Evidence of Ultrashort Orbital Transport in Heavy Metals

Revealed by Terahertz Emission Spectroscopy
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Motivation

Spintronic Terahertz Emission Orbital Current J; Experimental measurement of J; J;-induced THz Emission in Ni/W
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IOREE : Inverse Orbital Rashba-Edelstein effect
- - T. S. Seifert, et al., Nat. Nanotechnol. 18, 1132 (2023).
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Orbital relaxation length from first-principles scattering calculations
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Simulated I,
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v’ Ultrafast dynamics information Y.-G. Choi, et al., Nature 619, 52 (2023). Continuously shift Almost fixed with

M. Rang, et al., Phys. Rev. B 109, 214427 (2024). Large AL in LM from experimen ts with dyy dw > 5nm
Promising and powerful Small A; from calculation — Ay in Heavy metals(HM)? THz emission mechanism in Ni/W?

Experimental I,
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Multi-component THz Emission Model

» Sample Structure » Measurement » NIR Transmittance » Multi-component THz Emission Model (MC-TEM)
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HM( W, Ta, Pt) wedge samples Scan along wedge direction Film thickness verification
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Es: ISHE E,: IOHE ¥

Ey; : MDE + AHE --

High-resolution thickness-dependent measurement on one wedge sample

Ery, = 2.x Ax(dw) - ex(t) — fit experimental data
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» dy-dependent THz Emission Spectroscopy Fitting Results Using MC-TEM
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ISHE : Inverse Spin Hall Effect
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Fitted A, is extremely short in W! Fitting results agree well with

> Fitted A; in other HMs (Ta, Pt) experimental data
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> Polarity reversal with dyy
was observed in W|Ni
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Ultrashort orbital transport in Heavy metals
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» Multi-component THz emission spectroscopy was observed in HMs/Ni.

o oo bt » Interfacial conversion mechanisms are ruled out.
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Rapid THz signal increase with dy (< 0.7nm) remains consistent » Experimental data show excellent agreement with the MC-TEM.

X Interfacial effect(IOREE...) v Bulk conversion(IOHE) » Ultrashort A, is revealed in HMs.
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