SFU
DEPARTMENT
OF PHYSICS

Optical
second

harmonic
susceptibility

in the Weyl
semimetal
WTes

Optical second harmonic susceptibility in the
Weyl semimetal WTe,

Leya Lopez L.

Leya Lopez L.

Department of Physical Sciences
Simon Fraser University

5 June 2019

1/15



e Overview

OF PHYSICS

Optical
second
harmonic
susceptibility
in the Weyl
semimetal

WTe, e Studies on TaAs, a Weyl semimetal showed unusually large
Leya Lopez L. second-order nonlinear optical susceptibility.!

e Subsequently, models that connects the band-structure
geometry and the nonlinear susceptibility were established
to explain this anomaly.

e Second harmonic generation in the Weyl semimetal,
tungsten telluride (WTeg).

Wau, L. et al., Giant anisotropic nonlinear optical response in transition

metal monopnictide Weyl semimetals, Nat. Phys. 13; 350-355 (2017)
2/15



momw  Polarization response in nonlinear media

OF PHYSICS

Optical

second

harmonic A i . .
susceptibilty e The nonlinear optical polarization response, P(t) of a
in the Wey!

sermimeal medium is given by,
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o P = 6(]ng)Ej + EOXEJ%EjEk + GOXz(jl)clEjEkEl .
Nonlinear (2) H
Optics * Xijk transforms as a third-rank tensor

o For an electric field, E(t) = (Ee~™* + c.c) and real Y,

Second Harmonic Generation

P@(t) = (g x*DE%2e~24t 4 c.c) + 2¢9 XD EE*
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e Under inversion,

Leya Lopez L. (@E _ _ E,
PP =-P,
- Therefore,
vrametry of P}” — e ng,lEEk £ 0 iff
the medium
(2)
zgk: 75 Xz]k

2) £ 0 = broken inversion
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Incident field E(w)
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Spatial
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the medium

Y
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e Orthorhombic : Cy,(mm?2).
e Symmetry elements : Co,, 0,(x2), 0y(y2).
e Hence by Neumann’s principle,

Spatial
: 2
e o the nonzero dlpole—XEj,)g D XXZ, XZX, YYZ, Yz, ZYY, 22Z

the medium
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WTeso Pz(z) (2w) = € Z X,Ej])fE] (W)Ek (w)
ik

Leya Lopez L.

2
Spatial E‘?Cw Pr(t; (Xzzz + Xzzx )EmEz
Tl | 2| o | PP | =eo| (e Xy JESE-
B2 PO Xeaw E2 + Xayy E2 + Xazz E2

e Applied field along z-axis, NO SHG.
e Applied field along x-axis or y-axis, SHG exist.
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SHG from
Wieo ab face ac face

(perpendicular to z-axis) (perpendicular to x-axis)
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g~ Microscope SHG measurement setup
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Measurement

Dichroic
mirror

Objective

Sample

(WTe,)
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Results

ab face - No SHG ac face - SHG
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ﬁ SHG from the acquired images
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Results

Quadratic power-law behaviour in WTey; and GaAs

SHG (arb. units)
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= Quadratic power-law behaviour in WTey; and GaAs
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SHG (arb. units)

Results

Incident Power? (mw)? 14 /15
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Second harmonic generation in the Weyl semimetal WTes.

SHG is observable only for light reflected from the edges of
the crystal, not from the natural planar surface of WTes.

Leya Lopez L.

Hence the measurement has to be done in a microscope.

The x@ of WTey is greater than that of GaAs.

We are in the process of doing a polarization study to

determine the individual Xl(?,)c

Results
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