Redli3xk5C2JJ9BjJ4v07m9FQqWnom0xI9Vgte/Phf14v1cGVl/EoSTVGzESMF6SC6JjMa5Mhl8i0mBqgTHKzJWFjKinT5jglU99ZLrsK7Ubduag7d41K8zo/RBFO4BRq4MAlNOEWWuACAwHP8Abv1sR6sl6s159owcr/HMMfWR/f8NSMOg==</latexit>
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Z 0
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Z 0

The next step is to break the SM local gauge symmetry down to              at 
least two Higgs scalars must be introduced at this stage:

<latexit sha1_base64="87XVC+jOvV77jNLeeUQwZd8JgLg=">AAAB6XicbZC9TgJBFIXv4h/iH2ppMxFMsCG7FGpJtLGExAUS2JDZ4S5MmP3JzKwJ2fAQWhm183V8Ad/GAbdQ8FTf3HMmuef6ieBK2/aXVdjY3NreKe6W9vYPDo/KxycdFaeSoctiEcueTxUKHqGruRbYSyTS0BfY9ad3C7/7iFLxOHrQswS9kI4jHnBGtRn1qm7NuRy2q8Nyxa7bS5F1cHKoQK7WsPw5GMUsDTHSTFCl+o6daC+jUnMmcF4apAoTyqZ0jH2DEQ1Redly3zm5CGJJ9ATJ8v07m9FQqVnom0xI9USteovhf14/1cGNl/EoSTVGzESMF6SC6JgsapMRl8i0mBmgTHKzJWETKinT5jglU99ZLbsOnUbduao77UaleZsfoghncA41cOAamnAPLXCBgYBneIN3a2o9WS/W60+0YOV/TuGPrI9v5NyMMg==</latexit>

U(1)Q

Our assumption here is that only the doublet        develops a VEV                 
and  couples to the third family via Yukawa terms, providing with masses to all 
the four particles in the third family, including Dirac masses for the neutrinos
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The Yukawa Lagrangian is
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The Yukawa Lagrangian is

equation which brings the following constraints between the abelian hyper-
charge values:
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A second scalar doublet       with abelian quantum numbers                               
<latexit sha1_base64="tXql1Bd2h1VDW5jsyyhbkmmCtF4=">AAAB6XicbZDLTgIxFIZP8YZ4Q126aQQTV2SGhbokceMSE7kkMCGdcoZp6FzSdkzIhIfQlVF3vo4v4NtYcBYK/quv5/+bnP/4qRTaOM4XKW1sbm3vlHcre/sHh0fV45OuTjLFscMTmai+zzRKEWPHCCOxnypkkS+x509vF37vEZUWSfxgZil6EZvEIhCcGTvq14dpKEZufVStOQ1nKboObgE1KNQeVT+H44RnEcaGS6b1wHVS4+VMGcElzivDTGPK+JRNcGAxZhFqL1/uO6cXQaKoCZEu37+zOYu0nkW+zUTMhHrVWwz/8waZCW68XMRpZjDmNmK9IJPUJHRRm46FQm7kzALjStgtKQ+ZYtzY41RsfXe17Dp0mw33quHeN2utenGIMpzBOVyCC9fQgjtoQwc4SHiGN3gnU/JEXsjrT7REij+n8Efk4xvWp4y6</latexit>

�1
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<latexit sha1_base64="H1TqAMjdnpcwwCte/kp5vWYrbm4=">AAAB83icbZDNTsJAFIVv8Q/xr+rSzUQwcUVaFuqSxI1LTARMaNNMhwudMP3JzJSENDyJroy68018Ad/GAbtQ8Ky+uedMcu8JM8GVdpwvq7KxubW9U92t7e0fHB7Zxyc9leaSYZelIpWPIVUoeIJdzbXAx0wijUOB/XByu/D7U5SKp8mDnmXox3Sc8BFnVJtRYNsNL0RNg8LLIh6480Zg152msxRZB7eEOpTqBPanN0xZHmOimaBKDVwn035BpeZM4Lzm5QozyiZ0jAODCY1R+cVy8zm5GKWS6AjJ8v07W9BYqVkcmkxMdaRWvcXwP2+Q69GNX/AkyzUmzESMN8oF0SlZFECGXCLTYmaAMsnNloRFVFKmTU01c767euw69FpN96rp3rfq7UZZRBXO4BwuwYVraMMddKALDKbwDG/wbuXWk/Vivf5EK1b55xT+yPr4BoghkIo=</latexit>

��1and
which provides masses to the first two families must be introduced, the 
constrains are the same as before only we need to replace 3     1.
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��1and

A simple algebra shows that the Yukawa mass terms of these two scalar 
Higgs doublets brings the following set of twelve new constraint equations 
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�
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which provides masses to the first two families must be introduced, the 
constrains are the same as before only we need to replace 3     1.



