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S1. Characterizations of starting Lu2Ti2O7 sample

[image: ]
Fig. S1 Characterizations of starting Lu2Ti2O7 sample. (a) Rietveld refinement of XRD patterns collected at ambient conditions. (b) The pyrochlore structure of Lu2Ti2O7. (c) Lorentz fitted for the Raman spectrum of Lu2Ti2O7 at ambient conditions. Inset figures are the bonds vibration diagram of each Raman mode.


S2. The fitting plot of Lu2Ti2O7 at 16.1 GPa


[bookmark: _Hlk190213080]Fig. S2 The fitting Raman spectra of Lu2Ti2O7 at 16.1 GPa.


[bookmark: _Hlk185542185]S3. Color plots of the pressure-dependent Raman spectra of Lu2Ti2O7
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Fig. S1 Color plots of the pressure-dependent Raman spectra of Lu2Ti2O7.


[bookmark: _Hlk185542224]S4. Pressure dependence of FWHM in the two modes of Lu2Ti2O7
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Fig. S4 Pressure dependence of FWHM in the two modes (Eg and A1g) of Lu2Ti2O7.


S5. Pressure dependence of the Raman shift in Lu2Ti2O7
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[bookmark: _Hlk181371199]Fig. S5 Pressure dependence of the Raman shift. Dashed line of 29.5 GPa is the onset of structural disordering and transition to the monoclinic phase. red balls, compression; blue triangles, decompression.


S6. The fitting plots of Lu2Ti2O7 at 39.5 GPa and release to 0.1 GPa
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[bookmark: _Hlk181482516]Fig. S6 The fitting Raman spectra of Lu2Ti2O7 at (a) 39.5 GPa and (b) release to 0.1 GPa.


[bookmark: _Hlk181482600]S7. The pressure dependence of frequency in TiO6 octahedral modes
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Figure S7 The pressure dependence of frequency in TiO6 octahedral modes. We are unable to track the reemergence of LTO F2g mode (460 cm–1 at 1 atm), suggesting potential topological behavior similar to that in isostructural pyrochlore Gd2Ti2O7 and Tb2Ti2O7.1-3
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S8. The fitting plots of Lu2Ti2O7 after release to ambient conditions
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Fig. S8 The fitting plots of Lu2Ti2O7 after release to ambient conditions. Wavelength is (a) 532 and (b) 633 nm, respectively. The PTM in (a) is silicone oil and in (b) is neon.
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S9. Selected SAED patterns in Lu2Ti2O7 thin film
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[bookmark: _Hlk190211649]Fig. S9 Selected SAED patterns in cross-sectional FIB image of the (010) Lu2Ti2O7 thin film.



[bookmark: _Hlk190213243]S10. Nanostructure made of amorphized structural matrix
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Fig. S10 Nanostructure made of amorphized structural matrix.
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