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ALP— from Baryogenesis to Direct Detections

%1% (AERIMEKXF)




Outline

@Baryogenesis induced by the axion-like particles

¥ Majorogenesis (Axiogenesis)

¥ Axion-inflation Baryogenesis

2)New 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 tothe ALP

Axion potential

' 3R] DL/R ALSB RS FRIE RIS on 53 0] L
: i SU(N) — SU(M) x U(1) pg }
|
|
| L
o n;_'\ }‘ M AN 2 [ ‘U z
| ; F—JJ\J mﬁijgfﬁﬂqm?uuﬁ”ﬁ% U(l)x " U(l)y i U(l)B—L < U(I)PQJ
| al R
| A
| R
: IsEJ PQHWTEEE@K%—%%BE)E: i?::gding PQ symmetry into SO(10), E6 GUT ]
' i
K EI AR V() PQIRERE B 1EF . i :
o 0 - Eﬁiﬁdvﬁ%ﬂ‘%ﬁ%, Majoron mass from U(1)L breaking interactions. J

Heﬁ'

Ocrr # 0 » CPV minimum

WEI CHAO 3



Majoron & neutrino mass via type-l seesaw

Type-l seesaw + spontaneous breaking U(l); symmetry
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Majoron interactions and Majoron mass

Field-dependent phase transformation
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Majoron interactions and Majoron mass
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Mass insertion of right- (a) (b) (©) (d)
handed neutrino masses: Q C:, Ii EI %:3
(e) (f) (9) (h)

Before symmetry breaking: M =m

After symmetry breaking: :faYM/\/z +m
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Majoron mass and its relic density

Majoron mass:
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EOM e ' 1 dVa Different oscillation
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f2 do temperature
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Majoron mass and its relic density
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Baryon asymmetry of the universe

Weinberg operator

LNV % LNV carried by 9 H Non-zero B-L

Chern-Simons operator

Non-zero B-L % BAU

Sehemas |

2

1 a 3g a4 -~
. : . glnt D _ffHH, glnt D _WW
Key: {p i Nr y Nr i g 2M f, 642 f,

WEI CHAO



Baryon asymmetry of the universe

Transport equations a af : n' fa 2 n’ i ne H(T)
uati - — — | = —— S — =) - :
port &4 dinT \ T g & Ef i\T) ST

Source term:
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_ _ " 0.05eV
Weinberg operator decoupling temperature: Ty ~6X 10“GeV X .
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Baryon asymmetry of the universe
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Axion-inflation triggered baryogensis

O Original idea : Alexander, Peskin, Sheikh-dabbari, PRL 2004

|
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RR production during
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3 . -
ol B

~ Net lepton number density after
O 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, g(¢)FF.
o Hyper-magnetic field may survive to the EWPT, resulting in net BAU (JHEP12(2017)011)

axion inflation
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Axion-inflation triggered baryogensis

e Axion inflation with interactions

e Production of gauge fields during inflation: ( n* —a a]ib 80/’“’”06) A =0
T a
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Axion-inflation triggered baryogensis

e Axion inflation — ¢g-¢ — g5 e Chern Simons number:
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d U 1
Transport equations: — — | = —
dinT \ T g;
Interaction WS SS Y. Y, Y.
Lo/T* SKWsQ3 | 3Ksse3 | Ky, Ys Ky, Yp. Ky, Yz
T, [GeV] | 6.0 x 1012 | 2.5 x 1012 | 2.8 x 101% | 1.1 x 10° | 4.7 x 10° | 1.3 x 10'?
Interaction Y. Y. Y; Y, Y, Y3
Lo/T* KY, Yu Ky, Yo KY, Yt Ky, Ya Ky, Ys Ky, Ui
T,[GeV] | 1.0x 10 | 1.2 x 10! | 4.7 x 10'° | 4.5 x 10° | 1.1 x 10° | 1.5 x 1012
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Axion-inflation triggered baryogensis

e From chiral fermion asymmetries to the BAU
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Axion-inflation triggered baryogensis

Inflation
o FF: U(1),_ gauge field vV * J—E_
Non — zero BAU

10" 109 10/ 10* 10 1079 107 104
T [GeV] * e
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Axion-inflation triggered baryogensis

o FF: U(1)g gauge field v M— * AE_E_

Inflation
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Axion-inflation triggered baryogensis

.>4ELI!_

Non — zero BAU

10" 1070 10’ 10* 10 1070 107 104

T [GeV] T [GeV]
WEI CHAO 19



Outline

@Baryogenesis induced by the axion-like particles

¥ Majorogenesis (Axiogenesis)

¥ Axion-inflation Baryogenesis

2)New 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

WEI CHAO

20



Majoron interactions from anomaly
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Direct detections of Majoron DM

Differential event rate

Boosted Majoron by supernova v
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Difterential event rate(axioelectric)
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Energy deposited w

Direct detections of Majoron DM

Direct detections in condensed

matter systems

DM mass|DM energy or momentum CM scale
50 MeV Dy ~ 90 keV zero-point ion momentum in lattice
20 MeV E, ~ 10 eV atomic ionization energy
2 MeV E, ~1eV semiconductor band gap
100 keV b, ~ 50 meV optical phonon energy
oV - 2 2
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i p m,4mzs e
eV Optical phonons/ N\
g Imll(w)
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eV keV MeV a)

Momentum transfer q

Absorption rate for photon in material
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Phonon (quasiparticle) in Superfluid

Helium-4:
the spontaneous breaking of the U(1)
symmetry as well as the breaking of the

boosts and the time translations iIin the
superfluid He-4.

A Goldstone-like particle from

Action of phonon field
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Detecting light DM using superfluid

Momentum (A™")
0 T T T T 1 T T T T 2 T T T T 3

- quasi-particles

— stable — 145

Energy (meV)

0_0....l.........l...Il.....,_,_.,‘_
0 1 2 3 D, 4 5 6

Momentum (keV)

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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DM electromagnetic form factors in superfiuid

A 1

- . _ i} i .1 .
Lagrangian: S« = / d*x |y (ig = my)x — &gy x @ Fuu = Brr' X Fuu = SX0" X F = 7 Gayy@F u I = 2 oy aF " + Hoc,

1 1 1 '
+ g Fu k" =2 aX)F W F* = S b(X)FWF;0,$0,0 |,

a: charge radius; [/: Anapole moment; /: magnetic moment.

Feynman diagram for DM- q
Helium scattering: OB [T b (w06 -+ o),
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ayy’ coupling: (1) No DD constraint
already strong constraint on g ..
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Detecting ALP usmg superﬂmd

I Supernova Trapping

BBN

Superfluid

Supernova Emission

FSt constraints from DD exp.
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Summary

Interesting phenomenologies can be induced

Issue-I:
by axion-like particles, such as dark matter
and the baryon asymmetry of the universe.
How to directly detection axion-like particles
Issue-I|I iIs an open question. In addition to the

WEI CHAO

traditional cavity experiment, we explore
possible strategy that may detect exotic ALP
interactions.

Thank you for your attention!
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