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ΩNi ∼ 0.2

(
sin2θ

3× 10−9

)( ms

3 keV

)1.8
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L ⊃ yijLihNj + xiφN̄
c
i Ni + λ(H†H)φ2

x2 <
mφ

MPl
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Φ

Ni (Ñi, Ni)

(φ,ψ)φ

N1

spin (0, 1/2) componentssupermultipletsfields
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Ni (Ñi, Ni)

(φ,ψ)φ

N1

spin (0, 1/2) componentssupermultipletsfields



�

L ⊃ yijLihNj + xiφN̄
c
i Ni + λ(H†H)φ2

W ⊃ yijLiHuNj + xiΦNiNi +
√
λΦHuHd

xiψNiÑi +
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φ
N1

N1

 

�

L ⊃ yijLihNj + xiφN̄
c
i Ni + λ(H†H)φ2



�

Ñ1

   

xiψNiÑi

Ñ1 → ψN1If mÑ1
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1

Ñ1 → N1H̃hif mÑ1
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ΩN1h
2(φ) ∼ 1024 x2

2π SN2,3

mN1
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ΛFS =

∫ t0

tp

⟨v(t)⟩
a(t)

dt
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ΛFS ! 0.01 Mpc,

g
0.01 ! ΛFS ! 0.1 Mpc

0.1 Mpc ! ΛFS
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mÑ1

) b
106 GeVmN1

1 MeV



108 109 1010 1011 1012
101

102

103

m Φ ! GeV

A
Φ
!m Φ warm

cold

hot

�



�

∆Neff

∆Neff =
ρN1

ρν

∣∣∣∣
T=TBBN
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∆Neff

∆Neff ≈ 10−8

S1/3
N2,3

(g∗SM/g∗BBN )1/3
Ωh2
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Tdecay

GeV
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ms = mM =
x⟨φ⟩2

M∗
ma =

m2
D

mM
=

y2⟨H0
u⟩2

xM∗

ms =
1

ma

(
y⟨φ⟩⟨H0

u⟩
M∗

)2

Mν =

(
0 ⟨φ⟩⟨H0

u⟩
M∗

Y
⟨φ⟩⟨H0

u⟩
M∗

Y† ⟨φ⟩2
M∗

X

)
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θ ≈
√

ma
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=

y⟨H0
u⟩
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M∗ = MGUT (=1016 GeV), tanβ =2 0.001<x< 2
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φ → N1 N1 Hu → N1νa

x1 = 2 x ⟨φ⟩
M∗

y1 = y ⟨φ⟩
M∗
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1.4× 10−8

)3 ( ⟨φ⟩
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⟨φ⟩ ∼ PeV

∼ ⟨φ⟩
MGUT

∼ ⟨φ⟩2

MGUT

∼ ⟨φ⟩
MGUT
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ΩN1h
2 ≃ 0.1x2

( ms

10GeV

)(
TRH MP

M2
∗

)

φφ → N1 N1, φHu → νa N1, φ νa → Hu N1, and Hu, νa → φN1
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