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Fig. 1. (a) Schematic photocurrent experimental setup. f; and f, are focusing lenses. BBO is the doubling frequency nonlinear crys-

tal; (b) the allowed excitation areas by 800 nm (1.55 ¢V, pink arrows) and 400 nm (3.1 eV, purple arrows) pulsed lasers, respectively.

The band structure is adapted from Ref. [35]; (¢

) the four triple points are highlighted by the red circles*].
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Fig. 2. Characterizations of the MoP sample in the photocurrent experiment: (a) SEM image (left panel) and the sample after

adding the electrodes (right panel); (b) Raman spectroscopy at room temperature, two red arrows mark the Raman peaks; (c) tem-
perature dependence of the resistance at 0 and 7 T external magnetic field; (d) magnetic field dependence of resistance at 2 K; (e¢) SEM

image with a resolution of 5 um; (f) SEM image with a resolution of 20 pm.
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Fig. 3. (a) Schematic of the experimental geometry; (b) photocurrent intensity depending on the polarization of the laser beam un-

der different incident angles, which is offset for clarity; (c¢) photocurrent intensity depending on the sample position along the X axis,

where the incident angle of ultrafast pulses is 45°; (d) photocurrent intensity depending on the sample position along the Y axis,

with 45° incidence angle.
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Fig. 4. (a) Schematic lattice structure of MoP, purple and brown spheres represent P and Mo atoms, respectively; (b) schematic

diagram of the experiment illustrating the two photoexcitation positions on the sample; (c) polarization dependence of the current

intensity at P; and P, under 400 nm light excitation. Solid dots in red and blue are current intensity data obtained at P; and Py,

respectively. Gray dots donate the situation without any light excitation.
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Abstract

Ultrafast spectroscopy is a powerful method to generate and control topological phase transitions and spin-
polarized electrical currents in topological quantum materials. These light-induced novel physical properties
originate from the topologically nontrivial states of Dirac and Weyl fermions. The topological semimetal
molybdenum phosphide (MoP) exhibits double and triple degenerate points in the momentum space. We
present the preliminary results of spin-polarized electrical currents and optical response investigations of MoP.
We design and construct an experimental setup to perform the photocurrent generation and control by
circularly polarized light in topological insulator Bi,Se;. The results compare well with those reported, which
confirms the validity and reliability of our experimental setup. Further, we conduct the photocurrent
experiment on MoP by using 400 nm laser pulses for excitation and successfully detect the current signals at
different sample positions. We attribute the observed currents to photo-induced thermal currents (not the photo
current associated with the triple degenerate topological properties), which facilitates generating and controlling
photocurrents in MoP in the future investigation. Our thermal current investigations are of essence for further

exploring the photocurrents in various types of topological quantum materials.

Keywords: photocurrent, triple degenerate topological material, ultrafast spectroscopy, spin polarization
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