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Introduction
C. L. Bennett et al., Astrophys. J. Suppl. 148, 1(2003)

 Baryon number Asymmetry:

We observed,

 Fermion mass hierarchy and mixings:

However, there is NO good explanation in SM.

Therefore,  we study the dirac leptogenesis in a family 
U(1)’ model to explain those phenomena.



Dirac Leptogenesis

K. Dick, M.Linder, M. Ratz, D. Wright, PRL 84, 4039 (2000)

H. Murayama, A. Pierce, PRL 89, 271601 (2002)

Ll + Lr = 0

LlBl

LR 
Equilibration

•NO Lepton Number Violation!
•It is difficult to naturally generate 
the small Dirac Neutrino masses.



U(1)’ as a Family Symmetry
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Froggatt Nielsen Mechanism 

D. D. Froggatt, H. B. Nielsen, Nucl. Phys. B147, 277 (1979)

o     play important roles in Dirac letogenesis.

o Effective Yukawa matrices depend on the U(1)’ charge assignment.
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U(1)’ Charge
SU(5) X U(1)’
All of the anomalies are cancelled.Normalize qΦ = -1



Effective Yukawa matrices

Mass hierarchy and fermion 
mixings are obtained.

Dirac Neutrinos

All of the Majorana
Mass terms are 
forbidden by the 
U(1)’ gauge symmetry
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Freeze out

M.-C. Chen, TASI 2006 hep-ph/0703087
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Baryon Number Asymmetry
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CP Asymmetry:

1, 2  will further decay to leptons
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nBB Asymmetry:

Interference term

Abundance



Numerical Example

Fix the masses
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Degenerate Couplings
Maximal CP Phase
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Numerical Example (Cont.)

Fix the masses +
gauge coupling

005.0

10

10

10

13

14

15













 GeVm

GeVm

GeVm

Degenerate Couplings
Vary CP phase

)4sin(||]Im[ 4

1

2

2

2

1

21











1



• The non-anomalous U(1)’ symmetry can play a 
role of family symmetry which gives rise to the 
fermion mass hierarchy and mixings.

• Realistic Dirac Leptogenesis can be realized 
naturally within this framework.

Conclusion


