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Weyl Semimetal TaAs

Weyl semimetals Thermoelectricity TaAs
P thermoelectric figure of merit Good thermoelectricity!
] / 2
T = S5coT High o
Weyl pom\( K due to massless dispersion
(spm non-degenerate) « orelectric conductivity LOV_V K
K thermal conductivity due to heavy ions (Ta & As)

TaAs* Graphene**
o (Q'em) 108 106
K (W/mK) 22.00 3300
zT 0.15 0.00055

parameters @T = 300 K
*Nano Energy 30, 225 (2016)

[— 4 **2D Mater. 4, 025019 (2017)
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Experiment: optical-pump & X-ray-probe spectroscopy

Thermoelectricity
How are the electronic structure and the crystal lattice coupled in TaAs?
—> acoustic phonon + electron-phonon coupling

]

Laser-induced acoustic phonons
(thermoelastic process)

OPtica] 1, Ump el time delay

Experiment @ SLAC / LCLS
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Bragg Diffraction
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Bragg Rod (Truncation Rod) Scattering

Real space Momentum space

Infinite array
(bulk)
n » k

2ri(F1)/c 2ml/c 2n(/+1)/c

Finite array
(surface)
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Bragg Rod (Truncation Rod) Scattering

Momentum space

ki — k; = G+
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Truncation Rod Scattering in TaAs

Q=G+ q=(103)+E112)
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Truncation Rod Scattering in TaAs

Q=G+ q=(103)+E112)
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Coherent Acoustic Phonon Oscillations
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Acoustic Shear-mode Observation

Loy,
%, surface PRL 84, 111 (2000).
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Acoustic Shear-mode Observation
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10

(Quasi-)Shear mode
also can be observed!

Los Alamos National Laboratory
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Nat. Commun. 5, 4301
(2014).

The shear mode has been
observed by optical probes
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Acoustic Shear-mode Observation

'ol}(; surface
Z normal

n

High-symmetric
Lattice vector Cg

(Quasi-)Shear mode First observation of QS mode
also can be observed! from X-ray truncation rod scattering!
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Simulation: Acoustic Phonons in TaAs

Phonon dispersion

phonon frequency (THz)

O . . . s 1 .
0.0 0.2 0.4 0.00 001 0.02

* Symbols: experiment
* Lines: simulation
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Electron-phonon coupling in TaAs

Fano-like asymmetric line shape A, optical phonon in TaAs

Evidence of el-ph coupling
“1o°

Ta

‘ I (- il Z A "‘0
PR e s 240 250 260 270 A
5 o (cm™) .
. (qFT'QS/Z + E - ET'QS) X
7= (Tres/2)? + (E — Ep5)? Nat. Commun. 8, 14933 (2017).
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Electron-phonon coupling in TaAs

acoustic phonon in TaAs
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Strong el-ph coupling even at room temperature:
QS lattice motions = critical to modulate the electronic structure
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Thermoelectricity control by strain
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Conclusion

» By using optical-pump, X-ray probe spectroscopy in TaAs, we observed acoustic
phonon oscillations and a quasi-shear acoustic mode from X-ray truncation rod

scattering for the first time.

« We demonstrate that the quasi-shear acoustic mode is a signature of el-ph coupling,
indicating that the quasi-shearing mode can be a pathway to control the
thermoelectricity by a strain effect.

)
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