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How can we treat such physics with ab initio methods?
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Beyond adiabatic phonon response: NUCle] T
Treat local spin and nuclei on the same footing LOcal Spm
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Example system: I modes of Crls

Crils
Ferromagnetic insulator
(~1eV gap) w/strong SOC

R3 space group
At 1 space group has 2D irreps
—degenerate phonon modes

Time reversal is broken
Magnetic space group has only
1D irreps

—no symmetry enforced
degeneracy
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Magnon-phonon coupling

Lattice distortions couple to canting of local magnetization of Cr sites
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Magnon-phonon coupling

Lattice distortions couple to canting of local magnetization of Cr sites

G matrix elements are almost entirely recovered by treating local moments as 3/2
spins and computing corresponding the spin Berry curvature
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Magnon-phonon coupling
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The adiabatic theory assumed electrons to be fast with respect to phonons.




Magnon-phonon coupling
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The adiabatic theory assumed electrons to be fast with respect to phonons.

Time scale for the spin canting is set by the magnon frequencies
same order (optical magnon) or slower (acoustic magnon) than the phonons!




Magnon-phonon coupling: simple model
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Magnon-phonon coupling: simple model
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Magnon-phonon coupling: simple model
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Magnon-phonon coupling: simple model Adiabatic

Eg + acoustic
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Magnon-phonon coupling: simple model AT

Eg + acoustic
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Generalized adiabatic response

[T, + V(O] |y, (Q)) = €e(Q) | w.(O))

Slow degrees of freedom: nuclei positions, spin canting
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Generalized adiabatic response

[T, + V(O] |y, (Q)) = €e(Q) | w.(O))

Slow degrees of freedom: nuclei positions, spin canting

Lagrangian:
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L =5 Y MO~ @ +h Y, 0w Q)] oo, 1)

Harmonic semi-classical:
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Spin + Phonon Hessian Spin + Phonon Berry Curvature



Generalized adiabatic response

[T, + V(O] |y, (Q)) = €e(Q) | w.(O))

Slow degrees of freedom: nuclei positions, spin canting

Lagrangian: i

.0 . 0
=3 Z MO — e(Q) + Z O{y,(0) ]| 0 | y,(0))

Harmonic semi-classical:

9 - .
Mw: |n) =K+ iw G)|n)
Spin + Phonon Hessian Spin + Phonon Berry Curvature
Paper In preparation

Including “anti-chiral” phonons in antiferromagnets
See Shang Ren’s poster!



Outlook

Density functional perturbation theory (DFPT) implementation

Currently using finite differences
O O O

Beyond | point
Resonance with acoustic modes O O O O

Compute Thermal Hall conductivity, other observables

DFPT would be useful

Local spins
Currently constraining magnetization in “sphere” around site

More systematic approaches to identify low energy local spin degrees of freedom

Connect model Hamiltonians to first principles for beyond semi-classical treatment



Summary

Broken time reversal (TR) symmetry in the electronic
sector can break TR in the lattice dynamics

Requires terms beyond static forces

Nuclear Berry curvature approach yields results
consistent with magnetic space group, but can fail as

a quantitative method _ o> NS
Animated “circularly polarized”

nucle|+sp|n motion mlssmg in pdf

Developed and implemented general adiabatic
formalism for coupled magnons+phonons
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Metric term

hQ
2MI <alaw(R) |Q|81a¢(R)> 7

=1 — R R)|,
Q Y(R))(Y(R)| G, = 2hIm( oy, | oy,

OR; ' OR.

A(R) =

)

Doesn’t break time reversal

Factor of nuclei mass M; means this is typically much smaller than ¢(R)

2nd order derivatives (for phonons) involve high order derivatives of | er>



