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ABSTRACT 20 

In this study, we have determined the combined effect of pressure and temperature on the 21 

compressional-wave velocity (VP) of Ne up to 53 GPa and 1100 K using Brillouin 22 

scattering in externally-heated diamond anvil cells. The phase transition from the 23 

supercritical fluid to solid phase was observed to cause a 10.5-11% jump in VP, and the 24 

magnitude in the VP contrast across the phase transition increases with temperature. In 25 

addition, we have observed an abnormal reduced increase rate of VP with pressure in the 26 

supercritical Ne fluid at both 800 and 1100 K before the transition to the solid phase. VP 27 

of the solid Ne exhibits a non-linear increase with pressure at all the investigated 28 

temperatures. Elevating temperature was noted to cause an apparent reduction in VP, yet 29 

the reduction in VP caused by increasing temperature dramatically decreases at higher 30 

pressures. At 20 GPa, increasing temperature by 100 K can lower the VP of Ne by 2.4%. 31 

Yet elevating temperature by 100 K only can reduce the VP by 0.4% at 50 GPa. We 32 

further compare VP of Ne to that of other rare gases, including Ar, Kr, and Xe. At 300 K, 33 

VP of Ne shows a stronger dependence on pressure than both Kr and Xe. Moreover, 34 

increasing temperature can produce a greater reduction in VP of Ne than that of Ar below 35 

50 GPa. Our measured VP of Ne is also useful for understanding the velocity structure of 36 

giant planets, such as Jupiter. 37 

 38 
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 41 

1. Introduction 42 

Earth’s interior is at the extremely high pressure and temperature (P-T) conditions. The 43 

development of diamond anvil cells (DACs) combined with a variety of optical and 44 

synchrotron X-ray techniques enable us to investigate the physical and chemical 45 

properties of minerals at relevant P-T conditions of the Earth’s deep interior (e.g., Bassett 46 

1979, 2009, Jayaraman 1983, 1986; Polsky and Valkenburg 2006; Mao et al. 2016). In 47 

the DAC experiments, it is critical to maintain a quasi-hydrostatic condition at high 48 

pressures with the use of pressure medium to minimize the differential stress and ensure 49 

that the pressure inside the DACs is homogeneous (Piermarini et al. 1973; Angel et al. 50 

2007; Takemura 2007b, 2007a; Klotz et al. 2009). Neon (Ne) is one of the most 51 

commonly used pressure media in the high-pressure studies (e.g. Jephcoat et al. 1986; Fei 52 

et al. 2007; Dewaele et al. 2008; Zhuravlev et al. 2010; Dorfman et al. 2012). It can 53 

maintain a better quasi-hydrostatic condition than soft solids (e.g. NaCl, KCl), alcohol 54 

mixture, and some rare gases (Ar, Xe, Kr) at high pressures (Meng et al. 1993; Miletich 55 

et al. 2000; Takemura 2007b; Klotz et al. 2009). Although both He and H2 can maintain a 56 

better hydrostaticity than Ne at high pressures, diamonds with He or H2 as the pressure 57 
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media inside the DACs are easier to break and fail at high pressures (Takemura 2001, 58 

2007a; Dewaele and Loubeyre 2007; Klotz et al. 2009). Ne is thus one of the most 59 

desirable pressure media in high-pressure studies. In addition, the deep interior of giant 60 

planets, such as Jupiter, is expected to contain a certain amount of Ne (Wilson and 61 

Militzer 2010). Based on the measurements from the Galileo probe, the concentration of 62 

Ne in the Jupiter’s atmosphere is one order of magnitude lower than that of the protosolar, 63 

indicating that a certain amount of Ne may dissolve in the helium raindrops and fall into 64 

the planetary deep interior (Roulston and Stevenson 1995; Niemann et al. 1996; Wilson 65 

and Militzer 2010). Knowledge of the physical properties of Ne at high P-T conditions is 66 

also important for understanding the structure of giant planets. 67 

 68 

At 300 K, the supercritical Ne fluid crystallizes in the face-centered-cubic (fcc) structure 69 

at 4.7 GPa (Finger et al. 1981; Vos et al. 1991). No phase transition was identified for Ne 70 

up to 236 GPa at 300 K (Hemley et al. 1989; Dewaele et al. 2008; Takemura et al. 2010). 71 

