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[bookmark: OLE_LINK1][bookmark: _Hlk204002418]Supplementary Figure 1. Temperature dependent resistivity for an LSP327 thin film (S5) under various magnetic fields applied along the c-axis.
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[bookmark: _Hlk204002501]Supplementary Figure 2. Magnetic field dependent Hall resistance (Rxy) at different temperatures for an LSP327 thin film (S6) at ambient pressure.
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[bookmark: _Hlk204002531]Supplementary Figure 3. Pressure dependent R(T) curves for S2 in PCC. a Temperature dependence of resistance of another LSP327 thin film (S2) under various pressures a up to 2.6 GPa with Daphne 7373 as the PTM. b Normalized R/R55K(T) curves in the temperature region from 2 to 55 K at 0 and 2.6 GPa. The superconducting transition temperature is clearly enhanced under pressures. c The R(T) curve of LSP327 at 2.6 GPa. The temperature dependent resistance from Tc to 100 K can be well fitted by the equation  with n = 1.92. With temperature above 200 K, the fitting curve deviates clearly from the experimental data.


[image: ]
[bookmark: _Hlk204002556]Supplementary Figure 4.  Pressure dependence of the exponent n that derived from the fitting to the R(T) data of S1and S2 with the formula  in the temperature region from Tc to 100 K. As the pressure increases, the n value gradually decreases.
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[bookmark: OLE_LINK32]Supplementary Figure 5. Temperature dependence of resistance and Hall effect measurement for S6. a Temperature dependence of resistance of another LSP327 thin film (S6) under various pressures up to 2.6 GPa. b, c Magnetic field dependent Hall resistance (Rxy) under pressures at 40 and 60 K, respectively. the slop of Hall resistance versus magnetic field curves at 2.3 and 2.6 K show some abnormal increases, which may be caused by the solidification of PTM Daphne 7373 above 2.2 GPa.
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[bookmark: _Hlk200721225]Supplementary Figure 6. Raw data of Hall Resistance and temperature dependent coefficient at different pressure. a The evolution of Hall coefficients (RH) under different temperature under various pressures. b, c Magnetic field dependent Hall resistance (Rxy) under different temperatures at 1.2 and 2.3 GPa, respectively. Under high pressures, the RH still shows clear temperature dependence and the charge carrier is hole type in the whole temperature region we measured.
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[bookmark: OLE_LINK18]Supplementary Figure 7. Temperature dependence of resistance of S4 under different pressures. a Temperature dependence of resistance R(T) of a LSP327 thin film (S4) under various pressures up to 12 GPa with Daphne 7373 as PTM. b The enlarged view of R(T) curves below 80 K for S4, respectively. To illustrate the variation of the superconducting transition temperatures with pressure more clearly, the R(T) curves in b have been vertically shifted. The Tconset (up-pointing arrow) was determined as the temperature where resistance starts to deviate from the extrapolated normal-state behavior.
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[bookmark: _Hlk204002742]Supplementary Figure 8. DFT results by using different c lattice constants. Calculated DFT (a) and slave-boson renormalized (b) band structures for the two-orbital bilayer model for ambient pressure shown with color scheme visualizing the orbital content and for = 5% shown as black line.
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[bookmark: OLE_LINK33]Supplementary Figure 9. Theoretical evolution of the spin fluctuations upon pressure. Same as Figure 5 but for a doping of 0.1 holes per Ni atom.
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Supplementary Figure 10. Theoretical evolution of the spin fluctuations upon pressure. Same as Figure 5 but for a doping of 0.2 holes per Ni atom.
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