
Research Articles

Science  26 March 2026 1387

WATER
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The search for the liquid-liquid critical point in supercooled 
water is challenging owing to rapid crystallization. We studied 
supercooled water at timescales before ice formation by 
heating high- and low-density amorphous ices using infrared 
ultrafast laser pulses, followed by x-ray scattering. By varying 
the pump laser fluence, we accessed liquid states straddling the 
predicted critical point. We observed a crossover from a 
discontinuous to a continuous transition at which broad and 
slow structural variations occurred, consistent with critical 
fluctuations and slowing down. We also observed a rapid 
increase in the heat capacity indicating a critical divergence at 
210 ± 8 K coincident with enhanced density fluctuations. These 
results suggest that our experiments have directly probed the 
vicinity of a critical point in supercooled water.

Water is notable for its many anomalies, such as a density maximum 
at 277 K. These anomalies grow upon cooling below the freezing point 
into the metastable supercooled regime (1). In particular, the apparent 
divergence of water’s isothermal compressibility (κT) (2), heat capacity 
(CP) (3), and correlation length (ζ) (4) approaching a temperature of 
228 K has resulted in an intense search for the origin of this anoma-
lous behavior.

In 1992, a bold hypothesis proposed that water’s anomalies are 
caused by a second critical point, influencing a large region of the water 
phase diagram (5). In this proposal, a liquid-liquid transition (LLT) in 
supercooled water, occurring between high-density liquid (HDL) and 
low-density liquid (LDL) phases (5–8), terminates at a liquid-liquid criti-
cal point (LLCP). The proposed LLCP occurs at positive pressure, and so 
at lower and ambient pressure, no discontinuous transition is observed 
(5, 9). Other scenarios have been proposed for water’s divergent ther-
modynamic response functions (10–13), but experiments have shown 
inconsistencies with these hypotheses (8, 14–24). Several molecular 
dynamics (MD) simulations exhibit a LLCP, but with a large variation, 
depending on the water model, in its location in terms of pressure and 
temperature (Pc and Tc) (9, 25–28). Theoretical two-state modeling and 
extrapolation of water’s thermodynamic properties also support the 
existence of a LLCP (29–31).

Direct experimental observation of the LLCP is extremely challeng-
ing because, at its predicted location in the water phase diagram, ice 

crystallization occurs on a microsecond timescale (8, 18, 20). How
ever, recent experiments, exploiting ultrafast techniques to rapidly 
change temperature and pressure and then probe the liquid structure, 
have successfully studied bulk liquid water under these conditions 
(8, 15–18, 20, 21, 24). These experiments have observed a HDL-to-LDL 
phase transition at positive pressure (8, 15), continuous phase behavior 
at 1 bar at temperatures down to 228 K (16, 17, 21, 24), and the presence 
of maxima in several thermodynamic response functions at 1 bar and 
230 K (16, 17).

In previous experiments that investigated the LLT by pumping 
amorphous ices with infrared (IR) femtosecond laser light, the intense 
ultrashort pulse induced additional excitations of the electron system 
due to multiphoton nonlinear effects, and not all deposited energy 
contributed to vibrational heating (8, 15). In this study, we instead 
used a nanosecond IR laser where the pulse length is 105 times larger 
(using a 5-ns pulse duration), thereby eliminating any nonlinear effects 
and allowing all deposited energy to be channeled into vibrational 
heating. The resulting increased heating power enabled both high-
density amorphous ice (HDA) and low-density amorphous ice (LDA) 
to be laser-pumped to higher temperatures that include the predicted 
region of the LLCP.

