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Chirality



TU/e Chirality means no improper rotation symmetry
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Coherent chiral phonons




Thermal phonons move atoms randomly
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Coherent phonons move atoms in unison
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TU/e Chiral phonons act as atomic electromagnetic coils

Circular THz
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Juraschek et al., Phys. Rev. Materials 1, 014401 (2017)
Juraschek & Spaldin, Phys. Rev. Materials 3, 064405 (2019)




Chiral phonons act as atomic electromagnetic coils

Circular THz

Juraschek et al., Phys. Rev. Materials 1, 014401 (2017)
Juraschek & Spaldin, Phys. Rev. Materials 3, 064405 (2019)




Different experiments measure phono-magnetic fields

ErFeOs SrTiOs GdFeCo/Al>Os3

Nova et al., Nat. Phys. 13, 132 (2017) Basini et al., Nature 628, 534 (2024) Davies et al., Nature 628, 540 (2024)
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Romao, Juraschek, Nature 628, 505 (2024)




What makes phonon
magnetic moments large?




A general mechanism can be found for magnetic systems
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Chaudhary, Juraschek, Rodriguez-Vega, Fiete, Phys. Rev. B 110, 094401 (2024)




A general mechanism can be found for magnetic systems
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A general mechanism can be found for magnetic systems
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Giant phono-magnetic
fields in CeCl3, CeFs



Chiral phonons produce giant effective magnetic fields
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10 T for 4 md/cm? 1 T for 0.4 md/cm?

Juraschek et al., Phys. Rev. Research 4, 013129 (2022) Zhang et al., Science 382, 698 (2023)



Magnetizing antiferromagnets




Phonomagnetic field couples to magnon in AFM

Easy-plane Heisenberg AFM Tom Kahana Daniel

Chiral phonon  Magnon mode B.-Lopez

Dynamics: coupled Landau-Lifshitz-Gilbert + oscillator model

Kahana, Bustamante-Lopez, Juraschek, Science Advances, 10, eado0722 (2024)




Magnetization gets rectified by phonomagnetic field
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Kahana, Bustamante-Lopez, Juraschek, Science Advances, 10, eado0722 (2024)




Rectification leads to light-induced weak ferromagnetism
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Beyond circular polarization



Multicolor Floquet driving promises advanced control

PHYSICAL REVIEW B 108, 035151 (2023)

Suppression of heating by multicolor driving protocols in Floquet-engineered
strongly correlated systems

Yuta Murakami®,">” Michael Schiiler,”” Ryotaro Arita®,"* and Philipp Werner”

PHYSICAL REVIEW RESEARCH 4, 033213 (2022)

Floquet engineering the band structure of materials with optimal control theory

Alberto Castro®,">" Umberto De Giovannini,>* " Shunsuke A. Sato®,>** Hannes Hiibener ®,*® and Angel Rubio*®!

PHYSICAL REVIEW RESEARCH 4, 013056 (2022)

Floquet engineering of individual band gaps in an optical lattice using a two-tone drive

Kilian Sandholzer ®, Anne-Sophie Walter, Joaquin Minguzzi, Zijie Zhu, Konrad Viebahn®, and Tilman Esslinger

Bosonic Entanglement and Quantum Sensing from Energy Transfer in two-tone
Floquet Systems
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Phononic Lissajous figures require frequency matching

THz pulse 20 ~
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Yaniv, Juraschek, arXiv:2504.03323 (2025)




Cavity phonon-polariton branches match in BaTiO3

BaTiO3 20.
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Pulse shaping can control phononic symmetry breaking
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Possible applications involve Floquet driving

Staggered magnetic fields Selective symmetry breaking

A

¥~ rFR"
S B(r1) B(r2) So

B

Yaniv, Juraschek, arXiv:2504.03323 (2025)




Can phonons make
achiral materials chiral?




TU/e Chirality means no improper rotation symmetry

Static chirality Motion-based chirality




Nonlinear dynamics create metastable oscillator states

Inverted pendulum
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Caruso, ..., Juraschek et al., arXiv:2501.06752 (2025)




Large amplitude vibrations produce nonlinear phononic effects

THz pulse

‘ | lonic material

Anharmonic
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TU/e Phononic rectification induces structural distortions

deQc
<Qc> ~ <Qd2> 70

FoOrst et al., Nat. Phys. 7, 854 (2011)
Subedi et al., Phys. Rev. B 89, 220301(R) (2014)
Juraschek et al., Phys. Rev. Lett. 118, 054101 (2017)




1J/e Geometric chiral phonons break all improper rotations
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Romao & Juraschek, ACS Nano 18, 29550 (2024)
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A2 modes induce chirality in LiB3O:s
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Romao & Juraschek, ACS Nano 18, 29550 (2024)




Group theory reveals promising materials

Point group GCP  Subgroup IR-active modes
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Example materials
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Possible experiments involve pump-probe studies

Point group  GCP

Subgroup IR-active modes  Coupling Example materials
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Optical probe: Measure optical activity
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*Subgroup is not chiral — 7,7 =1, 2




First experiment measures optical activity

Extracted optical activity

Geometric chiral phonon amplitude
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Zeng et al., Science 387, 431 (2025)
Romao, Juraschek, Science 387, 361 (2025) Romao & Juraschek, ACS Nano 18, 29550 (2024)




Outlook

» Chiral soft modes and displacive phase transitions?
» Order parameter for chirality?

» Modern theory of chiralization?
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