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Topological semimetals

Annu. Rev. Condens. Matter Phys. 8, 337-354 (2017)
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FIG. 2. (Color online) (a) Giant anomalous Hall effect,
which confirms® high quality of our kagome-lattice semimetal
Co3SnaS, Sampless’g. The Hall resistance R., demonstrates
hysteresis behavior and sharp switchings at ~ 0.5 T. Ar-
rows indicate the scanning directions. (b) Positive, non-
saturating longitudinal magnetoresistance in normal magnetic
field, which is a hallmark of compensated semimetals®®. The
measurements are performed at 4.2 K.
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MoTunBauuma:

[ToBEPXHOCTHbIN TPAHCMOPT — aHOMAaJIbHbIN
apPekT Xonna (nponcxoxaeHne aHaNorM4yHoO
KBaHTOBOMY 3dbdeKTy Xo1a, METPONOrus).

Spin-momentum locking —
CNMHOBbIE 3 PEKTbI B NOBEPXHOCTHOM

TpaHcnopTe ?
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Spin torque:
Electric field assisted magnetization dynamics

Point contact device Nanopillar device
: f Cu Tia * I8, X (§; X §,)
free layer — d g
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~T(fnm ~100 nm Dlaiaping

Spin Transfer
Fig. 6. Schematic experimental geometries. Torque

Precession

M

(direction depends
on the sign of /)

Differential resistance peaks were considered to be closely connected to the phenomenology of the giant
magnetoresistance. At large positive current biases, spin-torque may overcome damping and anisotropy
effects, which destabilizes the mutual orientation of the magnetic moments in the two layers, leading to
dynamical precession, i.e. to spin-wave instabilities. The peak in dV/dI corresponds to a rounded step up in
the dc resistance with increasing bias, which reflects spin-wave-associated deviation in the relative
orientation of the two magnetic layers.
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Spin-orbit torque in topological semimetals

WTe, % Au Point contact device Nanopillar device
Cu
e — free layer —
I T T I fixed layer—
Cu Cu

A

~10 nm ~100 nm

Surface state Fig. 6. Schematic experimental geometries.

(i) Ferromagnetic bulk in magnetic Weyl semimetals takes a role of a free layer, where spin-
wave exitations can be induced by spin-polarized current.

(i) Spin-orbit coupling serves as a source of polarized spins instead of the fixed reference
Layer due to the spin polarization within the topological surface states.

One should expect pronounced dependence on the direction (in-plane or normal) of the
magnetic field.
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Samples: Weyl semimetal (Phys. Rev. B 2020)

WSM are 3D objects!

(MaTeHT PP Ha usobpeTteHne
Ne2758577)
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I-V curves for different samples
(Phys. Rev. B 2020)
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dV /dI(l) curves for transport across Au-Ti2MnAl interface
for two opposite current sweep directions.

The right inset demonstrates similar dV /dI(l) behavior for
Ni-WTe2 interface.
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Magnetic field dependence (Phys. Rev. B 2020)
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FIG. 4. (Color online) Evolution of dV/dI peaks’ positions for FIG. 5. (Color online) Evolution of dV/dI peaks’ positions
Au-TizMnAl junction for parallel (a) and normal (b) to the for Ni-WTe; junction also for parallel (a) and normal (b) to
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Slonczewski Model

peak position I, is described by Slonczewski model [26,41]. Slightly
simplified,

I, (B)~ ayecB, (D)

where «a is the damping parameter, y is the gyromagnetic ratio, o is the
total spin of the free layer.

In multilayers the total spin o is a constant due to the monodomain regime of low-size
structures, so Isw is linearly increasing with the magnetic field B.

In contrast, the size of ferromagnetic domains is typically much smaller than the 5 um
distance between the leads in our samples. Thus, the domain walls determine the total spin
o in our case.

Increasing of the magnetic field removes domain walls between the leads, so o goes to zero
in higher fields.
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Magnetic field dependence for monodomain
Weyl semimetal Co35n2S2 (EPL 2019)

several dT_//dI spikes’ sequences at low, ~10* A/cm? , current densities
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Symmetry breaking:
CoSi chiral semimetal (JMMM 2021)

Chiral topological semimetals are the natural
generalization of Weyl semimetals, they are
characterized by simultaneously broken mirror and
inversion symmetries.
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Symmetry breaking:
[TonsApHbIN MeTaNN

Cxema 30HHOM CTPYKTYpbl M NoBepxHOCTM ®epmu ana [AMpaKkoBCKOTo U
Beinesckoro nonymetannos (J. Phys.: Condens. Matter 28 (2016) 303001)

C TOYKM 3peHUns CUMMeTPUM BeinneBcKuini nonymeTann MoxKeT bbiTb
nbo peppomarHeTUKOM (NP HapyLLEHUN CUMMETPUM NO
obpaueHnio BpemeHun) 1nbo GeppoanekTPUKOM (Npu HapyLEHNK
CUMMETPUU UHBEPCUN )

DSM WSM

CErHeTOaNEeKTPUK
j X / NoNsipHbIN MeTann (Nposoasawmin hepposnekTpunk)?

dJepp()MarHeT"K cbeppo:-).neKTpMK ——— (NpeackasaH B 1965r, PHYSICAL REVIEW LETTERS, 4, No 7

(1965), akcnepMmeHTanbHasa aemoHcTpauma 2019r
Sharma et al., Sci. Adv. 2019;5: eaax5080)

CBepxnpoBoAALMiA heppoaNEKTPUK?
(npeackasaH 2022r https://arxiv.org/abs/2201.01775)

» PHYSICAL REVIEW B 104, 045304 (2021)
» JETP Letters, 2021, Vol. 113, No. 6, pp. 389-395
* EPL, 135 (2021) 37002
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Conclusions

Mbl 3KCNepUMeHTa/IbHO CPaBHUJIN HECKOJIbKO TUMOB MHTepd)eVICHbIX CTPYKTYp C
MarHUTHbIMU N HEMArHUTHbIMM BenneBcknmmn noayMeTaislaMu.

MbI nccnenoBaamn CNUH-NONIAPU30BAHHbIN TPAaHCNOPT Yepes NoBepPXHOCTb BenneBckoro
nonymetanna. lMpun 3ToM 6bI10 NOKA3aHO KAYECTBEHHO CXOXKEE MOBEEHUE: TUCTEPEINC
Ha BOJIbT-aMMEpPHbIX KPUBbIX MPU MasibiX TOKaX U pe3kue nNukn B anddepeHumanbHOM
COMPOTUBNEHNU MPU BOABLLUMX TOKAX.

Takoe noBegeHne HaNOMUHAET AMHAMUKY HAMarHMYE€HHOCTU, BbISBaHHYIO
NPOTEKAIOLWMM TOKOM, A1 GePPOMarHUTHbIX MYJbTUC/IOEB (CMMHOBLIM AMOL), OAHAKO.
3BOJIIOLMSA MIHOHHbIX MUKOB MPU U3MEHEHMN MArHUTHOIO MO MPOUCXOAUT MHaYe, YEM
B GeppOMarHUTHbIX MYJbTUC/IOSX.

Mbl cBA3biBaEM NoJly4eHHble 3¢ PeKTbl CO BbI3BBAHHON TOKOM CMMHOBOW AMHAMUKOU B
NOBEPXHOCTHOM COCTOSIHMKU Bennesckoro nonymeTanna.
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