Experimental design
The experiments were performed by mounting HDA and LDA samples 
in a cryostat inside a vacuum chamber and carrying out pump-probe 
measurements in transmission geometry using IR and x-ray laser 
beams (fig. S1) (32). The procedure was similar to previous studies 
(8, 15), except for the usage of a nanosecond IR laser for heating the 
sample and, in a few experiments, a combination of both nano- and 
femtosecond IR laser beams, at 2-μm wavelength. By keeping both the 
HDA (115 K) and LDA (135 K) samples at or slightly above their glass 
transition temperatures before pumping, the sample was already in 
its ultraviscous liquid state. The samples were heated to a liquid, ap-
proximately along an isochore on a timescale of nanoseconds, followed 
by a decompression process on a longer timescale. Simulations have 
confirmed fast liquid-like diffusion at temperatures around 200 K 
on timescales of <20 ps after rapid heating of the amorphous state 
(8). After heating, each sample was probed with a 50-fs x-ray pulse at 
9.5 keV at a chosen time delay after the IR pump pulse, ranging from 
12.6 ns up to the microsecond timescale, and the x-ray scattering pat-
tern was recorded. The sample was moved to a fresh position for each 
pump-probe shot.

Figure 1A shows a schematic pressure-temperature (P-T) phase dia-
gram for supercooled water, displaying the HDL-LDL binodal, the HDL 
and LDL spinodals, the LLCP, and a supercritical region. The arrows 
illustrate the approximate experimental process for HDA, initiated 
with approximate isochoric heating, followed by isothermal decom-
pression to lower pressure at various temperatures below and above 
Tc, depending on the fluence of the IR laser pump. Figure 1B shows 
schematic plots of Gibbs free energy versus density corresponding to 
the phase behavior in Fig. 1A, at different times as pressure decreases 
during decompression, consistent with results of recent MD simula-
tions (27, 28, 33). These plots depict the time evolution of the sample 
density, initially in the HDL phase immediately after heating, in terms 
of how the free energy surface changes along the decompression paths 
in Fig. 1A. At a low temperature (T1), there is a barrier between the 
LDL and HDL basins throughout decompression, and so the phase 
transition occurs through nucleation and growth, generating slowly 
growing LDL domains. When the temperature is higher (T2), slightly 
below Tc, the HDL basin disappears during decompression, and spi-
nodal decomposition occurs, with rapid development of small LDL 
domains (34). At Tc (T3), and at pressures close to the LLCP, there is a 
negligible free energy barrier, creating critical HDL and LDL domains 
with a wide range of length scales. Above Tc (T4), there is only a single 
liquid basin, with supercritical fluctuations, and the density of the free 
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energy minimum decreases during decompression. The characteristic 
coarse-grained structure of the system in these four cases is illustrated 
in Fig. 1C using the three-dimensional (3D) Ising model. The Ising 
model exhibits an archetypal first-order phase transition, terminating 
at a critical point belonging to the same universality class predicted 
for the LLCP in water. Figure 1C shows example slices through the 
Ising system at the halfway point of the phase transition under condi-
tions analogous to each of the four paths shown in Fig. 1A (32). We 
tested for the signatures of the behavior predicted in Fig. 1, A to C, in 
our HDA heating experiments, as revealed by the first peak in the 
structure factor of wide-angle x-ray scattering (WAXS) and in the low 
momentum transfer (q) region of small-angle x-ray scattering (SAXS).

Figure 1D shows the P-T phase diagram depicting the experimental 
process for LDA. Figure 1E shows the evolution of the free energy cor-
responding to several decompression paths that follow heating of LDA. 
Isochoric heating of LDA resulted in the formation of HDL domains, 
which was ascribed to crossing the binodal (15), as depicted at T1 in 
Fig. 1D. The density of LDA (0.94 g/cm3) is closer than that of HDA 
(1.17 g/cm3) to the predicted critical density (ρc) of the LLCP (1.023 ± 
0.007 g/cm3; see Discussion). Therefore, the additional heating with the 
nanosecond laser may bring the LDA sample close to the P-T conditions 
of the LLCP, resulting in sampling of a wide range of densities after 

heating and during decompression, as 
illustrated at T2 and T3 in Fig. 1, D and E. 
These predictions were tested using the 
high fluence conditions in our experiments.

