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Baryogenesis & DM from the same origin?
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Connection to 
neutrino mass

Majoron 𝜃 ≡
𝑎

𝑓𝑎
in Seesaw Model with 𝑈 1 𝐵−𝐿

𝓛𝜽 = ∑𝒙𝝍𝝏𝝁𝜽 ഥ𝝍𝜸𝝁𝝍

DM from classical 
oscillation of 𝜃, ሶ𝜃

𝜌DM
𝑠

= 𝑚𝑎

𝑛𝑎
𝑠
= 𝑚𝑎𝑌𝜃 ≈ 0.44eV

Spontaneous Baryogenesis 
in the background of  ሶ𝜃 ≠ 0

𝑌𝐵 =
𝜇𝐵𝑇

2

𝑠
∼

ሶ𝜃

𝑇
𝑇𝐵

∼ 10−10

𝑽𝒏 =
𝟏

𝒏𝟐
𝒎𝒂

𝟐𝒇𝒂
𝟐 𝟏 − cos 𝒏𝜽  

Cohen-Kaplan, ’87, ’88

𝓛𝑵 = 𝒚𝝂𝒍𝑯𝑵 +
𝟏

𝟐
𝚽𝐍𝐍 + 𝐡. 𝐜. ⇐ 𝚽 =

𝒇𝒂

𝟐
𝒆𝒊𝜽



 pNGB of 𝑈 1 𝑃𝑄

 B+L is generated when WS/SS is in

equilibrium:

 𝑌𝐵,𝐵+𝐿 frozen at 𝑇𝐵 = 𝑇𝐸𝑊

 pNGB of 𝑈 1 𝐵−𝐿

 B-L is generated when LNV is in 

equilibrium

 𝑌𝐵,𝐵−𝐿 frozen at 𝑇𝐵 ∼ Max(𝑀𝑁, 𝑇𝐸𝑊)
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ℒ =
𝑎

𝑓𝑎
𝐹 ෨𝐹

ℒ = 𝑦𝜈𝐿𝐻𝑁 +
1

2
𝑀𝑁𝑁𝑁 +

ሶ𝑎

𝑓𝑎
∑𝜓 𝑥𝜓 ത𝜓𝛾0𝜓

WS:𝑁𝑔 3𝜇𝑞 + 𝜇𝑙 = 𝑐𝑊 ሶ𝜃

SS:𝑁𝑔 2𝜇𝑞 + 𝜇𝑢𝑐 + 𝜇𝑑𝑐 = 𝑐𝑆 ሶ𝜃 LNV: 𝜇𝑙 + 𝜇𝐻 = 𝑥𝑙 ሶ𝜃

𝑌𝐵 = 𝑐𝐵 𝑌𝜃
𝑇𝐸𝑊
𝑓𝑎

2

𝑌𝜃 =
𝑛𝜃
𝑠
=

ሶ𝜃𝑓𝑎
2

𝑠

Co-Harigaya, 1910.02080 

⇒ 𝑚𝑎 =
0.44eV

𝑌𝜃
≈ 10−9 eV

1011GeV

𝑓𝑎

2

𝑌𝐵 = 𝑐𝐵𝑌𝜃
𝑇𝐵
𝑓𝑎

2

⇒ 𝑚𝑎 =
0.44eV

𝑌𝜃
= 0.44eV

𝑐𝐵
𝑌𝐵

𝑇𝐵
𝑓𝑎

2

⟺𝑚𝑎∼
𝑚𝜋𝑓𝜋

𝑓𝑎
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
ሷ𝜃 + 3𝐻 ሶ𝜃 +𝑚𝑎

2 sin𝜃 = 0

ሶ𝜽 ∼ 𝑻𝟑
𝝆𝜽 ∼ 𝑻𝟔

sin𝜽

trapping at 𝐻 < 𝑚𝑎
ሶ𝜃 ≈ 𝑚𝑎

𝝆𝜽 ∼ 𝑻𝟑

𝜌𝜃 = 𝑓𝑎
2
1

2
ሶ𝜃2 +𝑚𝑎

2 1 − cos𝜃

Co, Hall, Harigaya, 1910.14152




ሷ𝜃 + 𝐻 ሶ𝜃 +𝑚𝑎

2 𝑇 sin𝜃 = 0
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𝑯 ∝ 𝑻𝟐
𝒎𝒂 ∝ 𝑻𝟑/𝟐

ሶ𝜽 ∝ 𝑻

𝒏 = 𝟓

oscillationOscillation
after trapping

𝑯 𝑻𝟎
≈ 𝒎𝒂(𝑻𝟎)

sliding
Baryogenesis  

𝑓𝑎 𝑇 = 𝑓𝑎0 1 +
𝑇2

𝑇𝑐
2 𝑚𝑎

2 𝑇 = 𝑚𝑎0
2

𝑓𝑎 𝑇

𝑓𝑎0

𝑛−2

 𝑉 Φ, 𝑆 = 𝜆𝜙 Φ 4 − 2𝜆mix Φ
2 𝐻 2 +⋯

𝑚𝑎0 ≈
5eV

𝐶
1
9 5𝜃𝑖

4
9

108

𝜆mix/6𝜆𝜙

5
9

𝑓𝑎0 ≈ 3 ⋅ 106GeV 𝐶
1
18 5𝜃𝑖

2
9
𝜆mix/6𝜆𝜙

108

5
18



Type-I seesaw model with majoron provides an 

affordable framework for the simultaneous generation 

of baryon asymmetry and dark matter enjoying freedom 

with the parameters 𝑚𝑎, 𝑓𝑎, 𝑀𝑁 .

Trivial extension to any seesaw models?

PQ Symmetry non-restoration for cogenesis?
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