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①Baryogenesis induced by the axion-like particles

Majorogenesis (Axiogenesis)            

Axion-inflation Baryogenesis             

②New attempts to  the detection of axion-like particle

Phonon signal for ALP that has to axion-diphoton coupling  

Phonon signal for ALP that couples to photon and dark-photon
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Quality problem  and a chance to the ALP
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Majoron & neutrino mass via  type-I seesaw

ℒBSM = (∂μΦ)
†
(∂μΦ) + μ2

ΦΦ†Φ − λ1(Φ†Φ)2 − λ2(Φ†Φ)(H†H) −[YNℓLH̃NR +
1
2

NC
R (YMΦ + m) NR + h . c . ]

Type-I seesaw + spontaneous breaking    symmetryU(1)L

H =
ϕ+

vϕ + ϕ + iχ

2
Φ =

vs + s̃ + iã

2 ã : Majoron

4

Yukawa Interaction −YNℓLH̃NR → MD = YNv/ 2

Key term: mNC
R NR + h . c .

LNV term!

Quantum  Gravity effect!



WEI CHAO

Majoron interactions and Majoron mass
Field-dependent phase transformation
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ℓL → e− ia
2f ℓL

ER → e− ia
2f ER

S → e+ ia
f S

H → H }
1
2

e−iθNC
R mNR + h . c .NR → e− ia

2f NR →

ℒ → ℒ −
a
2f

∂μ (ℓLγμℓL + ERγμER)
= ℒ −

a
2f

∂μJL
μ

= ℒ +
a
2f

Nf

32π2 (g2Wa
μνW̃μν,a − g′ 2Bμν B̃ μν)
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Majoron interactions and Majoron mass
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1
2

e−iθNC
R mNR + h . c . ⟶

Mass insertion of right-
handed neutrino masses:

Before symmetry breaking: M = m

After symmetry breaking: M = faYM / 2 + m

Va ∼ −
1

16π2

4

∑
n=1

an cos nθ .
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Majoron mass and its relic density
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m2
a =

1
f 2
a

d2V
dθ2

=
1

16π2f 2
a

a1 + 4a2 + 9a3 + 16a4 .

from U(1)L

Initial velocity: 

(Noether theorem)

Majoron mass:

EOM

In the traditional 
misalignment mechanism 

·θi = 0

··θ + 3H ·θ +
1
f 2
a

dVa

dθ
= 0, Different oscillation 

temperature
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Majoron mass and its relic density
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Baryon asymmetry of the universe 

9

LNV → LNV carried by  ·θ → Non-zero B-L

Weinberg operator
Chern-Simons operator

Non-zero B-L → BAU

ℒint ⊃
1

2M
a
fa

ℓℓHH,

Sehemas

ℒint ⊃
3g2

64π2

a
fa

WW̃
Key:
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Baryon asymmetry of the universe 
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Transport equations: −
d

d ln T ( μi

T ) = −
1
gi ∑

α

nα
i

γα

H ∑
j

nα
j ( μj

T ) − nα
S

·θ(T)
T

,

Source term: (nWS
S , nW12

S , nW3
S , nSS

S , nYτ
S , nYt

S , nYb
S ) = ( 3

2
,1,1,0,0,0,0) .

Weinberg operator decoupling temperature: TW ≃ 6 × 1012 GeV × ( 0.05 eV
mν )

2

.
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Baryon asymmetry of the universe 
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 With  Ying-Quan Peng, 2023
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①Baryogenesis induced by the axion-like particles

Majorogenesis (Axiogenesis)

Axion-inflation Baryogenesis

②New attempts to the detection of axion-like particle

Phonon signal for ALP that has to axion-diphoton coupling 

Phonon signal for ALP that couples to photon and dark-photon
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Axion-inflation triggered baryogensis
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Original idea : Alexander, Peskin, Sheikh-Jabbari, PRL 2004  

∂μJμ
l =

3
16π2

RR̃

S = ∫ −g [ 1
2

∂μϕ∂μϕ − V(ϕ) − F(ϕ)RR̃]  production during 
axion inflation

RR̃

✚
Net lepton number density after 

inflation!

Net number densities of SM particles can be produced via the axion-inflaton that couples to the 
Hyper U(1) gauge field via the Chern-Simons interaction,   . 
Hyper-magnetic	field	may	survive	to	the	EWPT,	resulting	in	net	BAU	(JHEP12(2017)011)

g(ϕ)FF̃
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Axion-inflation triggered baryogensis
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• Axion inflation with interactions

ℒint =
α
4π

ϕ
fa

Fμν F̃ μν

• Production of gauge fields during inflation: ( □ ημν − a
α ·ϕ
πfa

ε0μσν∂σ) Aν = 0

Ak
λ(τ) =

eλπξ/2

2k
W−iλξ,1/2(2ikτ)

A(τ, x) = ∑
λ=±

∫
d3k

(2π)3 [Aλ(η, k)ελ(k)aλ(k)eik⋅x + h . c . ]