The melting temperature of Ne follows a linear increase with pressure up to 70 GPa and 72 

exhibits a much weak dependence on pressure (Vos et al. 1991; Solca et al. 1998; Datchi 73 

and Loubeyre 2000; Santamaría-Pérez et al. 2010). Between 20 and 40 GPa, the melting 74 

temperature of Ne is 700-1600 K lower than that of Ar, Kr, and Xe (Zha et al. 1986; 75 

Boehler et al. 2001; Ross et al. 2005; Santamaría-Pérez et al. 2010). In particular, the 76 
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elasticity of Ne is important in understanding its bonding character and phase stability at 77 

high P-T conditions. It was experimentally determined between 0.2 and 7 GPa at 300 K 78 

using Brillouin spectroscopy (Shimizu et al. 2005). Theoretical studies extended the 79 

investigated pressure up to 100 GPa at 0 K and reported a near-linear increase in the 80 

single-crystal elasticity of Ne with pressure, although Gupta and Goyal (2009) suggested 81 

that both C11 and C44 of solid Ne exhibit a slightly reduced increase rate with pressure 82 

between 60 and 100 GPa at 0 K (Tsuchiya and Kawamura 2002; Shimizu et al. 2005; 83 

Zarochentsev et al. 2006; Pechenik et al. 2008; Gupta and Goyal 2009). The sound 84 

velocity of Ne was also determined below 300 K at 1 bar to 1 GPa (Batchelder et al. 1967; 85 

Balzer et al. 1971; Kortbeek et al. 1988). At 1 bar, Ne crystallizes at 24.4 K, and both 86 

compressional- (VP) and shear-wave velocity follow a nonlinear decrease with 87 

temperature from 0 K to ~24 K (Batchelder et al. 1967; Balzer et al. 1971). At a given 88 

temperature between 98 and 298 K, VP of Ne exhibits a non-linear increase with pressure 89 

up to 0.8 GPa (Kortbeek et al. 1988). To date, we still lack experimental constraints on 90 

the sound velocity of Ne at simultaneously high P-T conditions above 7 GPa and 300 K.  91 

 92 

In this study, we have measured the sound velocity of polycrystalline Ne using Brillouin 93 

scattering in externally-heated diamond anvil cells (EHDACs) at simultaneously high P-T 94 

conditions up to 53 GPa and 1100 K. Our results provide crucial constraints on the 95 
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combined effect of pressure and temperature on the sound velocity of Ne. We further 96 

compared the velocity of Ne with other heavier rare gases for understanding their 97 

characters at high P-T conditions.  98 

 99 

2. Experimental details 100 

High P-T experiments were performed using the BX90 EHDACs with 300-μm culet 101 

diamonds (Kantor et al. 2012). Two Pt foils, placed 80 μm away from the diamond culet 102 

center and separated by 90o, were used as the pressure calibrant (Fei et al., 2007). A ruby 103 

sphere was also loaded into the EHDAC as the pressure indicator during Ne loading. 104 

Temperature was determined by an R-type thermocouple which was placed ~500 μm 105 

away from the culet edge. A ring-shaped alumina ceramic heater coiled by two 106 

platinum-rhodium wires was attached on top of one diamond and used as the heat supply. 107 

The heater was placed around the anvils to provide a steady and sustained 108 

high-temperature environment. The temperature gradient in our EHDAC is within ±5 K. 109 

Ne was pressurized at room temperature into the EHDACs using the gas loading system 110 

at the GSECARS of the Advanced Photon Source (APS), Argonne National Laboratory 111 

(ANL). The supercritical Ne fluid was captured in the sample chamber during remote 112 

closing of the DAC. High P-T Brillouin scattering measurements were performed up to 113 