X-ray scattering of HDA
Figure 2 shows the x-ray scattering signals 
of HDA at different pump-probe delays 
in the q ranges of WAXS and SAXS for 
four different pump laser fluences (32). 
Figure 2A shows the WAXS signal at a 
fluence of 3 J/cm2. The peak position be-
fore heating was at q = 2.1 Å−1 (fig. S2) 
(32), in good agreement with recent x-ray 
studies (8, 35–37). At later delays, the 
peak position remained constant but de-
creased in intensity, and, simultaneously, 
a shoulder appeared at q = 1.7 Å−1, cor-
responding to the q position of LDA 
(8, 35–37). The position and intensity of 
the 1.7 Å−1 feature are consistent with (8) 
at the maximum fluence of the femtosec-
ond IR laser used in that study, suggesting 
that the nanosecond laser used in this 
study deposits equivalent energy (fig. S3) 
(32). The SAXS signal at the 3 J/cm2 flu-
ence (Fig. 2B) shows a weak maximum 
enhancement at 25 ns. If there are grow-
ing LDL domains at longer delays, as 
indicated by the WAXS signal, then they 
are likely so large that their SAXS signa-
ture appears at lower q values outside 
our detection window.

Figure 2C shows the WAXS signal when 
the fluence was increased to 11 J/cm2, 
and it is similar to Fig. 2A, but with much 
faster and complete transformation to 
LDL at 1 μs. Comparison with the trans-
formation rate found with femtosecond 
heating (38) suggests that the transition 
in Fig. 2C occurs ~100 times faster, in-
dicating that 11 J/cm2 accesses lower-
viscosity liquid states and a lower, and 

perhaps vanishing, LLT free energy barrier, consistent with a crossover 
from nucleation to spinodal decomposition. We also note that the LDL 
WAXS peak at 1 μs exhibits clear asymmetry at higher q values, which 
is not seen in LDA but is typically observed in liquid states at tempera-
tures of >200 K (18, 24, 32, 39, 40) (fig. S24). Figure 2D shows the 
SAXS curves at 11 J/cm2, which exhibit much stronger and persistent 
enhancement within our q range than in Fig. 2B.

As the laser fluence increased to 15 J/cm2 (the maximum power of 
the nanosecond IR laser), the WAXS signature of two distinct liquids 
was less evident, as shown in Fig. 2E. At the first delay (12.6 ns), the 
HDL-related peak decreased in height and broadened as the intensity 
grew around 1.7 Å−1. At longer delays (50 to 200 ns), a single broad 
feature centered at a q position between HDL and LDL was observed, 
with only small changes occurring at later times. Additionally, Fig. 2F 
shows that the increase in SAXS intensity was much stronger com-
pared with lower fluences. The maximum SAXS intensity occurred at 
200 ns, and not at the longest delay, indicating that the maximum peak 
intensity had passed during decompression.

Further change in system behavior occurred as the laser fluence 
increased to 20 J/cm2 (the maximum combined power of the nano- and 
femtosecond lasers), as shown in Fig. 2G. The WAXS signal showed a 
continuous shift from HDL at early delays, to q positions between HDL 
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Fig. 1. The experimental approach to the LLT and LLCP. (A) A hypothetical water P-T phase diagram showing the HDL-LDL 
binodal line (black solid line), the HDL and LDL spinodals (dashed lines, red and blue, respectively), and the LLCP (black circle). 
The orange line and arrows show approximate isochoric heating of HDA to four different temperatures, followed by 
decompression to 1 bar. (B) Schematic representation of the Gibbs free energy versus density during decompression at the 
four temperatures shown in (A). In each panel, the evolution with time t of the free energy is shown, from top to bottom, after 
the heating (black), near the coexistence of HDL and LDL (red), evolving toward the final pressure (green), and at the final pressure 
after decompression is complete (blue). For each curve, the range of densities manifested in the sample are indicated in gray. The 
height of the free energy barrier in the vicinity of the critical point is on the order of kT or less, where k is Boltzmann's constant. 
(C) Cross sections of 3D Ising model configurations at the midpoint of the transition from the initial phase (yellow) to the final 
phase (blue) following isothermal paths analogous to those shown in (A), at different temperatures above and below the 
critical temperature (Tc). These images provide a course-grained snapshot of the various processes that occur along the 
decompression paths in (A), showing (from left to right) nucleation at T = 0.7 Tc, spinodal decomposition or nucleation at 0.95 Tc, 
critical fluctuations at Tc, and supercritical fluctuations at T = 1.1 Tc. Note that the difference between Tc and 1.1 Tc is subtle, 
but the former shows regions with larger domain sizes owing to critical fluctuations on all length scales. (D) Same as in (A), but 
showing heating of LDA to three different temperatures close to the LLCP, followed by decompression to 1 bar. (E) Schematic 
representation of the evolution of the Gibbs free energy during decompression at the three temperatures shown in (D). The 
color of each curve has the same meaning as in (B).
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and LDL at intermediate delays (q = 1.9 Å−1 at 200-ns delay), and to-
ward the LDL scattering curve, but with a greater asymmetry at 1 μs. 
The SAXS signal showed a smaller maximum enhancement in com-
parison to that at 15 J/cm2 laser fluence.

