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Figure S1. Representative TDTR data for the solid He at 36.1 GPa and room
temperature. The temporal evolution of the ratio —Vin/Vou (open circles) are fitted
by the thermal model calculations (color curves). A thermal conductivity of
Ane=6.6 W m K (red curve) gives a best-fit to the data using input parameters
listed in Table S1. A testing 10% change in A (green and blue curves) causes the
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model calculation deviating from the data. This indicates a high sensitivity of our
thermal model fitting and a precisely derived Axedue to our high-quality data.
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Figure S2. Sensitivity tests of the thermal model to each input parameter for the
solid He at 36.1 GPa. As derived in Figure S1, here the thermal conductivity of
He is fixed at 6.6 W m™ K. (a) and (b) The thermal model calculations remain the
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same even when the thicknesses of He (/ue) and glass substrate (hglass) change by
50%, respectively. Thus the uncertainties in the hxe and hgnss have no effects on
the thermal conductivity of He (Ase). (c) The high thermal conductivity of Al
tilm, Aay, has a very minor influence on the Are, even if a 50% change is applied.
(d) If the thermal effusivity of the glass substrate, eglass=(AglassCglass) 2, is uncertain
by 10%, it slightly shifts the model calculation, and requires Are to decrease
slightly from 6.6 to 6.2 W m! K*! to fit the data again, i.e., translating ~6% error to
the Amne. (e) Assuming the volumetric heat capacity of He, Cu., has 5%
uncertainty, to fit the data the Aneneeds to slightly increase to 6.8 W m K, ~3%
uncertainty. (f) The major uncertainty source in our data analysis is from the
uncertainty in Al heat capacity per unit area (product of its volumetric heat
capacity and thickness, Caihar). Assuming a 5% uncertainty, it requires ~11% shift
in the Ase to fit the data. (g) Even if the laser spot size is changed by 10%, it does
not affect the model calculation. (h) A change in the thermal conductance of
Al/He interface and Al/glass interface, G, by 10% slightly shifts the calculation,
having very minor effect on the Ate.
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Figure S3. Representative time-domain stimulated Brillouin scattering
spectra [1,2] for the liquid He at 7 GPa and solid He at 15 GPa and room
temperature. The Brillouin frequency f at 7 GPa and 15 GPa was determined to
be 17.1 GHz and 25.6 GHz, respectively, which were used to confirm the phase of
the He [3].



Table S1. Input parameters for the bi-directional thermal model calculation at

36.1 GPa
P Che Cal hai _(A Ieghéssl )1/2 r I’lHe/]’lglass Aal G
=(/\glassglass
GPa J cm3 K+ J em3 K+ nm* Jm?2K1s!2 | um pm WmtK! | MW m2K!
36.1 4.69 2.67 81.6 3273 7.6 15/10 200 90

*In this experimental run, the Al thickness at ambient pressure is 88.6 nm
measured by in situ picosecond acoustics. Cre: He heat capacity, Ca:: Al heat
capacity [2], ha: Al thickness (calculated from Ref [4]), eglss: glass thermal
effusivity [1], r: laser spot size (measured in this study), hue: He thickness
(measured in this study), hgss: glass thickness (measured in this study), Aa: Al
thermal conductivity [2], G: Thermal conductance of Al/He and Al/glass
interfaces (measured in this study).
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