53 GPa and 1100 K at 13-BMD, GSECARS of the APS, ANL. The sound velocity of Ne 114 
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was measured at 300, 550, 800, and 1100 K at high pressures, respectively. Brillouin 115 

spectra were collected in the forward scattering geometry with an external scattering 116 

angle of 50° using a six-pass Sandercock tandem Fabry-Perot interferometer (Figure 1). 117 

Acoustic velocities of Ne were calculated using the measured Brillouin frequency shift, 118 

BΔ , following equation: 119 

B 0Δ=
2sin( 2)

 


V , 120 

where V  is the acoustic velocity, 𝜆0 is the incident laser wavelength (532 nm), 𝜃 is 121 

the external scattering angle. At selected P-T conditions, we rotated the sample by 120o to 122 

examine the potential anisotropy of our polycrystalline Ne. After each high P-T Brillouin 123 

measurement, we have also collected the X-ray diffraction pattern of Pt to determine the 124 

pressure (Fei et al. 2007). The sound velocity of Ne at 300 K was measured after the 125 

temperature quench to minimize the deviatoric stress inside the EHDAC.  126 

 127 

3. Results and discussion 128 

Figure 1 shows the typical Brillouin spectra of Ne at high P-T conditions. In most 129 

collected Brillouin spectra, only VP of the solid Ne was observed because the shear wave 130 

was too weak to be detected by our Brillouin measurements or was shown as a tiny bump 131 

which cannot yield reliable constraints on the shear-wave velocity. Here we have also 132 

examined the anisotropy of our polycrystalline Ne by rotating the sample over 120o at a 133 
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given P-T condition (Figure 2). Below 23 GPa, solid Ne inside the EHDACs maintained 134 

an excellent hydrostaticity at 550 K. Yet increasing pressure produced a weak anisotropy 135 

in the investigated solid Ne. The variation of VP was noted to be within ±3.5% above 23 136 

GPa at 550 K (Figure 2). Our high P-T measurements have shown that VP of Ne followed 137 

a non-linear increase with pressure at a given temperature (Figure 3). Increasing 138 

temperature was noted to cause an apparent decrease in VP, and the effect of temperature 139 

on VP of Ne dramatically weakens at higher pressures (Figures 3 and 4). At 20 GPa, 140 

elevating temperature by 100 K leads to a 2.4% decrease in VP, whereas it can only lower 141 

VP by 0.4% at 50 GPa (Figure 4). Here we have also calculated the density of Ne using 142 

the thermal equations of state in Fei et al. (2007) and constructed the relationship of VP 143 

with density up to 53 GPa and 1100 K. At 300 K, VP of Ne increases linearly with density 144 

following the Birch’s law (Birch 1961). Yet it exhibits a weak non-linear dependence on 145 

density at high temperatures. In addition, we have also observed a decrease in VP with 146 

increasing temperature at a given density. 147 

 148 

Although we lack experimental constraints on VP of Ne below 9 GPa at 300 K, our 149 

measured VP above 9 GPa follows the same trend with pressure as VP in Shimizu et al. 150 

(2005) for solid Ne between 4.6 and 7 GPa (Figure 3). We further compared our obtained 151 

VP with the theoretical predictions which were performed at 0 K (Figure 5) (Tsuchiya and 152 
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Kawamura 2002; Zarochentsev et al. 2006; Pechenik et al. 2008; Gupta and Goyal 2009). 153 

Although these theoretical calculations yield conflicting results on VP of Ne at high 154 

pressures and 0 K, they all predicted a non-linear increase in VP which is similar to our 155 

observation (Tsuchiya and Kawamura 2002; Zarochentsev et al. 2006; Pechenik et al. 156 

2008; Gupta and Goyal 2009). It is interesting to note that the supercritical fluid to solid 157 

phase transition in Ne at 300 K can cause a sudden increase by 10.5 % in VP at 4.7 GPa 158 

(Shimizu et al., 2005). Here we observed a discontinuous increase in VP of Ne at both 800 159 

