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Can axions induce the Berry phase?
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Berry Phase in Axion Physics
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Berry Phase in Axion Physics

( Scenario I: vector’s direction changes with time

H({t) = V(@) -) l

Scenario ll: vector’s magnitude changes with time

Scenario |: Take the axion-fermion system as an example

| Two scenarios are applicable for both systems

Scenario ll: Take the axion-photon system as an example
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Scenario One: Direction
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Proton Ring Experiment
Graham et al. 2017, PRD
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Assume 7], is a constant

| Axion mass is very small
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Scenario One: Direction

Q: Why the Berry phase is so small { Rotation Effect
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gf /fa
A: Very large Standard Model background l Berry ~ @( B—w| )

Electromagnetism Effect

Resonance Condition
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Scenario Two: Magnitude

« Focus on the situation where 7, changes with time

« Assume photons propagate along the 7 direction

H, = Z’?g(t)( _()l) — o (%Aa) _Sin(j];Aa)

SIn (%Aa) COS (%Aa)

where Aa(?) = a(t) + At

U(f) =
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“Berry mZﬁl a(T) = a0} m phase must be zero for a
closed loop.
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Scenario Two: Magnitude

e Quantization of the axion: shift symmetry Choietal. 2024, PRL

a(t + T) = a(t) + 22N, f,

f‘ g 3 )
b 5Bmy=m# [a(T) — a(0)|
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The non-zero winding number can be realized
by the axion string, axion domain wall, etc.

Jain et al. 2021, JCAP
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Application of The Berry Phase

+ g, Isrelated to the generalized symmetry et al 2024, PRL
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i Generalized symmetry research
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Conclusion

« We perform a systematical study on the Berry phase In the
axion physics.

 We find the unified form of axion-fermion and axion-photon
Hamiltonian and research two different scenarios

 Measuring the Berry phase which can help us understand
the generalized symmetry of the axion.

Thank Youl!
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Generalized ( K

Symmetry l
Non-Invertible Symmetry — 36F %0 (mod 6)

K = gcd(6,36F) Choi et al. 2024, PRL
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* The Lagrangian in axion physics
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| In the Berry phase
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For a non-degenerate quantum system with time
reversal symmetry, the Berry phase must be zero.

Baggio et al. 2017, JHEP
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Time reversal
symmetry

f=-¢

No Berry phase
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Proton Ring Exp Photon Ring Exp

Optical Fiber /
Optical Microcavity

How to make | Electromagnetic

particles move Field Optical Fiber

How to probe | Mesure protons’ | Measure photons’
the axion field spin polarization

How to salisty | o tromagnetic Birefringence
the resonance Field Medium

condition
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 New Hamiltonian

If 7 IS proportional to SZ , the first and second terms of I—le

could cancel out, and ﬁ}, will be dominated by the axion term
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The optical medium we want is just the birefringence medium

Q1
Resonance Condition Q) = —

2e,

Q) : photons’ angular velocity All parameters can be
tuned experimentally

@ : photons’ energy
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 Theoretical prediction

- 7]}/ / gydta
— H, = f - photons’ motion time
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J p _
a=1.63%x 107" rad x gyf 1 \/ > ( t )
10-12 GeV \/ 0.3 GeV-cm-] I's

° Experimental preCiSiOn : 10_9 rad Rowe et al. 2017, Rev.Sci.Instrum.
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It Is promising to probe the axion by the photon ring experiment !
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