15

Solution I:
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Standard model
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Standard model

the following twelve equations must be satisfied:
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The before constraints implies 
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The before constraints implies 

We can obtain the SM, from two U(1)’s non universal. With the others two 
solutions one of them reproduce the same results, however, the other one 
can not arrive to the SM.
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Another important question here is: if the scalar singlet      is able to produce 
a Majorana mass for the right handed neutrinos. To do it, a set of new  
constraint equation must be satisfied,

The analysis shows that in order to provide Majorana masses for the right-
handed neutrinos, we must have:

<latexit sha1_base64="HWp+WYlXzxcgbhfOlMGy0iN1JPU=">AAAB6XicbZDNTgIxFIXv4B/iH+rSTSOYuCIzLNAl0Y1LTOQngQnplDvQ0M5M2o4JmfAQujLqztfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7CxubW9U9wt7e0fHB6Vj086Ok4VwzaLRax6AdUoeIRtw43AXqKQykBgN5jeLvzuIyrN4+jBzBL0JR1HPOSMGjvqVQeajyWtDssVt+YuRdbBy6ECuVrD8udgFLNUYmSYoFr3PTcxfkaV4UzgvDRINSaUTekY+xYjKlH72XLfObkIY0XMBMny/TubUan1TAY2I6mZ6FVvMfzP66cmvPYzHiWpwYjZiPXCVBATk0VtMuIKmREzC5QpbrckbEIVZcYep2Tre6tl16FTr3mNmndfrzRv8kMU4QzO4RI8uIIm3EEL2sBAwDO8wbszdZ6cF+f1J1pw8j+n8EfOxzc/lY0Y</latexit>�

that is: universality must be present in the right-handed neutral lepton sector.
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The next question is: if there are solutions for the former analysis to the case 
when right handed neutrinos are absent

<latexit sha1_base64="VimcP+v3oPRGD5OrUIK7X7xq6iQ=">AAAB5HicbZC9TgJBFIXv4h/iH2ppMxFMrMguhVqS2FhiFCSBDbk73IUJsz+ZmTUhhDfQyqidT+QL+DYOuIWCp/rmnjPJPTdIpdDGdb+cwtr6xuZWcbu0s7u3f1A+PGrrJFOcWjyRieoEqEmKmFpGGEmdVBFGgaSHYHw99x8eSWmRxPdmkpIf4TAWoeBo7OiuitV+ueLW3IXYKng5VCBXs1/+7A0SnkUUGy5R667npsafojKCS5qVepmmFPkYh9S1GGNE2p8uVp2xszBRzIyILd6/s1OMtJ5Egc1EaEZ62ZsP//O6mQmv/KmI08xQzG3EemEmmUnYvDEbCEXcyIkF5ErYLRkfoUJu7F1Ktr63XHYV2vWad1HzbuuVRjU/RBFO4BTOwYNLaMANNKEFHIbwDG/w7oTOk/PivP5EC07+5xj+yPn4Bmcfirw=</latexit>a
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The next question is: if there are solutions for the former analysis to the case 
when right handed neutrinos are absent

There are two different kinds of solutions all of them functions of four free 
parameters       ,      ,      and    :<latexit sha1_base64="ovGg52FULjhFCvZM4VIAxqVAmeg=">AAAB7nicbZDLTgJBEEVr8IX4Ql26mQgmrsgMC3VJ4sYlJvJIYDLpaQro0POgu8aETPgNXRl158f4A/6NDc5Cwbs6Xfd2UreCRApNjvNlFTY2t7Z3irulvf2Dw6Py8Ulbx6ni2OKxjFU3YBqliLBFgiR2E4UsDCR2gsntwu88otIijh5olqAXslEkhoIzMiOv2g+QmJ9NfXde9csVp+YsZa+Dm0MFcjX98md/EPM0xIi4ZFr3XCchL2OKBJc4L/VTjQnjEzbCnsGIhai9bLn03L4YxsqmMdrL9+9sxkKtZ2FgMiGjsV71FsP/vF5KwxsvE1GSEkbcRIw3TKVNsb3obg+EQk5yZoBxJcyWNh8zxTiZC5VMfXe17Dq06zX3qube1yuNan6IIpzBOVyCC9fQgDtoQgs4TOEZ3uDdSqwn68V6/YkWrPzPKfyR9fEN0lyPDw==</latexit>