To estimate the temperature reached using different fluences, we 
analyzed the q position of the LDL phase at the end of decompression 
and compared it with the corresponding position from a recent ultra-
fast electron diffraction study of rapidly cooled water at 1 bar (fig. S7) 
(32). We estimated that the temperature at 3 J/cm2 is 205 K, at 11 J/cm2 
is 210 K, at 15 J/cm2 is 213 K, and at 20 J/cm2 is 213 K. The error in 
each temperature estimate is less than ±4 K. However, these tempera-
ture estimates obtained after decompression represent an upper limit, 
as heating can occur during sample expansion (26).

Temperature and heat capacity estimation after heating LDA
In the case of heating LDA, the Bragg shift of the ice formed after crys-
tallization can be used to determine the temperature reached after heat-
ing at different fluences (8). Approximately 10 pump-probe shots were 
used to estimate the temperature at each fluence (fig. S8) (32). Figure 3A 
shows the average Bragg shift as a function of laser fluence. We deter-
mined the relationship between the absolute temperature and the Bragg 
shift using a comparison of electron diffraction data measured on cold 
water (24) and x-ray scattering of the fully compressed HDA (fig. S8) 
(32). The absolute temperature of the heated LDA was estimated using 
this relationship. Figure 3A shows a rapid increase in temperature up 
to 5 J/cm2, after which the temperature plateaus at higher fluences. 
Despite the large increase in deposited energy, the sample temperature 
increased slowly, implying a rapid increase in the heat capacity at 
higher fluences.

Although laser heating occurs approximately isochorically, after 
heating, the system is free to explore density fluctuations and the aver-
age density changes during decompression, and so we assume that the 
sample temperature established by the heating energy Q is controlled by 
the isobaric heat capacity CP = dQ/dT. Along the critical isobar approach-
ing the LLCP, CP is expected to obey a power law with a critical 
exponent γ = 1.26, as predicted for the 3D Ising universality class (41)

where a and c are constants.
To test whether the observed relation between heating energy and 

temperature is consistent with the approach to a LLCP, we derived a 

fitting function for the fluence as a function of temperature and fit 
this using the temperature values obtained from analyzing Fig. 3A 
(32). The result is shown in Fig. 3B, demonstrating that the data are 
in line with a power law divergence of CP, with a best-fit value for Tc 
of 210 ± 8 K. We note that the data in Fig. 3B are obtained by heating 
samples to various temperatures along a near-critical isochore rather 
than the critical isobar. Nonetheless, the qualitative behavior, in which 
CP increases strongly as the temperature increases, is consistent with 
the approach to a LLCP at the highest fluence studied here.

