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Spin-charge conversion in TDSMs

Ando et al., J. Appl. Phys. 109, 103913 (2011)

* Main idea:
* B = 0: intrinsic spin Hall effect (charge-to-spin conversion)

* B # 0: anomalous Hall effect (spin-to-charge conversion)

* Features of spin-charge interconversion in

* Interplay of band topology and symmetry breakings = tunability
via external fields

* Low density of states near band crossings (Dirac points) = large
spin Hall angles
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Topological Dirac semimetals (TDSMs)

* Host Dirac points (4-fold degenerate) protected by time-reversal +
inversion 4+ uniaxial rotation symmetries

Yang and Nagaosa, Nat. Commun. 5, 4898 (2011)

A pair of Dirac points on the rotation axis

* Class-l TDSM materials: e.g., Cd;As, (C, symm.), Na;Bi (C5 symm.)
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Spin Hall effect in TDSMs (B = 0)

Wang et al., PRB 85, 195320 (2012);

Low-energy Hamiltonian for a class-I TDSM: Wang et al., PRB 88, 125427 (2013)
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B in arbitrary directions

* Zeeman coupling: Hz = gup(L+2S)-B
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Spin/charge Hall currents

Qw(y) ~ Xx(y)Bsz(y)(E X 7)
Q* ~ |oby + (X182 +xiB2)| (B x 2)
j~kB,(E X z)

* Electric tunability: band topology

* Magnetic tunability: symmetry breaking [also seen in spin currents in
ferromagnets induced by magnetization; see Amin et al., PRB 99,

220405 (2019)]
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Tunable upon variation of magnetic field direction!
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AHC B-dependence
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Spin-charge conversion efficiency
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Summary & Outlook

* Take-home message:

Topological Dirac semimetals can provide another platform for
realizing electrically & magnetically tunable spin-charge conversion
arisen from the interplay of unique band topology and symmetry
breaking.

* No magnetic field: pure spin current;

With external magnetic field: spin-to-charge conversion

» Spin-charge conversion efficiency can be enhanced by increasing the
magnetic field strength.

* Possible future directions: effects of tilting and energy displacement
of the Dirac cones; orbital contribution of magnetic field; etc.
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Back-up Slides



Tunability via external magnetic field

* Spin mixing
* Symmetry breaking
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Zeeman coupling:
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SHC in TDSMs and Z, invariant
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High-field behavior (AHC)
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Magnitude dependence
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