K and 1100 K, which should be associated with the supercritical fluid to solid phase 160 

transition (Figure 3). An abnormal reduced increasing rate of VP was observed at 13 GPa 161 

and 800 K before the supercritical Ne fluid transitioned into the solid phase, and a similar 162 

abnormal reduced increase rate occurred around 24 GPa at 1100 K. Yet the unusual 163 

reduced increase rate of VP before the occurrence of the supercritical fluid-solid phase 164 

transition may not be apparent at relatively low temperatures and thus was not observed 165 

at 550 K in this study and at 300 K in the literature (Shimizu et al. 2005). Due to limited 166 

experimental data points, here we can only provide an estimation on the velocity jump at 167 

high temperatures. The supercritical fluid to solid phase transition at 800 K around 15 168 

GPa is estimated to produce a 10% (± 1.5%) jump in VP. At 1100 K, VP of Ne exhibits a 169 

much weaker dependence on pressure from 24 GPa, and the VP contrast between the 170 

supercritical fluid and solid phases is about 11% (± 3%) (Figure 3).  171 
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 172 

Heavier rare gases such as Ar, Kr and Xe are also important pressure media in high 173 

pressure experiments (e.g. Liebenberg 1979; Asaumi and Ruoff 1986; Jephcoat et al. 174 

1986; Mao et al. 1986; Klotz et al. 2009). We further compare VP of Ne with that of the 175 

other rare gases mentioned above to understand the bonding characters of these simple 176 

molecule solids at high pressures (Figure 6) (Grimsditch et al. 1986; Polian et al. 1989; 177 

Kume et al. 1998; Shimizu et al. 2001; Sasaki et al. 2009; Chen et al. 2010; Marquardt et 178 

al. 2013). Although previous experimental studies normally grew single-crystal rare gases 179 

below 10 GPa and determined the single-crystal elasticity, these single crystals gradually 180 

re-crystalized and turned into polycrystals at higher pressures (Chen et al., 2010; 181 

Grimsditch et al. 1986; Polian et al. 1989; Kume et al. 1998; Marquardt et al., 2013; 182 

Shimizu et al. 2001; Sasaki et al. 2009). As a result, sound velocities of the rare gases in 183 

literature above 10 GPa were usually measured in various directions at a given pressure, 184 

and the maximum and minimum measured values were used to describe the directional 185 

dependence of the sound velocity (Grimsditch et al. 1986; Polian et al. 1989; Kume et al. 186 

1998; Shimizu et al. 2001; Sasaki et al. 2009; Chen et al. 2010). Figure 6 shows the 187 

measured maximum and minimum VP of rare gases from the literature to compare them 188 

with our results for solid Ne. It is worth noting that previous experimental studies yield 189 

conflicting results on the maximum (minimum) VP of Ar between 4 and 70 GPa at 300 K 190 
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(Figure S1) (Grimsditch et al., 1986; Shimizu et al., 2001; Marquardt et al., 2013; Chen et 191 

al., 2010). Here we showed the largest (lowest) value of the maximum (minimum) VP of 192 

Ar (Figure 6). 193 

 194 

In contrast to Ar, Xe, and Kr, solid Ne remains in the fcc structure up to 236 GPa at 300 195 

K (Hemley et al. 1989; Dewaele et al. 2008; Takemura et al. 2010). Yet both Kr and Xe 196 

were observed to transform from the fcc structure to the hexagonal-closest-packed (hcp) 197 

phase below 3 GPa, and the fcc and hcp phases could coexist up to 70-140 GPa (Cynn et 198 

al. 2001; Errandonea et al. 2002, 2006; Rosa et al. 2018). Although Sasaki et al. (2009) 199 

observed a splitting of VP in the Brillouin measurements at 10 GPa which could be related 200 

to the fcc to hcp phase transition, the measured sound velocity in other studies did not 201 

exhibit any anomaly at 10 GPa (Polian et al. 1989; Kume et al. 1998). The reported value 202 

in literature above 5-10 GPa for both Xe and Kr should thus be a combined velocity of 203 