�q1

<latexit sha1_base64="H//lleKj7Qz+lMTXgZzKPgxFv64=">AAAB7nicbZDNTsJAFIVv8Q/xD3XpphFMXJEWE3VJ4sYlJgIm0DTT4QITpj/M3JqQhtfQlVF3Powv4Ns4YBcKntU395xJ7rlBIoUmx/myCmvrG5tbxe3Szu7e/kH58Kit41RxbPFYxuohYBqliLBFgiQ+JApZGEjsBOObud95RKVFHN3TNEEvZMNIDARnZEZetRcgMT+b+Bezql+uODVnIXsV3BwqkKvplz97/ZinIUbEJdO66zoJeRlTJLjEWamXakwYH7Mhdg1GLETtZYulZ/bZIFY2jdBevH9nMxZqPQ0DkwkZjfSyNx/+53VTGlx7mYiSlDDiJmK8QSptiu15d7svFHKSUwOMK2G2tPmIKcbJXKhk6rvLZVehXa+5lzX3rl5pVPNDFOEETuEcXLiCBtxCE1rAYQLP8AbvVmI9WS/W60+0YOV/juGPrI9v1VyPEQ==</latexit>

�q3
<latexit sha1_base64="VimcP+v3oPRGD5OrUIK7X7xq6iQ=">AAAB5HicbZC9TgJBFIXv4h/iH2ppMxFMrMguhVqS2FhiFCSBDbk73IUJsz+ZmTUhhDfQyqidT+QL+DYOuIWCp/rmnjPJPTdIpdDGdb+cwtr6xuZWcbu0s7u3f1A+PGrrJFOcWjyRieoEqEmKmFpGGEmdVBFGgaSHYHw99x8eSWmRxPdmkpIf4TAWoeBo7OiuitV+ueLW3IXYKng5VCBXs1/+7A0SnkUUGy5R667npsafojKCS5qVepmmFPkYh9S1GGNE2p8uVp2xszBRzIyILd6/s1OMtJ5Egc1EaEZ62ZsP//O6mQmv/KmI08xQzG3EemEmmUnYvDEbCEXcyIkF5ErYLRkfoUJu7F1Ktr63XHYV2vWad1HzbuuVRjU/RBFO4BTOwYNLaMANNKEFHIbwDG/w7oTOk/PivP5EC07+5xj+yPn4Bmcfirw=</latexit>a

<latexit sha1_base64="VimcP+v3oPRGD5OrUIK7X7xq6iQ=">AAAB5HicbZC9TgJBFIXv4h/iH2ppMxFMrMguhVqS2FhiFCSBDbk73IUJsz+ZmTUhhDfQyqidT+QL+DYOuIWCp/rmnjPJPTdIpdDGdb+cwtr6xuZWcbu0s7u3f1A+PGrrJFOcWjyRieoEqEmKmFpGGEmdVBFGgaSHYHw99x8eSWmRxPdmkpIf4TAWoeBo7OiuitV+ueLW3IXYKng5VCBXs1/+7A0SnkUUGy5R667npsafojKCS5qVepmmFPkYh9S1GGNE2p8uVp2xszBRzIyILd6/s1OMtJ5Egc1EaEZ62ZsP//O6mQmv/KmI08xQzG3EemEmmUnYvDEbCEXcyIkF5ErYLRkfoUJu7F1Ktr63XHYV2vWad1HzbuuVRjU/RBFO4BTOwYNLaMANNKEFHIbwDG/w7oTOk/PivP5EC07+5xj+yPn4Bmcfirw=</latexit>a
<latexit sha1_base64="0vZeecHeU32622awKta2WuBK5wM=">AAAB5HicbZC9TgJBFIXv4h/iH2ppMxFMrMguhVqS2FhiFCSBDZkd7sKE2Z/M3DUhhDfQyqidT+QL+DYOuIWCp/rmnjPJPTdIlTTkul9OYW19Y3OruF3a2d3bPygfHrVNkmmBLZGoRHcCblDJGFskSWEn1cijQOFDML6e+w+PqI1M4nuapOhHfBjLUApOdnRXDar9csWtuQuxVfByqECuZr/82RskIoswJqG4MV3PTcmfck1SKJyVepnBlIsxH2LXYswjNP50seqMnYWJZjRCtnj/zk55ZMwkCmwm4jQyy958+J/XzSi88qcyTjPCWNiI9cJMMUrYvDEbSI2C1MQCF1raLZkYcc0F2buUbH1vuewqtOs176Lm3dYrjWp+iCKcwCmcgweX0IAbaEILBAzhGd7g3QmdJ+fFef2JFpz8zzH8kfPxDWieir0=</latexit>

b



Benchmark models
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B-L model: In this case the lepton charges must be  minus three times the quark 
charges

It is easy  reproduce B-L charges with our model, in this case

and Same results for the three solutions.
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Lepton-Phobic model

Quark-Phobic model at the first two families

For this particular model any linear combination of the charges       and        must 
be zero for all leptons. 