X-ray scattering of LDA
Figure 4, A to C, shows the WAXS signal for LDA obtained at various 
delays, for three different laser fluences (32). Figure 4A shows the 
WAXS data at a fluence of 4 J/cm2. The peak position before heating 
is at q = 1.7 Å−1 (32), in good agreement with recent studies on LDA. 
At short delays, a weak shoulder appears at the position of HDA, as 
was observed in the previous study using a femtosecond IR laser, 
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Fig. 2. X-ray scattering during the decompression process of HDA at different laser fluences. (A, C, E, and G) Experimental WAXS intensities around the first peak in the structure 
factor at different delays after laser pumping of HDA at 3, 11, 15, and 20 J/cm2 laser fluence. (B, D, F, and H) Experimental SAXS intensities between q = 0.05 to 0.25 Å−1 at the same 
delays and laser fluences as in (A), (C), (E), and (G). The intensity scales are the same for (A), (C), (E), and (G) and for (B), (D), (F), and (H), respectively. a. u., arbitrary units.
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Fig. 3. Determination of temperature reached after laser heating of LDA.  
(A) The shift of the ice Bragg peaks after crystallization as a function of laser 
fluence, at a delay of 30 μs. The error bars indicate the standard deviation of the 
data from ∼10 independent measurements, and the filled squares indicate the average. 
(B) Laser energy versus the average of estimated temperatures based on the shift of 
the ice Bragg peaks after crystallization. The absolute temperature was determined by 
comparing the shift in ice to the Bragg shifts of HDA, where a previous electron 
diffraction study enabled a comparison to the temperature of the liquid before crystal-
lization (see main text). A power law (red curve) based on Eq. 1 is fitted to the average 
temperature data to test for a divergence in CP. The estimated divergence tempera-
ture from the fit is 210 ± 8 K.
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indicating coexistence of LDL and HDL (15). At 1 μs, the sample de-
compressed back to LDL, and the estimated temperature based on the 
data in Fig. 4A was 197 K.

Figure 4B shows the WAXS signal when the fluence is substantially 
increased to 11 J/cm2. The time evolution of the WAXS signal was very 
different from 4 J/cm2, consistent with the sample entering the high 
heat capacity regime (Fig. 3B). A complete transformation already 
occurred by 12 ns, with no trace left of the LDA peak. We observed a 
broad peak centered at 1.95 to 1.98 Å−1, with a width encompassing 
both the LDA and HDA positions. The WAXS feature shifted back 
toward the LDL position through decompression at delays of 50 and 
200 ns. The corresponding temperature was ∼208 K.

As the fluence increased to 15 J/cm2, the WAXS signal resembled 
that at 11 J/cm2 at earlier times. Using the known relationship between 
the first peak of the structure factor and density (37), we observed 
that, at both 11 and 15 J/cm2, there was a rapid increase in density 
from the initial LDA value, consistent with the wide range of densities, 
spanning the densities of LDL and HDL, accessible to the sample near 
the LLCP. Decompression then occurred at later times. The difference 
between these two higher fluences was that, at 15 J/cm2, the transition 
to a lower density by decompression was slower by more than a factor 
of 10, indicating slower dynamics, even though the temperature was 
higher. Figure 4D shows selected individual WAXS shots at 0.5 μs as 
well as a shot at 3 μs, where the system was still in a higher density 
state, with a broad range of density fluctuations. The WAXS signals 
for each shot differ to some extent, indicating that the density fluctua-
tions vary at the time of probing. There are a few shots at 30 μs where 
the higher-density state is maintained alongside 10 to 20% crystalliza-
tion into hexagonal ice (fig. S25) (32). Figure 4E compares the WAXS 
curves at 15 J/cm2 obtained from LDA at an early delay time (25.2 ns) 
and from HDA at the middle of decompression (200 ns). Both show a 
similar broad WAXS signal, suggesting that both samples pass through 
a similar regime of critical-like density fluctuations along their re-
spective decompression paths. At this fluence, the temperature was 
∼210 ± 8 K.