the fcc and hcp phases (Polian et al. 1989; Kume et al. 1998; Sasaki et al. 2009). Here we 204 

have noted that VP of Ne is much greater than that of Xe and Kr at high pressures and 205 

exhibits a stronger dependence on pressure (Figure 6). Comparing the VP of Ne to the 206 

average of the maximum and minimum VP of Kr and Xe has shown that, at 10 GPa, the 207 

difference in VP between Ne and Xe (Kr) is 26% (17%). At 30 GPa, the difference in VP 208 

between Ne and Xe (Kr) increases to 33% (23%).  209 
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 210 

Due to the conflicting results of Ar in previous studies, it is hard to directly compare the 211 

VP of Ne to Ar at high pressures and 300 K (Figure 6 and S1) (Grimsditch et al. 1986; 212 

Shimizu et al. 2001; Chen et al. 2010; Marquardt et al. 2013). For comparison, we choose 213 

the VP data in Marquardt et al. (2013) which provided constraints on the VP of Ar at 214 

simultaneously high P-T conditions. The hcp-Ar was reported to coexist with the fcc 215 

phase from 49.6 GPa at 300 K, but previous studies did not observe any notable 216 

discontinuity in the sound velocity across the phase transition up to 70 GPa (Shimizu et 217 

al. 2001; Errandonea et al. 2006; Marquardt et al. 2013). Like Ne, VP of Ar increases 218 

smoothly with pressure at both 300 K and 700 K up to 70 GPa. Although VP of Ne 219 

exhibits a stronger dependence on temperature, elevating temperature has a minor effect 220 

on the VP of Ar. The temperature dependence of VP for Ne dramatically decreases with 221 

increasing pressure (Figure 7). In contrast to Ne, the effect of temperature on the VP of Ar 222 

reaches the maximum at 27 GPa and starts to weaken gradually with increasing pressure 223 

above 27 GPa (Figure 7). At 20 GPa, elevating temperature from 300 K to 700 K can 224 

cause a 9.6% reduction in the VP of Ne but only lowers the VP of Ar by 2.4% (Figure 7b). 225 

At 50 GPa, increasing temperature to 700 K can cause a similar reduction in the VP of Ne 226 

to Ar. The effect of temperature on Kr and Xe at high pressures is unknown and needs 227 

further investigation. 228 
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 229 

4. Implications 230 

Compared to other giant planets in the solar system, Jupiter is best characterized due to 231 

the measurements of the Galileo probe (Niemann et al. 1996; Seiff et al. 1996, 1998; 232 

Little 1999). Based on the measurements of the Jupiter atmosphere from the Galileo 233 

probe, a certain amount of Ne is expected to dissolve in the helium droplets (Roulston 234 

and Stevenson 1995; Wilson and Militzer 2010). The predicted separation of hydrogen 235 

and helium will cause Ne to concentrate in the mantle of Jupiter below the 236 

hydrogen-helium immiscibility line (Roulston and Stevenson 1995; Wilson and Militzer 237 

2010). Our measured VP of Ne is useful for understanding the velocity structure of giant 238 

planets, such as Jupiter. The phase diagram of Ne has shown that it should be present as 239 

supercritical fluid in the mantle of Jupiter according to the speculated P-T conditions 240 

(Saumon and Guillot 2004; Santamaría-Pérez et al. 2010; Nettelmann et al. 2012; 241 

Militzer and Hubbard 2013). Here, our measurements have shown that VP of the 242 

supercritical Ne fluid exhibits a downward trend with increasing pressure above 800 K. 243 

Increasing pressure has a weak effect on the VP of the supercritical Ne fluid at 800 K and 244 

1100 K, although there are only two data points for the supercritical Ne fluid at 1100 K. It 245 

indicates that the variation in temperature has a stronger effect on the VP of the 246 

supercritical Ne fluid than pressure. The mantle temperature of Jupiter was predicted to 247 
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be between 6300 and 21000 K (Guillot 1999). Under such high temperature conditions, 248 