The charges for the first two families of quarks must be zero. 

For solution I:

For solution II and III :



Phenomenology: 
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The charges associated with for solution I: 
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Z’ models with zero  couplings to 
the SM particles of the first family.

We obtain the allowed regions in  
the parameter space for Z’ 
masses : 1TeV, and 3 TeV.

We obtain these limits from the 
intersection of the 95%CL 

upper limit on the cross-section 
from searches of high-mass ditaus 

r e s o n a n c e s a t t h e AT L A S 
experiment and the theoretical 
cross-section for the process.  



Conclusions
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• It is possible to obtain the SM as an effective theory from two non-universal U(1) 
Gauge structures. This is possible in both with and without right-handed 
neutrinos. 



Conclusions
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• in this model is necessary to have one scalar singlet and two scalar doublets. 
The first one is responsible to break the two U(1)’s to SM hyper-charge and to 
generate the mass to Z' boson, and the others one to break the                      
SM to                         and  generate the masses of the fermions.  

<latexit sha1_base64="W9TjVKNgqgSbyrLXBEj6kibxpwg=">AAAB+3icbVDLTsJAFJ3iC/FVdWPiZiKYwIa0mKhLohuXEC2SQNNMhylMmD4yc2tCGvwZXRl151/4A/6NA3ah4Fmde8+5mTnHTwRXYFlfRmFldW19o7hZ2tre2d0z9w86Kk4lZQ6NRSy7PlFM8Ig5wEGwbiIZCX3B7v3x9Uy/f2BS8Ti6g0nC3JAMIx5wSkCvPPOocutUz2oe7cfAQ6awU7VrXhtXPLNs1a058DKxc1JGOVqe+dkfxDQNWQRUEKV6tpWAmxEJnAo2LfVTxRJCx2TIeppGRL/mZvMEU3waxBLDiOH5/NubkVCpSehrT0hgpBa12fI/rZdCcOlmPEpSYBHVFq0FqcAQ41kReMAloyAmmhAquf4lpiMiCQVdV0nHtxfDLpNOo26f1+12o9y8yosoomN0gqrIRheoiW5QCzmIokf0jN7QuzE1nowX4/XHWjDym0P0B8bHN5fLkh4=</latexit>

SU(3)c ⌦ U(1)Q

• It is possible to obtain the SM as an effective theory from two non-universal U(1) 
Gauge structures. This is possible in both with and without right-handed 
neutrinos. 
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• We can obtain a variety of benchmark models, as was shown, this implies that 
the model analyzed here is more general.

• It is possible to obtain the SM as an effective theory from two non-universal U(1) 
Gauge structures. This is possible in both with and without right-handed 
neutrinos. 

• in this model is necessary to have one scalar singlet and two scalar doublets. 
The first one is responsible to break the two U(1)’s to SM hyper-charge and to 
generate the mass to Z' boson, and the others one to break the                      
SM to                         and  generate the masses of the fermions.  

<latexit sha1_base64="W9TjVKNgqgSbyrLXBEj6kibxpwg=">AAAB+3icbVDLTsJAFJ3iC/FVdWPiZiKYwIa0mKhLohuXEC2SQNNMhylMmD4yc2tCGvwZXRl151/4A/6NA3ah4Fmde8+5mTnHTwRXYFlfRmFldW19o7hZ2tre2d0z9w86Kk4lZQ6NRSy7PlFM8Ig5wEGwbiIZCX3B7v3x9Uy/f2BS8Ti6g0nC3JAMIx5wSkCvPPOocutUz2oe7cfAQ6awU7VrXhtXPLNs1a058DKxc1JGOVqe+dkfxDQNWQRUEKV6tpWAmxEJnAo2LfVTxRJCx2TIeppGRL/mZvMEU3waxBLDiOH5/NubkVCpSehrT0hgpBa12fI/rZdCcOlmPEpSYBHVFq0FqcAQ41kReMAloyAmmhAquf4lpiMiCQVdV0nHtxfDLpNOo26f1+12o9y8yosoomN0gqrIRheoiW5QCzmIokf0jN7QuzE1nowX4/XHWjDym0P0B8bHN5fLkh4=</latexit>

SU(3)c ⌦ U(1)Q
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Without neutrinos

Solution II
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Charges Z’, solution II 


