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U(1) gauge symmetry and neutrino mass matrix
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U(1) gauge symmetry and neutrino mass matrix

1, Introduction
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SM singlet scalar	( breaks

SM singlet scalar	( breaks 
the U(1)%& symmetry

Mass matrix has strong constraint
even if the U(1)%& symmetry was broken
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gauge symmetry and neutrino mass matrix

Mass matrices

� charged lepton mass
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2, Analysis of mass matrix
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2, Analysis of mass matrix
Two zero minor conditions



Point
Neither the breaking singlet VEV ! nor
Majorana masses appear in these conditions explicitly
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2, Analysis of mass matrix
Two zero minor conditions
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complex eqs �more than three
generally no solution

complex eqs� zero or one
fewer predictions

Two zero minor structure is interesting !
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2, Analysis of mass matrix

�
���
�������� �������
 ���
��
�
��������� �
���
�������

as functions of   



�"��
�������
�����#�����#

Abstract of this talk

4Kento Asai, Univ. of Tokyo The minimal gauged U(1)%& model and leptogenesis PPAP, 8/3/2018

��$�������������������

����������
��� �
���
��

������� ��	
���
�
 ����������
��

as functions of   

Leptogenesis
���
�����
!
����������

���������
�#���
�#�����#



�������
����������

15Kento Asai, Univ. of Tokyo The minimal gauged U(1)%& model and leptogenesis PPAP, 8/3/2018

3, Predictions for neutrino parameters

dark (light) red band
:  uncertainty coming from the 1σ (2σ) 

errors in the parameters
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Quasi-Degenerate 
Normal Ordering
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3, Predictions for neutrino parameters
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Sign of baryon asymmetry

Decay of right-handed neutrino	"#	

Asymmetry parameter
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function of neutrino oscillation parameters
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4, Implications for leptogenesis
Sign of baryon asymmetry
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Majorana mass          is a function of 
the neutrino Yukawa couplings    
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Asymmetry parameter

Yukawa couplings    

Sign of the asymmetry parameter 
depends on !, #
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Baryon asymmetry and asymmetry parameter

Observed baryon asymmetry of the universe

Relation between baryon and lepton generated

Sign of asymmetry parameter is negative
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� Contours show the right handed 
neutrino mass ratio !" !#⁄
� Asymmetry parameter %#	can be negative 
%# < 0 when some of the right handed 

neutrinos are degenerate in mass
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b) Scale of asymmetry parameter
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6, Conclusions
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consistent with the neutrino oscillation data. 
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which is independent of the U(1) breaking scale, for the CP phases, 
the neutrino masses, and the effective Majorana neutrino mass.
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�� U(1) gauge symmetries satisfy two zero minor condition and 
consistent with the neutrino oscillation data. 

� By analyzing two zero minor condition�we found the prediction, 
which is independent of the U(1) breaking scale, for the CP phases, 
the neutrino masses, and the effective Majorana neutrino mass.

�We found  that, for all five U(1) symmetries, the correct sign of the baryon 
asymmetry can be obtain, and it is possible that enough large baryon 
asymmetry can be obtain.
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Charge assignment

charge of

Only component in
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2, Analysis of mass matrix
Minimal gauged                      model

can be non-zero 



Two zero minor conditions

Neutrino mass ratios can be obtain as functions
of the Dirac CP phase
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2, Analysis of mass matrix
Analysis of two zero minor conditions 
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2, Analysis of mass matrix
Analysis of two zero minor conditions 

Dirac CP phase and neutrino masses can be obtain 
as functuions of the neutrino oscillation parameters



Quantum corrections to neutrino mass matrix

The two-zero minor neutrino-mass structure in our model
is robust against quantum corrections

!(1)%&'%( symmetry breaking scale   ≫ electroweak scale
Large quantum corrections break two zero minor structure 

of           ?

Result
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2, Analysis of mass matrix



The right-handed neutrinos are integrated out to give 
the following dimension-five effective operator:

@ right-handed neutrino mass scale
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2, Analysis of mass matrix
Quantum corrections to neutrino mass matrix



The renormalization group equation of the Wilson coefficient 
at one-loop level is 

with
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2, Analysis of mass matrix
Quantum corrections to neutrino mass matrix

The right-handed neutrinos are integrated out to give 
the following dimension-five effective operator:



gauge coupling
up-type, down-type, and charged-lepton 
Yukawa matrices
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2, Analysis of mass matrix
Quantum corrections to neutrino mass matrix

Higgs quartic coupling



where : initial scale

: diagonal
: diagonal
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2, Analysis of mass matrix
Quantum corrections to neutrino mass matrix
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Neutrino oscillation parameters

a) Normal Ordering (NO) 	�����������
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b) Inverted Ordering (IO) 	�����������
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Neutrino oscillation parameters



U(1)% symmetry and two zero minor structure
Five U(1) symmetries have two zero minor structure and consistent 
with neutrino oscillation data 
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3, Predictions for neutrino parameters
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3, Predictions for neutrino parameters
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dark (light) red band
:  uncertainty coming from the 1σ (2σ) 

errors in the parameters
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� !" < 0 can be obtain in large region

�!" can be negative even if the right handed 
neutrinos are not degenerate in mass
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4, Implications for leptogenesis
a) Sign of asymmetry parameter



0 π
4

π
2

0

π
4

π
2

ϕ

θ

ϵ1<0

× λe=λμ=λτ

1.11.31.52.010

0 π
4

π
2

-1×10-5

-2×10-5

-3×10-5

0

1×10-5
2×10-5
3×10-5

ϕ

-ϵ
1/λ

2

tanθ=15

tanθ=0.5

tanθ=1

����������	������
����N" 
����������������	��������
����	
����	��ϵ$ �������������

Kento Asai, Univ. of Tokyo The minimal gauged U(1))* model and leptogenesis PPAP, 8/3/2018

4, Implications for leptogenesis
b) Scale of asymmetry parameter