VP of the supercritical Ne fluid in the Jupiter’s mantle will be much less than 5 km/s. Our 249 

in-situ high P-T results together with phase boundary thus provide the fundamental 250 

knowledge on velocity characters of Ne at high P-T conditions, which can help to reveal 251 

new insights on the velocity structure of the Jupiter. 252 

 253 

In summary, we have determined the VP of Ne at simultaneously high P-T conditions 254 

using Brillouin scattering up to 53 GPa and 1100 K. The solidification of Ne was 255 

observed to cause a sudden increase in VP. Furthermore, an abnormal reduced increase 256 

rate of the VP in the supercritical Ne fluid was observed at both 800 K and 1100 K before 257 

the phase transition. Such abnormal reduced increase rate of the VP did not appear below 258 

550 K. At all the investigated temperatures, VP of solid Ne follows a non-linear increase 259 

with pressure, which is similar to other rare gases, such as Ar, Kr, Xe. Yet VP of Ne 260 

exhibits a stronger dependence on pressure than Xe and Kr. Elevating temperature at a 261 

given pressure leads to a linear decrease in VP. It is interesting to note that the effect of 262 

temperature on VP of solid Ne dramatically weakens at higher pressures. Increasing the 263 

temperature by 100 K at 20 GPa can lower VP of Ne by 2.4%, yet the reduction drops to 264 

0.4% at 50 GPa. In addition, temperature has a stronger effect on VP of Ne than that of Ar 265 
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below 50 GPa. Future studies are expected to provide constraints on the combined effect 266 

of pressure and temperature on the sound velocity of other rare gases.  267 
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Table 1. Measured VP of Ne at high P-T 442 

P (GPa) T (K) VP (km/s) State 
9.5(1) 300 4.72(3) Solid 
9.6(1) 300 4.56(3) Solid 

10.9(2) 300 4.96(3) Solid 
11.5(2) 300 5.11(4) Solid 
14.2(2) 300 5.57(4) Solid 
21.2(4) 300 6.38(4) Solid 
23.4(4) 300 6.61(5) Solid 
27.3(4) 300 6.99(5) Solid 
3.5(1) 550 2.28(3) Supercritical Fluid 
4.0(1) 550 2.45(3) Supercritical Fluid 
7.4(2) 550 3.51(3) Supercritical Fluid 

11.1(2) 550 4.57(4) Solid 
11.9(2) 550 4.68(4) Solid 
12.2(2) 550 4.73(4) Solid 
13.7(2) 550 5.05(5) Solid 
14.0(2) 550 5.15(5) Solid 
15.0(3) 550 5.25(5) Solid 
16.1(2) 550 5.36(5) Solid 
16.6(2) 550 5.35(9) Solid 
18.0(2) 550 5.67(5) Solid 
18.4(1) 550 5.74(5) Solid 
20.7(2) 550 6.06(5) Solid 
22.7(4) 550 6.21(5) Solid 
24.8(4) 550 6.45(6) Solid 
27.0(6) 550 6.65(6) Solid 
31.7(3) 550 7.02(6) Solid 
35.3(5) 550 7.35(6) Solid 
40.0(1) 550 7.57(6) Solid 
49.6(5) 550 7.99(7) Solid 
3.8(1) 800 2.0(1) Supercritical Fluid 
9.2(2) 800 3.47(4) Supercritical Fluid 
9.8(2) 800 3.62(5) Supercritical Fluid 

12.9(2) 800 4.07(5) Supercritical Fluid 
18.2(3) 800 5.23(6) Solid 
23.3(3) 800 6.1(2) Solid 
26.7(3) 800 6.5(1) Solid 
33.5(2) 800 6.97(7) Solid 
38.4(4) 800 7.36(7) Solid 
19.6(2) 1100 4.8(1) Supercritical Fluid 
22.5(3) 1100 5.0(1) Supercritical Fluid 
27.9(2) 1100 6.1(1) Solid 
43.0(4) 1100 7.5(1) Solid 
43.9(4) 1100 7.6(1) Solid 
52.9(5) 1100 8.0(1) Solid 
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Figure Caption 443 

