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Axions in Condensed Matter Physics
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Axions in Condensed Matter Physics
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Axions in Condensed Matter Physics

@ can be still & allowed by

symmetries of the magnetic point
group (but it is not guaranteed to be

quantized)
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TOPOLOGICAL MATTER

Quantized Faraday and Kerr rotation
and axion electrodynamics of a 3D
topological insulator

Liang Wu,'* M. Salehi,? N. Koirala,” J. Moon,* S. Oh,® N. P. Armitage'*

Axion insulators (static)

Aa (urad V™' nm)

Dynamical axion insulators
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Axion: (Any) light pseudo scalar particle
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Axion: (Any) light pseudo scalar particle
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Weyl semimetals: Emergent chirality

(a) Dirac semimetal (b) Weyl semimetal
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Weyl semimetals: Emergent chirality
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Axionic CDW instability in Weyls: Breaking chirality
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Axionic CDW instability in Weyls: Breaking chirality
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Axionic CDW instability in Weyls: Breaking chirality

How to get this axion phase mode from microscopics

We have a symmetry breaking pattern here, Chiral U(1): Mean field theory
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Axionic CDW instability in Weyls: Breaking chirality

How to get this axion phase mode from microscopics

We have a symmetry breaking pattern here, Chiral U(1): Mean field theory
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Axionic CDW instability in Weyls: Breaking chirality

How to get this axion phase mode from microscopics

We have a symmetry breaking pattern here, Chiral U(1): Mean field theory
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Axionic CDW instability in Weyls: Breaking chirality

How to get this axion phase mode from microscopics
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Axionic CDW instability in Weyls:
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Dynamical axion insulators: Experimental status

J Gooth et al Nature 575, 315 (2019)
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Dynamical axion insulators: Experimental status
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Dynamical axion insulators: Experimental status

F Tang et al. Nature 569, 537 (2019)
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Dynamical axion insulators: Experimental status
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Dynamical axion insulators: Experimental status
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Dynamical axion insulators: Chemical potential

Weyls under B fields have been extensively studied since 2015 and MC appears with
any finite B field. Why is not observed? Finite chemical potential
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Dynamical axion insulators: First order phase transition
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Dynamical axion insulators: 1st order (Q)PT and nucleation
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Dynamical axion insulators: 1st order (Q)PT and nucleation
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Dynamical axion insulators: Hysteresis
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Dynamical axion insulators: Hysteresis
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Dynamical axion insulators: Hysteresis
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Dynamical axion insulators: More experimental status

Ferromagnetic metal - Ferromagnetic insulator
K2 CT8016 phase transition!
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Dynamical axion insulators: More experimental status
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Dynamical axion insulators: Hysteresis

In the previous theory, we have made the important assumption that all
symmetry broken bubbles choose the save value for 0
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Dynamical axion insulators: Hysteresis

In the previous theory, we have made the important assumption that all
symmetry broken bubbles choose the save value for 0
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Dynamical axion insulators: Hysteresis
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diffusive metal

As each bubble represents a topologically ‘l'xz
distinct insulator, but as T (and |) are broken, =
no symmetry enforce the domain walls to L

host boundary modes,

Bulk might remain insulatin
g g ZD Song et al. PRL 127, 016602 (2021)

But this is | invariant, implying
Might gapping the axions pin the percolating boundary modes and
value of (; ineach bubble? diffusive metallic phase



Conclusions

- Dynamical axionic phases are complicated to observe in condensed
matter systems as well

- Magnetic catalysis might help out, but chemical potential competes
against so 1st order transition is predicted

- Nucleation theory predicts a rather “universal” hysteresis behavior
that permeates to several measurable properties

- This theory is based on the growth of a single bubble, but many
bubbles can be produced: Randomized theta vacuum

Thank you!