Discussion
When approaching the LLCP, 
the correlation length should di-
verge. As described in fig. S10 (32), 
we sought to measure the corre-
lation length using our SAXS data 
by fitting a Lorentzian function 
as predicted by Ornstein-Zernike 
theory (41). However, approach
ing the LLCP from low tempera-
tures triggers domain formation, 
owing to nucleation or spinodal 
decomposition, which introduces 
a strong 1/q4 contribution domi-
nating the SAXS signal at low q. 
This contribution remained strong 
even at the highest fluences, per-
haps due to the temperature gra-
dients in the sample (fig. S11) 
(32). As a result, reliable estimates 
of the correlation length were not  
obtained.

When heating HDA, the scat-
tering data in Fig. 2 reveal the 
progression of thermodynamic 
behavior depicted in Fig. 1, A and 
B. At the lowest fluence (3 J/cm2), 
a small amount of LDL nucle-
ated from HDL (path T1 in Fig. 1, 
A and B), with complete conver-

sion interrupted by crystallization, in agreement with previous HDA 
pump-probe experiments (8). At the next higher fluence (11 J/cm2), the 
HDL-to-LDL transition occurred more rapidly and progressed to com-
pletion. The SAXS signal was also stronger, indicating the rapid formation 
of small LDL domains, which then coalesced, consistent with a crossover 
from nucleation to spinodal decomposition (42, 43). The occurrence 
of such a crossover means that the sample crossed the HDL spinodal 
during decompression (path T2 in Fig. 1, A and B), evidence that the HDL 
spinodal crosses ambient pressure. The HDL spinodal can only exist 
at ambient pressure if a LLCP (from which the spinodal emanates) 
occurs at positive pressure, highlighting how the LLCP determines 
liquid behavior over a large P-T region. At a fluence of 15 J/cm2, the 
scattering signal suggested that the temperature was close to Tc (path 
T3 in Fig. 1, A and B). During decompression at Tc, critical fluctuations 
should occur, although they may be limited in size by the rate at which 
the system passes through the critical point. The WAXS signal at Tc 
consists of a single broad peak, consistent with the wide range of 
densities that are accessible when the HDL and LDL phase basins 
merge and with interference effects due to cross-correlations between 
small domains of each phase (fig. S15) (32). This broad WAXS peak 
evolves more slowly than at lower or higher fluence, consistent with 
the diverging dynamics caused by critical slowing down. The SAXS 
signal is also at its strongest, indicating a maximum in the density 
variations monitored in our q window. However, as noted above and 
in (32), a dominant 1/q4 scattering contribution in the SAXS made 
estimation of a correlation length impossible. The scattering signal at 
a fluence of 20 J/cm2 indicates heating to a temperature greater than 
Tc (path T4 in Fig. 1, A and B). In the supercritical region, only a single 
phase exists with local fluctuations. The evolution of the scattering 
peak during decompression resembles that of liquid water under cool-
ing at ambient pressure as well as pressurizing water at ambient tem-
perature (8, 40, 44). The SAXS signal remains strong, although less so 
compared with 15 J/cm2. In summary, the HDA data are consistent 
with a first-order LLT at low fluence, which becomes continuous at 
high fluence and hence must pass through the conditions of a LLCP.
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Fig. 4. X-ray scattering during the densification and decompression processes of LDA at different laser fluences.  
(A to C) WAXS intensity curves around the first peak in the structure factor at different delays after laser pumping of LDA at laser 
fluences of 4, 11, and 15 J/cm2. Small contributions due to Bragg peaks from ice contamination have been removed (fig. S13) (32). 
(D) Selected scattering shots at a laser heating fluence of 15 J/cm2 and a delay of 500 ns plus a single shot at 3 μs. (E) Comparison of 
WAXS intensity curves measured for LDA at a delay of 25 ns and HDA at 200 ns, both at 15 J/cm2 laser fluence.
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When heating LDA, the heat capacity divergence (Fig. 3) indicated 
that the LLCP occurs at ∼210 K, whereas the WAXS data (Fig. 4) at the 
higher fluences indicated a wide distribution of densities, and an in-
crease in the average density, within a few tens of nanoseconds after 
heating. These observations are consistent with paths T2 and T3 in Fig. 1, 
D and E, where isochoric heating brings the LDA sample close to the 
critical conditions, where the density range accessible to the sample 
spans an average value that is higher than the initial LDA density, and 
so the density spontaneously increased without the application of addi-
tional pressure. On the basis of MD simulations, such a scenario of rapidly 
accessing the density fluctuations of the LLCP is plausible, with a Tc in 
the range of 210 K showing density fluctuations on timescales of tens 
to hundreds of nanoseconds (25, 28, 45). Furthermore, a recent MD 
study examined the density variations during rapid isobaric quenching 
(10 K/ns) of liquid water at 300 K into the glassy state at various pres-
sures and found that there were large density variations of the glass at 
the critical pressure of the model (46). It is also possible that the LDA 
isochore reached the LDL spinodal, which would trigger HDL formation 
through spinodal decomposition, again raising the average density with-
out additional pressure. The significant (10-fold) increase in the times-
cale for relaxation back to the LDL density through decompression when 
the fluence increased from 11 J/cm2 to 15 J/cm2 is consistent with critical 
slowing down caused by a LLCP, especially given the small difference 
in temperature (a few kelvin) between these two fluences.

