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Fig. 1. (a) Experimental setup of optical pump-probe spectroscopy in reflection configuration; (b) typical optical pump-probe signal

of GaAs.
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Fig. 2. (a) Electro-optic sampling!'”; (b) experimental setup of OPTP spectroscopy.
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Fig. 3. (a) Schematic of magneto-optic Kerr effect!”; (b) TRKRI® via pump-probe technique.
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Fig. 5. (a), (b) Transient reflectivity of BiySe; measured via OPOP at room temperature™'!l. The red squares in (b) show the full

width half maximum of the probe light’s spot as a function of delay timel'!.
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B 6 BiySes W OPTP {55 B2 (a) TLIGHIIZE T B9 BiySes HLF; (b) A GHE T i1 BiySes I RBEZLWEIE ; (c), (d) ASRIEE f
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Fig. 6. OPTP signals of Bi,Ses thin filmP?: (a) Conductance of BiySes without optical pump; (b) transmitted terahertz electric field
after sample under optical pump; (c), (d) transient THz peak signal of samples with different thickness and pump power; (e)—(h)
scattering rate and plasma frequency obtained from the fitting of conductance of BiySe; by Drude-Lorentz model with different
sample thickness and pump delay.
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Fig. 7. (a), (b) OPTP signals of Bi, 5SbysTe;;Se; 3 (BSTS) and BiySes; (¢), (d) schematic diagrams of energy bands and electron
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Fig. 8. Experimental Tr-ARPES data™: (a) The relaxation process for different bands of p-doped BiySe; excited by light;
(b) schematic of the electronic band structures of BiySes for reference; (c) electronic band structures for BiySes, and the surface

states and bulk conduction band are unoccupied due to the Fermi energy sitting inside the bulk valence band; (d) electrons are ex-
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cited to high energy band after the excitation; (e)—(g) relaxation process of high energy electrons.
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(a) p 045 2 1) BiySe; T e M 52 I S o) A 4 1 1R 3 5 (b) FHL T 2 %5 10 BioSes 19 HE
(c) T2 BisSe; HIREHS A1, th 457 5 BOUOK REGUBEMIE, Fe 04 AP AS 3409 B4 B 8 () 76 IRIRE I Y & i, o T
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-
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°
=}
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F Shen 5241 (a)l®) Fl Gedik HF5E4H (b)Y | F Tr-ARPES F7 5 (4 BiySe, H T £l
Fig. 9. Electron temperature of Bi,Se; obtained by Tr-ARPES from Shen's group (a)® and Gedik's group (b)?.
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I PRI RS IR S B TTER, M F 7 H 2 N R
LR R B 1 F L R A5 A RO T O H T RE T
(two-photon photoemission spectroscopy, 2PEE)
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Fig. 10. OPOP experimental data and Fourier transform of
the oscillatory data for Bi,Se; at 293 KI®I.
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Fig. 11. Experimental Tr-ARPES data of Bi,Ses**l.
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(a) Surface optical (b) Ultrafast (¢) Intraband (d) Interband
orientation depolarization carrier cooling recombination
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Fig. 12. Photoinduced relaxation processes of carriers and spin in Bi,Ses [': (a)—(d) correspond to the relaxation processes of differ-
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ent time scales.
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13 (a) BiySes #EARTE 10 K I 80 K I Y 58 2R 5% #1061, 20 2k AU 1z PO Ze e 8 i 4% 06, W5 (7 52 242 A SR A5 T T8 i 41 D' 1;
(b) BiySe; Hf: it 75 A [a] 't T~ A 1k FIA [8] 2 BE N 0 SE AR 6 A1 G35 ;s (c) BigSey SEIRBUE LA B, (d) WO e 25061 (R S iz
) A A SE 0B 04 (e)— (h) 2645 I i R D' I8 i i S 3 3 728 1 e e 1] 728 b ) 52 36 5 B2

Fig. 13. (a) Time-resolved Kerr rotation of BiySe; at 10 K and 80 K. Red line indicates that the pump laser is left circularly polar-
ized while the blue one is right circularly polarized®. (b) Time-resolved Kerr rotation of Bi,Se; excited at different photon energies
for different temperatures®l. (c) fittings of the TRKR experimental data for BiySesP. (d) Kerr rotation experimental data via second
harmonic generation(oblique pump)l'. (e)—(h) transient reflectivity corresponding to the left and right circularly polarized pump
light!53].
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Abstract

Topological insulators (TIs), with unique bulk insulating and two-dimensional surface conducting states,
show great promise of future optospintronics and spintronics applications, where a complete knowledge of the
charge and spin dynamics is quite essential. Thus, the non-equilibrium properties inside TIs have attracted
enormous attention. Here in this paper, we review the latest achievements in this field. The focus will be mainly
on the experimental study, covering the ultrafast dynamical properties of charge, phonon, and spin. We hope
that this review can stimulate further studies, especially theoretical research concerning the properties of

topological insulators out of thermodynamic equilibrium.
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