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            Abstract
Exotic phenomena can be achieved in quantum materials by confining electronic states into two dimensions. For example, relativistic fermions are realized in a single layer of carbon atoms1, the quantized Hall effect can result from two-dimensional (2D) systems2,3, and the superconducting transition temperature can be considerably increased in a one-atomic-layer material4,5. Ordinarily, a 2D electronic system can be obtained by exfoliating the layered materials, growing monolayer materials on substrates, or establishing interfaces between different materials. Here we use femtosecond infrared laser pulses to invert the periodic lattice distortion sectionally in a three-dimensional (3D) charge density wave material (1T-TiSe2), creating macroscopic domain walls of transient 2D ordered electronic states with unusual properties. The corresponding ultrafast electronic and lattice dynamics are captured by time-resolved and angle-resolved photoemission spectroscopy6 and ultrafast electron diffraction at energies of the order of megaelectronvolts7. Moreover, in the photoinduced 2D domain wall near the surface we identify a phase with enhanced density of states and signatures of potential opening of an energy gap near the Fermi energy. Such optical modulation of atomic motion is an alternative path towards realizing 2D electronic states and will be aÂ useful platform upon which novel phases in quantum materials may be discovered.
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                    Fig. 1: Time-resolved electronic structure and electron diffraction patterns in TiSe2.


Fig. 2: Experimental and simulated electronic structure and PLD dynamics.


Fig. 3: Photoinduced domain wall.


Fig. 4: Energy gap in the pump-induced domain wall.
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Extended data figures and tables

Extended Data Fig. 1 Simulated and experimental electron diffraction patterns in TiSe2.
a, b, Simulated and experimental electron diffraction patterns based on the kinetical theory with the sample thickness of 60Â nm. c, Experimental diffraction patterns at 12Â ps with a tilted angle. Data were taken with the same pump fluence and equilibrium temperature as in Fig. 1d. The intensity units on the colour scale are arbitrary.


Extended Data Fig. 2 Ultrafast electronic dynamics.
a, Time-dependent photoemission spectroscopy intensity at different pump fluences. The intensity is the integration of non-equilibrium electrons between 0 and 0.03Â eV above the Fermi energy. b, The decay rates of nonequilibrium electrons as a function of pump fluence. The three different regions separated by the two critical pump fluences are indicated by different colours in the background.


Extended Data Fig. 3 Additional measurements on two other samples (samples II and III).
a, Spectral intensity as a function of the pump fluence integrated from âˆ’0.1Â eV (SeÂ 4px,y band top) to the Fermi level for samples II and III at a delay time of 12Â ps. b, Photoemission spectra difference between fluences Iâ€² and I (I(I)Â âˆ’Â I(Iâ€²)) from 3 to 40Â ps for sampleÂ II. The colour scale is in arbitrary units, and â€˜â€“â€™ (green) indicates <0 and â€˜+â€™ (red) indicates >0. c, EDCs at the momentum of the dashed line shown in the inset of Fig. 4b for pump fluences at Iâ€² and I for samples II and III. EDCs are normalized to the same height. d, Spectral intensity as a function of the pump fluence integrated from âˆ’0.1Â eV (SeÂ 4px,y band top) to the Fermi level for sampleÂ II. e, Original EDCs without normalization between 3 and 40Â ps for sampleÂ II. f, Normalized EDCs from e.


Extended Data Fig. 4 DFT calculations and experimental electronic structures of the bulk and 2D domain wall.
a, Charge density isosurface plot of the domain-wall bands at the Î“ point. The Ti and Se atoms are shown in blue and green spheres, and the outer and inner surfaces of the density state isosurface on the domain wall are shown in purple and blue. b, BandÂ structure of the periodic eight-layer supercell with domain wall. The px and py orbitals are projected to the three layers at the domain wall (shown in red circles); the symbol size denotes the relative weight of the orbitals. The reference bands are drawn in orange lines. c, Energy shifts of the domain-wall bands at different strengths of CDW displacements. The label â€˜CDWâ€™ means a single CDW phase, and â€˜domainâ€™ means the presence of sharp domain wall. d, Time-resolved photoemission spectra at 12Â ps for pump fluences at Iâ€² and I, as indicated in the inset to e. e, EDCs at the momentum of âˆ’0.13Â Ã…âˆ’1 for pump fluence Iâ€² and I, as indicated by the solid line cuts (the same colour as the corresponding EDC) in d. Inset shows the same spectra at 12Â ps for sampleÂ II as that shown in Extended Data Fig. 3a. EDCs are normalized to the same height.
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