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Dynamical multiferroicity
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* Magnetization is induced by time-dependent
polarization ;P - M

* Phonons can carry orbital angular momentum

e Circular ionic motion can generate effective
magnetization
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Orbital magnetic moments of phonons
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Compound Vo Z d/dy N Iph M AQ/Q
Rocksalt structure®

BaO 3.0 0.7 9 6 0.15 1.0 0.0002
CsF 36 03 3 I 0.06 0.1  0.00008
CsH 119 1.1 25 15 112 16.8  0.0005
Lil 48 0.5 7 3 018 0.5 0.0002
MgO 11.7 0.6 4 5 0.04 0.2 0.00002
PhOP 77 1.2 7 16 0.13 2.1 0.00008
PbS 22 08 8 8 0.12 1.0 0.0003
PbSe 1.6 0.6 4 5 0.04 0.2 0.0001
PbTe 1.4 0.7 3 5 0.02 0.1  0.00006
SnTe 1.0 1.0 5 13 0004 0.1 0.00002



PbTe

PbTe crystal structure

Infrared-active transverse optical
phonon modes are triply degenerate.

The circular motion of ions carries
orbital angular momentum.

Phonon Zeeman splitting and magnetic
circular dichroism.
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Soft chiral phonons in PbTe
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Soft TO phonon mode

TO phonons probed using THz time-domain
spectroscopy

TO peak shifts to higher frequency as temperature
increases

- phonon softening

Strong quartic anharmonicity in PbTe leads to mode

softening.

Anharmonic phonon Hamiltonian
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Magnetic Circular Dichroism in PbTe
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e Extracted left- and right-circularly polarized
responses from THz transmission
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e TO phonons show differential absorption for LCP and OR + o1,

RCP light - Magnetic circular dichroism
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Phonon Zeeman Splitting in PbTe
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TO phonon energy Ey(H,) = Eq + g*pupuoH, + 0qiqu§H?
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9 T with anharmonic phonons
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Experimental Setup

Frequency-domain THz spectroscopy

PbTe
'_} ( Frequency range: 1 —40 cm™
<+<—H 4 Temperature range: 2 — 300 K
Wire grid External Wire grid Magnetic field: upto 7 T
polarizer magnetic field polarizer Golay cell
Backward wave (0%) (ﬁ or —ﬁ) (-45° or 45°)

oscillator

PbTe thin films
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Faraday rotation

Faraday rotation

VT-as0(w, H) = /Tyso (w, H))

| 0:(w, H) =t -1<
\(\W\N\N\N\} o " V=450 (0, H) + [ Tyso(w, H)
!

magnetic field

Malus’s l[aw 47 * Faraday angle extracted from intensity

T(0) =T,-cos?(8) T at +45° and —45°

* +45° maximizes sensitivity to small
Faraday angle

45° 10



Experimental Data

PbTe/InP (w = 0.3 THz)

InP (w = 0.3 THz)
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Faraday Rotation
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The magneto-optical response shows no hysteresis and exhibits strong Faraday rotation
under magnetic field.

This behavior is possibly related to chiral phonon.
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Faraday Rotation
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Faraday Rotation
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Future Plan

* Change InP substrates with THz-transparent
substrates.

* Measure phonon absorption difference using
circularly polarized THz radiation
— Circular dichroism from chiral phonons
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Summary

* We measured Faraday rotation in PbTe using
THz frequency-domain spectroscopy.

* Strong Faraday rotation was observed in PbTe,
but no hysteresis was observed.

6. (mrad)

e We suggest that the chiral phonons contribute
to the magneto-optical response in PbTe.
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