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Anomaly-free U(1) extensions

and their linear combinations.

Here L and B indicate the lepton and baryon numbers,

i, j (=1,2,3, i#j) are family (or generation) indices.
For example, the U(1) , ., gauge charges are
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Anomaly-free U(1) extensions

e and their linear combinations.

Since the new iteractions through the new gauge boson should be suppressed than the
well-known interaction by the SM gauge boson, the new gauge couplings (gx) and gauge

boson mass (M) must be constrained as
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vhere () denotes the charges of the SM fermions under an extra U(1)y gauge symmetry.




U(1),,,,and FCNC

In panticular, U(L)g, 5. [U(L),-1,8) admuit only the block-] diagonal forms of the Yukawa

mass matrices for the SM chral fermions. Actually non-zero off-diagonal components n the

Yukawa textures are indispensable for the flavor mixing effects observed 1 weak mteraction

mediated by the W bosons. Moreover, the mixing angles n the lepton sector are known to

be almost maximal |1
* For example, the U(1) , ., gauge charges are
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U(1),,,,and FCNC

For the non-zero off-diagonal components in the Yukawa textures, the surplus U(1)y
charges 1n the required operators need to be compensated properly by a scalar field ¢, and
a non-zero VEV of ¢ should be developed, breaking the U(1)y. Let us discuss the following

form of the non-renormalizable terms in the Lagrangian with U(1),_,:

* Here L and B indicate the lepton and baryon numbers,
* 1|,j(i#)) are family (or generation) indices.
* For example, the U(1) , ., gauge charges are
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U(1),,,,and FCNC

For the non-zero off-diagonal components in the Yukawa textures, the surplus U(1)y
charges 1n the required operators need to be compensated properly by a scalar field ¢, and

a non-zero VEV of ¢ should be developed, breaking the U(1)y. Let us discuss the following
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U(1),,,,and FCNC
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From the heavy charged lepton search experiments, f
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U(1),,,,and FCNC
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U(1),,,,and FCNC

Once ¢ gets a non-zero VEV,
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After diagonalization of the mass matrices,
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which play the role of the sources of FCNC. For small enough K’s,
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U(1),,,,and FCNC

Once ¢ gets a non-zero VEV,
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contributes to diagonalization of the mass matrix  Not completely diagonalized in the diagonal basis !
together with the diagonal components

After diagonalization of the mass matrices,
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which play the role of the sources of FCNC. For small enough K’s,
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which should be smaller than the Exp. Bound, 1.0x10-12,
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Conclusion

* Family-dependent extra U(1) (gauge) symmetries constrain
the forms of Yukawa textures.

* For mixing effects observed in weak interactions. such U(1)
symmetries need to be broken at the weak or higher energy
scales.

 Otherwise, unwanted phenomena such as FCNC could arise.

* The extra U(1) gauge bosons should typically be heavier
than 1TeV, but can be lighter by some tunings.
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