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History and progress

QCD Axion Kinetic Misalignment mechanism & Axiogenesis
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History and progress

Trapped Misalignment mechanism : initial 0 ~ 7

. L. Di Luzio, B. Gavela, P Quilez, A. Ringwald, JCAP 10 (2021) 001

Hilltop Misalignment mechanism : initial 0 ~ 7
° Raymond 1. Co, Eric Gonzalez, Keisuke Harigaya, JHEP 05 (2019) 163

Acoustic Misalignment mechanism: Fluctuations of &

° A. Bodas, R.T. Co, A. Ghalsasi, K. Harigaya and L.T. Wang, JHEP 08(2025)131

Thermal Misalignment mechanism: new thermal potential term

* B. Batell, A. Ghalsasi, Phys. Rev. D 107(2023)L091701 * Y Zhang, PRL, 132(2024)8, 081003
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Outline

In this talk, we focus on the axion misalignment mechanism in the
presence of exotic axion mass generation mechanism, and In the
presence of primordial magnetic field.

e Scenario-2 : Axion misalignment mechanism with specific ALP mass generation mechanism

Wei Chao, Mingjie Jin, Hai-jun Li, Ying-quan Peng and Yue Wang, Phys.Rev.D 109(2024)115027

e Scenario-3 : Axion misalignment mechanism in the presence of primordial magnetic field

Wei Chao, Chang-jie Dai, arXiv: 2604.02012
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https://arxiv.org/abs/2604.02012

ALP mass via the type-ll seesaw mechanism

Type-ll seesaw + spontaneous breaking U(l); symmetry

2, ot F o2 LNV term!
V(S,®,A) = V(D,A) — ug(§'S) + 44(5'S)
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ALP mass via the type-ll seesaw mechanism

Sequential breaking of various symmetries

Majoron massive! massless Majoron!
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ALP masses

Majoron mass should arise from cosine like potential!
{, —>e ¢, S—e'7S

~ P D ueudli, Afd +h.c..
After electroweak
symmetry breaking

H-—-H )
VeV a
- LD O7A Cos (—)

la _la
E, — e YEj, A—>e 7TA

Non-zero Majoron mass
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ALP oscillation timeis relevant to EW scale!
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ALP Relic Density
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https://arxiv.org/abs/2604.02012

Magnetic field in the early universe

Mechanisms for the production of primordial magnetic field

O PMF can be generated during the pseudo-scalar inflation, ¢, with the
O —~
4rf, |

O PMF can be produced from the axion oscillations.

Chern-Simons interaction,

O PMF can be generated from phase transitions in the early universe.

O PMF can be generated from graviton.

Redshifted as (1 + Z)_2
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Axion dynamics in the presence of the PMF

Action J‘d“x\/ (() $)( ") — V(@) ——ng F
Equation of motion 9,0 +2%0,¢ + a’m;p = g a "E* - B*
Helicity h* = lim LJchA* B* ,
Visoo V*
. oh* 1 [ . :
Evolution EQ = lim — [d’x (-2E*-B*).  Crucial for solving
o  Visco V*

EOM of the axion!
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Chiral Magnetic Effect

CME: When a medium with a chiral asymmetry is exposed to a magnetic field there is an
induced electric current.

¢ Electric current induced by magnetic field in usual media? NO!

| | Chirality of fermions
P:j—-—-j] E—--F B->B

In the presence of a parity odd quantity, electric current can be induced! “w . B
p > <€ p
- - - . .. left-handed «—— right-handed
Chiral chemical potential can be generated due to topological transition. Parity
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In the presence of magnetic field, electric aﬂ ] = 5 FF — J = Hs B J <1
current is generated 32w 2712 "
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Chiral Magnetic Effect

@finite T: Lagrangian/Action for hyper magnetic field in the presence of chemical potential
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EOM for helicity and the energy density
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EOM for chemical potentials

Interaction | Weinberg WS SS Ye Y, Y; | | .;4__ ; :
2 : : : -~ Weinberg op. ' .
Lo/T? KW —4 SKWSQ) SKSSQ3 Ky, Yz KY. Y Ky,y> | fee--- et i
EW ﬁ I ﬁ ﬁ i ﬁ
f f I_meakf sph.
T, [GeV] | 6.0 x 102 | 2.5 x 1012 | 2.8 x 10™® | 1.1 x 10° | 4.7 x 10° | 1.3 x 102 R L T _ _
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| _ | | | 107 10® 10 10" 10° 107 10° 103
Valerie Domck, Yohel Ema, Kyohei Mukail and Masaki Yamada, JHEP
08(2020)096

* Toy scenario: Assuming all interactions except right-handed electron are in thermal equilibrium
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Numerical results
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Numerical results
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Conclusion

Axion misalignment mechanism is curial for evaluation of
the axion relic abundance. There are still several effects
need to be clarified for this mechanism:

. Axion misalignment mechanism is relevant to mass
generation mechanism of the axion.

. Axion misalignment mechanism is relevant to the
evolution of the PMF and Chiral asymmetries.

Thank you for your attention!
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