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In this talk, we consider leptogenesis by
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We discuss:

(1) leptogenesis below EWSB scale (T < T¢)
without resonance condition,

(2) source of CPV is in the Higgs sector.
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*Consider a Froggatt-Nielsen type model by Higgs doublets
with U(1) charge assignment

H,:0 Hg:1, L;:—-3, Nr;:0
U(1) invariant Yukawa terms are given by
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where (ni}) = 3. Mass hierarchy: (MQ ) =" =107 2"

[y” ~ O(1) and rea,l,]M ~ 1TeV.
No CPV 1n Yukawa

L, = y%NRiLLjHu (

[ (My);; = Mydiag(0.5,1.25, 1.5)) with My = 1 TeV

No Degeneracy




*Expanding the Higgs part (¢ = v? /M?),
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mass term effective Yukawa interactions

*Higgs potential 1s given by
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Source of CPV (m?, A are complex.)

Mass matrix of neutral Higgs bosons )2 are diagonalized
by orthogonal matrix O(ImA\)

OTMZ0O = diag(m?2,,m2,,m2,,0), h = O(Im\)T Hy




eEffective Lagrangian in the mass eigenstate:
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eThree-point vertex: vV ~ Z v Cupchghphe
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Effective Yukawa couplings A, B are complex
because of ImA from Higgs potential, which is
the source of CPV.
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3. Leptogenesis
*We consider leptogenesis by the effective Yukawa couplings

3
\/ a 1 a
Lo=> Y NPL(Uyv), (Aijha + ;Bijbhahb> +c.c.
) b=1

3
Z)jzl a/?
3

V~ v Capchahphe

a,b,c=1

Uy, VL
Ngr A/ n Ngr B/“U/h

vC
Interference between these diagrams generates CP asymmetry.
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*We give a numerical example.
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[ (MN)’ij = MNdI&g(UE), 125, 15),]\!’11]}1 MN =1 TeV

No Degeneracy
A1 = 1.0, da =0.5, ImXs # 0, V~ A\s(H,Hg)* + c.c.
m? = (300GeV)? + 2iv°sgcglmAs, others = 0.

Higgs boson masses are given by
hi ~ 200GeV, hg ~ 480GeV, hg ~ 440GeV.

[Im)\g is the only source of CPV. j

—> CP asymmetry




CP asymmetry € = e(N; — v;h)
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We can obtain large CP asymmetry

[0<e<10—3j

by taking appropriate value of ImAs5 .

— Boltzmann eqs.




*By solving the Boltzmann Eqgs. for N;, A;(= B/3 — L;)
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we obtain B-L asymmetry (nx = nx/n,).
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— Sphaleron




eSphaleron process forT < T:
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eBaryon and Lepton asymmetry:
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* Lepton asymmetry i1s generated at 2z = Zz..
* Sphaleron converts?z, — 7}B in the region 2c < 2 < 24 .

* Sphaleron processes are switched off at z = zq.




4. Conclusions
We have discussed Higgs-dependent Leptogenesis:

(1) leptogenesis occurs below EWSB scale (T < T¢),
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(2) source of CPV 1s in the Higgs sector,

(3) large CP asymmetry (0 < ¢ < 107°) 1S
generated without resonance condition,

(4) sphaleron converts 7y, — Tpfor z. < z < z4,

(5) and we can get baryon asymmetry.
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