Our observations provide evidence for the existence of a LLCP, the 
vicinity of which has been directly probed in our experiments. A key 
remaining question: What is the location of the LLCP in the water 
phase diagram? The answer has implications for both fundamental and 
practical applications of the physical properties of water, particularly 
the formulation of accurate equations of state. Upon heating LDA, we 
observed a diverging heat capacity with Tc = 210 ± 8 K. We note that the 
q position for the first peak in the WAXS signal for LDA at 15 J/cm2 is 
located at q = 1.95 to 1.98 Å−1, depending on the delay; and using the 
known correlation between the q value of the first peak and the density 
(37), this value would correspond to ρc = 1.023 ± 0.007 g/cm3 (32). We 
estimated the critical pressure using an extrapolated equation of state, 
and with Tc = 210 ± 8 K and ρc = 1.023 ± 0.007 g/cm3, we find Pc = 
1002 ± 151 bar (31, 32). A recent simulation study, using a highly real-
istic water model based on ab initio quantum calculations, estimated 
that Tc = 198 K and Pc = 1250 bar (27).

These values are close to recent estimates for the LLCP based on 
extrapolated thermodynamic data (31) giving Tc = 207 K, ρc = 1.007 g/cm3, 
and Pc = 1050 bar as well as two-state modeling giving Tc = 218 to 219 K 
and Pc = 580 to 720 bar (30). MD simulations using the TIP4P/2005 
model have shown a diverging power law dependence in the isother-
mal compressibility and correlation length upon cooling toward the 
critical point at Pc ≈ 1800 bar and Tc ≈ 170 K (9). However, fitting a 
power law to the increase of the experimental isothermal compress-
ibility approaching the Widom line, and comparing this to MD simula-
tion results for the TIP4P/2005 model, suggests a downward shift of 
the LLCP in that model of 700 bar, locating the critical point of real 
water at approximately 1000 bar and 210 K (47). Thus, there is an 
emerging consensus that the LLCP of supercooled water lies in the 
vicinity of Tc = 205 to 215 K and Pc = 1000 bar.
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Editor’s summary
Polyamorphism and the resulting liquid-liquid critical point (LLCP) in supercooled water are intriguing phenomena in
condensed-matter science. Rapid spontaneous ice formation that the water can undergo when probed makes finding
the LLCP extremely challenging experimentally. Previously, evidence for polyamorphism relied on indirect signs such
as extrapolating unusual physical properties, the presence of two amorphous ice forms, and liquid-liquid transitions
in simulations. Experiments presented by You et al. with isochoric heating of high- and low-density amorphous ices
using infrared ultrafast laser pulses followed by x-ray scattering at time scales before ice formation have directly and
convincingly demonstrated two liquid states near a critical point in supercooled water (see the Perspective by Paesani).
—Yury Suleymanov
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