[ ∂2

∂η2
+ k(k + 2λξaH)] Aλ(η, k) = 0
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Axion-inflation triggered baryogensis
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• Axion inflation → qCS → q5

nf,σ = − ϵσNf,σ
g2

X

8π2a3
nCS = − ϵiNi

g2
X

2(2π)4
H3𝒦(ξ)

• Chern Simons number:

nCS ≡
1

(2π)2
𝒦(ξ)a3H3

• Chiral fermion asymmetry during reheating

=
1

(2π)2 ∑
λ=±

λeiκλπ ∫ τ̃3d ln τ̃W*κλ,μ(−2iτ̃)Wλσ,μ(−2iτ̃)a3H3
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Axion-inflation triggered baryogensis
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• From chiral fermion asymmetries to the BAU

Transport equations: −
d

d ln T ( μi

T ) = −
1
gi ∑

α

nα
i

γα

H ∑
j

nα
j ( μj

T ) ,
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Axion-inflation triggered baryogensis
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Axion-inflation triggered baryogensis
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Axion-inflation triggered baryogensis
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• : U(1)B-L gauge field   ✓ FF̃
ℓL

Inflation
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①Baryogenesis induced by the axion-like particles

Majorogenesis (Axiogenesis)

Axion-inflation Baryogenesis

②New attempts to the detection of axion-like particle

Phonon signal for ALP that has to axion-diphoton coupling 

Phonon signal for ALP that couples to photon and dark-photon
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Majoron interactions from anomaly 

−ℒYukawa = yαβℓαc
L iτ2Δ′ ei a

fa ℓβ
L + h.c.

−ℒint ⊃
λ

2
fae

i a
fa ΦTiτ2Δ†Φ + h . c . .

Schemas
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ℓL → e
−ia
2f ℓL

ER → e
−ia
2f ER

−ℒYukawa = yE
αβℓα′ 

L He
ia

2fAEβ
R + h.c.

} →
ℒ → ℒ −

a
2f

∂μ (ℓLγμℓL + ERγμER)
= ℒ −

a
2f

∂μJL
μ

= ℒ +
a
2f

Nf

32π2 (g2Wa
μνW̃μν,a − g′ 2Bμν B̃ μν)

Δ → Δe−i a
fa
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Direct detections of Majoron DM
Boosted Majoron by supernova ν
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Direct detections of Majoron DM
Direct detections in condensed 

matter systems
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Combined Constraints
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Red giants

XENONnT(axioelectric)

XENONnT(solar axions)

Solar neutrinos

Si (1kg·yr)
Ge (1kg·yr)Al (1kg·yr)

Si (1ton·yr)
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Al (1ton·yr)

R ∼
1
ρ

ρa

ma

3m2
a

4m2
e

g2
aee

e2
⟨neσabsvrel⟩γ

⟨neσabsvrel⟩γ = −
ImΠ(ω)

ω

Absorption rate for photon in material
with M. Jin, H.J. Li, Y.Q. Peng and Yue Wang  2022
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①Baryogenesis induced by the axion-like particles

Majorogenesis (Axiogenesis)

Axion-inflation Baryogenesis

②New attempts to the  detection of axion-like particle

Phonon signal for ALP that has to axion-diphoton coupling 

Phonon signal for ALP that couples to photon and dark-photon
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Detecting light DM using superfluid
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Phonon (quasiparticle) in Superfluid 
Helium-4： A Goldstone-like particle from 
the spontaneous breaking of the U(1) 
symmetry as well as the breaking of the 
boosts and the time translations in the 
superfluid He-4. 

Sint ∼ ∫ d4x
μ
n̄

cs ( μ2

2
db
dμ

+ μb) ·πF0ρF0
ρ − μb∂jπFijF0i +

b
2

μ
n̄

cs∂μπ∂νπFμρFν
ρ

Action of phonon field

Phonon-photon conversion 
in external electric field 

• A. Caputo, A. Esposito, E. Geoffray, A. D. Polosa, and S. Sun, Phys. Lett. B 802, 135258 (2020),  arXiv:1911.04511 [hep-ph]. 
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Lagrangian:

: charge radius;  : Anapole moment;   : magnetic moment.α β λ

Feynman diagram for DM-
Helium scattering:

DM electromagnetic form factors in superfluid
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Detecting  ALP using superfluid
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 coupling:  (1) No DD constraint on this coupling ; (2) There are 
already strong constraint on  .
aγγ′ 

gaγγ With S. Sun, X. Wang,  and C.H. Xie,   2024  

Best constraints from DD exp.
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Summary
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Issue-I:

Issue-II

Interesting phenomenologies can be induced 
by axion-like particles, such as dark matter 
and the baryon asymmetry of the universe.

How to directly detection axion-like particles 
is an open question. In addition to the 
traditional cavity experiment, we explore 
possible strategy that may detect exotic ALP 
interactions.

Thank you for your attention!