Figure 1. Representative Brillouin spectra of Ne at high P-T conditions. (a) at 35.3 GPa 444 

and 550 K; (b) at 26.7 GPa and 800 K; (c) at 22.5 GPa and 1100 K. Black lines: collected 445 

raw data; red lines: fitting results for the longitudinal modes (VP); blue lines: fitting 446 

results for the transverse modes (VS). 447 

 448 

Figure 2. Measured VP of solid Ne at varying orientations. All the data points were 449 

collected at 550 K. Blue: 8.6 GPa; green: 22.6 GPa; yellow: 31.7 GPa; lines: average 450 

value of measured VP. 451 

 452 

Figure 3. VP of Ne at high P-T conditions. (a) VP of Ne as a function of pressure. The 453 

insert figure shows the phase diagram of Ne. Solid lines: shown for readers to follow the 454 

trend with increasing pressure; dashed grey line: phase boundary between the 455 

supercritical fluid and solid Ne; solid line in the insert figure: melting curve of Ne 456 

determined in this study; dashed line in the insert figure: melting curve of Ne from 457 

previous studies (Vos et al. 1991; Santamaría-Pérez et al. 2010); (b) VP of Ne as a 458 

function of density. Open symbols: supercritical Ne fluid; solid symbols: solid Ne; circles: 459 

this study; square: Shimizu et al. (2005); blue: 300 K; green: 550 K; orange: 800 K; red: 460 

1100 K. Error bars are smaller than symbols when not shown.  461 
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Figure 4. Effect of temperature on VP of solid Ne at a given pressure. (a) VP of Ne at high 462 

P-T conditions; (b) Variation of VP at high pressures using VP at 300 K as the reference. 463 

Blue: 20 GPa; green: 30 GPa; orange: 40 GPa; red: 50 GPa. The standard deviations of 464 

the calculated velocity are shown as ±1σ at the bottom right corner of the figure. 465 

 466 

Figure 5. Comparing VP of Ne at high pressures and 300 K between this study and 467 

literature results. Blue: experimental results at 300 K; black: theoretical predictions at 0 K 468 

(Zarochentsev et al. 2006; Pechenik et al. 2008; Gupta and Goyal 2009); circles: this 469 

study; squares: Shimizu et al. (2005); dashed line: Zarochentsev et al. (2006); short 470 

dashed line: Pechenik et al. (2008); dashed dotted line: Gupta and Goyal (2009). 471 

 472 

Figure 6. Comparing VP of Ne to other rare gases at high pressure and 300 K. Red: Ne 473 

(this study); blue: Ar (Grimsditch et al. 1986; Shimizu et al. 2001; Chen et al. 2010; 474 

Marquardt et al. 2013); green: Kr (Polian et al. 1989; Kume et al. 1998); orange: Xe 475 

(Sasaki et al. 2009); circles: experimental data of Ne in this study; squares: experimental 476 

data of Ne from Shimizu et al. (2005); dashed line: VP of Xe and Kr calculated using the 477 

corresponding single-crystal elastic moduli (Kume et al. 1998; Sasaki et al. 2009); shaded 478 

area : the upper and lower bounds of VP for polycrystalline Ar, Xe, and Kr in literature 479 
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(Grimsditch et al. 1986; Polian 1992; Shimizu et al. 2001; Sasaki et al. 2009; Chen et al. 480 

2010; Marquardt et al. 2013).  481 

 482 

Figure 7. Effect of temperature on VP of Ne and Ar at high pressures. (a) VP at high P-T 483 

conditions. Red: Ne (this study); blue: Ar (Marquardt et al. 2013); solid lines: 300 K; 484 

dashed lines: 700 K; (b) Variation of VP at high pressures using VP at 300 K as the 485 

reference. Red: Ne; blue: Ar (Marquardt et al. 2013). The standard deviations of the 486 

calculated velocity are shown as ±1σ at the bottom left corner of the figure. 487 

 488 
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