
Alternatives: “Non-standard” Scenarios 

• Possible ways to avoid the tension:
• relaxing relations between lepton number asymmetry and RH nu mass                
➔ soft leptogenesis (SUSY CP phases)

• relaxing relation between TRH and RH neutrino mass                                              
➔ non-thermal leptogenesis (non-thermal production of RH neutrinos)
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having the size of the natural SUSY breaking scale
√

m̃2 ∼ O(1) TeV, a
small value for B required by the resonance condition B ∼ Γ1 ∼ O(0.1)
GeV can be obtained.

1.3.3. Non-thermal Leptogenesis

The conflict between generating sufficient leptogenesis and not overly pro-
ducing gravitinos in thermal leptogenesis arises due to strong dependence
of the reheating temperature TR on the lightest RH mass, MR1 , in thermal
leptogenesis. This problem may be avoided if the relation between the re-
heating temperature and the lightest RH neutrino mass is loosened. This is
the case if the primordial RH neutrinos are produced non-thermally. One
possible way to have non-thermal leptogenesis is to generate the primordial
right-handed neutrinos through the inflaton decay [48].

Inflation solves the horizon and flatness problem, and it accounts for the
origin of density fluctuations. Assume that the inflaton decays dominantly
into a pair of lightest RH neutrinos, Φ → N1 +N1. For this decay to occur,
the inflaton mass mΦ has to be greater than 2M1. For simplicity, let us
also assume that the decay modes into N2,3 are energetically forbidden.
The produced N1 in inflaton decay then subsequently decays into H + !L

and H† + !†L. The out-of-equilibrium condition is automatically satisfied, if
TR < M1. The CP asymmetry is generated by the interference of tree level
and one-loop diagrams,

ε = −
3

8π

M1

〈H〉2
m3δeff , (1.149)

where δeff is given in terms of the neutrino Yukawa matrix elements and
light neutrino masses as,
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Numerically, the asymmetry is given by [48],

ε ' −2 × 10−6

(
M1

1010 GeV

)(
m3

0.05 eV

)
δeff . (1.151)

The chain decays Φ → N1 +N1 and N1 → H + !L or H† + !†L reheat the
Universe producing not only the lepton number asymmetry but also the
entropy for the thermal bath. Taking such effects into account, the ratio of

Fuji, Hamaguchi, Yanagida, 2002

Inflaton decay:
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ν̃†
R1

into final states of the slepton doublet L̃ and the Higgs doublet H , or

the lepton doublet L and the Higgsino H̃ or their conjugates,
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Here the final states f = (L̃ H), (L H̃) have lepton number +1, and f

denotes their conjugate, (L̃† H†), (L H̃), which have lepton number −1.
After carrying out the time integration, the total CP asymmetry is [42, 43],

ε =

(
4Γ1B

Γ2
1 + 4B2

)
Im(A)

M1
δB−F (1.146)

where the additional factor δB−F takes into account the thermal effects
due to the difference between the occupation numbers of bosons and
fermions [44].

The final result for the baryon asymmetry is [42, 43],

nB

s
# −cs deνR ε κ ,

# −1.48 × 10−3ε κ ,

# −(1.48 × 10−3)

(
Im(A)

M1

)
R δB−F κ , (1.147)

where deνR in the first line is the density of the lightest sneutrino in equi-
librium in units of entropy density, and is given by, deνR = 45ζ(3)/(π4g∗);
the factor cs, which characterizes the amount of B − L asymmetry being
converted into the baryon asymmetry YB, is defined in Eq. 1.57. The pa-
rameter κ is the efficiency factor given in Sec. 1.2.1.2. The resonance factor
R is defined as the following ratio,

R ≡
4Γ1B

Γ2
1 + 4B2

, (1.148)

which gives a value equal to one when the resonance condition, Γ1 = 2|B|,
is satisfied, leading to maximal CP asymmetry. As Γ1 is of the order of
O(0.1 − 1) GeV, to satisfy the resonance condition, a small value for B &
m̃ is thus needed. Such a small value of B can be generated by some
dynamical relaxation mechanisms [45] in which B vanishes in the leading
order. A small value of B ∼ m̃2/M1 is then generated by an operator∫

d4θZZ†N2
1 /M2

pl in the Kähler potential, where Z is the SUSY breaking
spurion field, Z = θ2 m̃Mpl [43]. In a specific SO(10) model constructed
in Ref. [46, 47], it has been shown that with the parameter B′ ≡

√
BM1

A, B:  SUSY CP-violating phases
lose connection to neutrino oscillation

Inflaton decay:


