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Ref. [1] reported measurements of diamagnetic mo-
ment versus magnetic field for sulfur hydride and lan-
thanum hydride under pressure in its Figs. 3a and 3b re-
spectively, claiming that they provide evidence that the
samples are superconducting and allow to infer the value
of the lower critical magnetic fields as function of temper-
ature. Ref. [2] explained that several linear transforma-
tions were used in obtaining the data shown in Figs. 3a
and 3b of Ref. [1] from the measured data shown in Figs.
3e and S10, and 3f and S11 of Ref. [1] respectively, includ-
ing subtraction of a significant diamagnetic background.
Here we show that those statements are contradicted by
facts. This invalidates the claim of Ref. [1] that Figs. 3a
and 3b of Ref. [1] are evidence for superconductivity in
these materials.

From the deviation of linear dependence of magnetic
moment on magnetic field for LaH10 under pressure
shown in Fig. 1, reproduced from Fig. 3b of Ref. [1],
the authors extracted values of critical field versus tem-
perature. As the Author Correction to Ref. [1] recently
published [2] explains, the data shown in Fig. 1 are not
measured data. Rather, they were obtained from mea-
sured data by a set of linear transformations. Ref. [2]
explains that linear transformations would “not affect the
onset of the deviation of the M(H) virgin curve from the
linear dependence” on magnetic field.

The latter statement is correct. It necessitates that
the transformation is truly linear, if the transformation
is not linear the statement is clearly invalid. For the
virgin curve, one point is fixed at the origin, since there
is no magnetization for zero applied field. In Fig. 1 we
have connected the origin and the point for the T=80K
curve for LaH10 at field H=100 mT by a straight red
line. Note that all the points for the magnetic moment
for T=80K for fields between 0 and 100 mT fall below
the straight red line.

The data for Fig. 1 were obtained from measured data
shown in Fig. 3f of Ref. [1]. In Fig. 2 we show a
portion of those data. The three blue curves correspond
to T=80K, as the blue points in Fig. 1. The middle
blue curve is the virgin curve, starting with zero moment
at zero field. We have connected that point with the
moment at field H=100 mT by a straight red line.

It can be seen in Fig. 2 that some of the measured
points fall below the straight red line and some fall above.
This is different from the blue points in Fig. 1, that are
all below the straight red line connecting the points at
zero field and 100 mT field.

Given any linear transformation of the data points in
Fig. 2, we can redraw the red line so that it passes
through the transformed points at 0 mT and 100 mT,
and again some of the data points will fall below the new

and explains why the reported vortex liquid region remains
narrow even at high magnetic fields21,23.

It is important to estimate the range of values of the
superconducting parameters of Im-3m-H3S and Fm-3m-LaH10,
which depends on a sample thickness. We evaluated the
minimum and maximum values of a sample thickness as
2.1–3.1 μm for H3S and 0.6–2.5 μm for LaH10 (see details
in Supplementary Information). Thus, the lower and upper limits
are: ∼0.74–1.09 T for Hc1(0 K), ∼18–23 nm for λL(0Κ) and
∼10–13 for κ in Im-3m-H3S; and ∼0.42–1.75 T for Hc1(0 K),
∼14–35 nm for λL(0 Κ) and ∼10–23 for κ in Fm-3m-LaH10. For
LaH10, the larger dispersion is a result of a substantial increase of
N in case of the lower limit of a sample thickness. The estimated
superconducting parameters for both hydrides are summarized in
Table 1.

A general behavior of M(H) (see Fig. 3e, f) is typical for type II
superconductors, in particular, the difference in a magnetic
moment between the forward and reverse sweep of an applied

magnetic field increases with a decrease of temperature. However,
it was not possible to observe the extent of the superconducting
magnetization hysteresis and the characteristic field H*, above
which magnetization becomes reversable, because the magnetic
signal of the DAC becomes much higher in comparison with the
magnetic response of H3S and LaH10 samples for the reliable
subtraction of the background.

We also estimated the critical currents using the Bean critical
state model33,34. This model assumes that when the sweeping
magnetic field fully penetrates the sample the density of
the screening current equals the critical current value jc. The
difference in magnetic moment Δm between forward and reverse
field is due to the reversal of the direction of the screening
moment, and can be used to evaluate the magnitude of the bulk
critical current. A concentric screening current pattern with
density jc creates a magnetic moment m ¼ π

3 jchr
3, where h is the

thickness and r is the radius of the disk-shaped sample, often
approximated by jc ¼ 30 m

Vr, where m, V, and r are in CGS units

Fig. 3M(H) magnetization data for Im-3m-H3S and Fm-3m-LaH10 at high pressure. a, bMagnetic moment associated with the penetration of the applied
magnetic field into the Im-3m-H3S phase at PS = 155 ± 5 GPa and the Fm-3m-LaH10 phase at PS = 130 ± 8 GPa based on virgin curves of the M(H)
magnetization data at selected temperatures. The curves were superimposed by performing linear transformations for a better representation. A linear
background, defined as a straight line connecting M(H = 0 T) and M(H = 1 T) at corresponding temperature, was subtracted. After that the data were
normalized to H = 15 mT data so that to have the same initial linear M(H) slope. c, d Temperature dependence of a penetration field Hp for Im-3m-H3S and
Fm-3m-LaH10 derived from the virgin curves of M(H) magnetization data. Black circles and red curves correspond to the experimental data and fits,
respectively. e, f Hysteretic part of M(H) measurements of H3S and LaH10 in the normal metallic state above Tc and the superconducting state below Tc,
correspondingly.
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FIG. 1: Magnetic moment of LaH10 under pressure versus
magnetic field, from Fig. 3b of Ref. [1]. We have added
the straight red line connecting the origin with the magnetic
moment at field 100 mT for the curve for temperature 80K
(blue points).

straight line and some above. Thus, the blue points in
Fig. 1 could not have originated from a linear transfor-
mation nor from a set of linear transformations applied
to the blue points in Fig. 2, as Ref. [2] claimed. If the
transformation used to obtain the curve shown in Fig. 1
from the curve shown in Fig. 2 was nonlinear, the pro-
cedure used to extract the critical field from the data in
Fig. 1 is clearly invalid.

The same is true for magnetization data of H3S shown
in Fig. 3a of Ref. [1], supposedly derived through linear
transformations of the data shown in Figs. 3e and S10 of
Ref. [1]. In Fig. 3 we show data for the hysteresis cycle
for H3S at 140 K, from Fig. S10 of Ref. [1]. We have
connected the points for zero magnetic field and 100 mT
with a straight red line. It can be seen that about half the
points for fields between 30 mT and 100 mT are above
the red line and half are below. Instead, the lower left
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and explains why the reported vortex liquid region remains
narrow even at high magnetic fields21,23.

It is important to estimate the range of values of the
superconducting parameters of Im-3m-H3S and Fm-3m-LaH10,
which depends on a sample thickness. We evaluated the
minimum and maximum values of a sample thickness as
2.1–3.1 μm for H3S and 0.6–2.5 μm for LaH10 (see details
in Supplementary Information). Thus, the lower and upper limits
are: ∼0.74–1.09 T for Hc1(0 K), ∼18–23 nm for λL(0Κ) and
∼10–13 for κ in Im-3m-H3S; and ∼0.42–1.75 T for Hc1(0 K),
∼14–35 nm for λL(0 Κ) and ∼10–23 for κ in Fm-3m-LaH10. For
LaH10, the larger dispersion is a result of a substantial increase of
N in case of the lower limit of a sample thickness. The estimated
superconducting parameters for both hydrides are summarized in
Table 1.

A general behavior of M(H) (see Fig. 3e, f) is typical for type II
superconductors, in particular, the difference in a magnetic
moment between the forward and reverse sweep of an applied

magnetic field increases with a decrease of temperature. However,
it was not possible to observe the extent of the superconducting
magnetization hysteresis and the characteristic field H*, above
which magnetization becomes reversable, because the magnetic
signal of the DAC becomes much higher in comparison with the
magnetic response of H3S and LaH10 samples for the reliable
subtraction of the background.

We also estimated the critical currents using the Bean critical
state model33,34. This model assumes that when the sweeping
magnetic field fully penetrates the sample the density of
the screening current equals the critical current value jc. The
difference in magnetic moment Δm between forward and reverse
field is due to the reversal of the direction of the screening
moment, and can be used to evaluate the magnitude of the bulk
critical current. A concentric screening current pattern with
density jc creates a magnetic moment m ¼ π

3 jchr
3, where h is the

thickness and r is the radius of the disk-shaped sample, often
approximated by jc ¼ 30 m

Vr, where m, V, and r are in CGS units

Fig. 3M(H) magnetization data for Im-3m-H3S and Fm-3m-LaH10 at high pressure. a, bMagnetic moment associated with the penetration of the applied
magnetic field into the Im-3m-H3S phase at PS = 155 ± 5 GPa and the Fm-3m-LaH10 phase at PS = 130 ± 8 GPa based on virgin curves of the M(H)
magnetization data at selected temperatures. The curves were superimposed by performing linear transformations for a better representation. A linear
background, defined as a straight line connecting M(H = 0 T) and M(H = 1 T) at corresponding temperature, was subtracted. After that the data were
normalized to H = 15 mT data so that to have the same initial linear M(H) slope. c, d Temperature dependence of a penetration field Hp for Im-3m-H3S and
Fm-3m-LaH10 derived from the virgin curves of M(H) magnetization data. Black circles and red curves correspond to the experimental data and fits,
respectively. e, f Hysteretic part of M(H) measurements of H3S and LaH10 in the normal metallic state above Tc and the superconducting state below Tc,
correspondingly.
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FIG. 2: Magnetic moment of LaH10 under pressure versus
magnetic field, from Fig. 3f of Ref. [1]. The center blue
curve is the virgin curve for temperature 80K. We have added
a straight red line connecting the origin with the magnetic
moment at field 100 mT for the virgin curve for temperature
80K (blue points). The numbers on the bottom axis give the
magnetic field in mT.

inset shows the data derived from these measurements
through supposedly linear transformations shown in Fig.
3a of Ref. [1]. It can be seen that all the green points in
the curve lie below the straight red line connecting the
points for 0 and 100 mT. It is obvious that those points
cannot results from linear transformations performed on
the data shown in the main body of the figure. The same
is easily seen to apply to the magnetization data for H3S
at temperature T=100K shown in Figs. 3a and 3e of
Ref. [1]. The curves are clearly not connected by linear
transformations.

Therefore, the origin of the curves in Figs. 3a and 3b
of Ref. [1] is not what the paper and its Author Cor-
rection states it is. What the origin of those curves is
is unknown. If the transformations used to obtain them
from measured data were nonlinear, as the analysis in
this paper suggests, it would not be possible to extract
values of critical field from deviations from linearity, as
Ref. [1] does. More generally, the data shown in Fig. 3a
and 3b cannot be interpreted as showing physical prop-
erties of the samples, since their relation to the measured
data is unknown. They certainly cannot be used to infer
the values of the critical field shown in Figs. 3c and 3d
of Ref. [1], a central result of Ref. [1], unless the relation
of the data shown in Figs. 3a and 3b with the measured
data can be clearly established.

To clarify the relation between the data in Figs. 3a and

 
 

13 
 

 

Fig	S10	

140K	

and explains why the reported vortex liquid region remains
narrow even at high magnetic fields21,23.

It is important to estimate the range of values of the
superconducting parameters of Im-3m-H3S and Fm-3m-LaH10,
which depends on a sample thickness. We evaluated the
minimum and maximum values of a sample thickness as
2.1–3.1 μm for H3S and 0.6–2.5 μm for LaH10 (see details
in Supplementary Information). Thus, the lower and upper limits
are: ∼0.74–1.09 T for Hc1(0 K), ∼18–23 nm for λL(0Κ) and
∼10–13 for κ in Im-3m-H3S; and ∼0.42–1.75 T for Hc1(0 K),
∼14–35 nm for λL(0 Κ) and ∼10–23 for κ in Fm-3m-LaH10. For
LaH10, the larger dispersion is a result of a substantial increase of
N in case of the lower limit of a sample thickness. The estimated
superconducting parameters for both hydrides are summarized in
Table 1.

A general behavior of M(H) (see Fig. 3e, f) is typical for type II
superconductors, in particular, the difference in a magnetic
moment between the forward and reverse sweep of an applied

magnetic field increases with a decrease of temperature. However,
it was not possible to observe the extent of the superconducting
magnetization hysteresis and the characteristic field H*, above
which magnetization becomes reversable, because the magnetic
signal of the DAC becomes much higher in comparison with the
magnetic response of H3S and LaH10 samples for the reliable
subtraction of the background.

We also estimated the critical currents using the Bean critical
state model33,34. This model assumes that when the sweeping
magnetic field fully penetrates the sample the density of
the screening current equals the critical current value jc. The
difference in magnetic moment Δm between forward and reverse
field is due to the reversal of the direction of the screening
moment, and can be used to evaluate the magnitude of the bulk
critical current. A concentric screening current pattern with
density jc creates a magnetic moment m ¼ π

3 jchr
3, where h is the

thickness and r is the radius of the disk-shaped sample, often
approximated by jc ¼ 30 m

Vr, where m, V, and r are in CGS units

Fig. 3M(H) magnetization data for Im-3m-H3S and Fm-3m-LaH10 at high pressure. a, bMagnetic moment associated with the penetration of the applied
magnetic field into the Im-3m-H3S phase at PS = 155 ± 5 GPa and the Fm-3m-LaH10 phase at PS = 130 ± 8 GPa based on virgin curves of the M(H)
magnetization data at selected temperatures. The curves were superimposed by performing linear transformations for a better representation. A linear
background, defined as a straight line connecting M(H = 0 T) and M(H = 1 T) at corresponding temperature, was subtracted. After that the data were
normalized to H = 15 mT data so that to have the same initial linear M(H) slope. c, d Temperature dependence of a penetration field Hp for Im-3m-H3S and
Fm-3m-LaH10 derived from the virgin curves of M(H) magnetization data. Black circles and red curves correspond to the experimental data and fits,
respectively. e, f Hysteretic part of M(H) measurements of H3S and LaH10 in the normal metallic state above Tc and the superconducting state below Tc,
correspondingly.
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FIG. 3: Magnetic moment of H3S under pressure versus mag-
netic field for temperature 140K, from Fig. S10 of Ref. [1].
The center black curve is the virgin curve. We have added a
straight red line connecting the origin with the magnetic mo-
ment at field 100 mT. The numbers on the bottom axis give
the magnetic field in mT. The inset at the lower left shows
the magnetic moment from Fig. 3a of Ref. [1] at 140K sup-
posedly obtained after linear transformations, the red line in
the inset connects the points at field 0 and 100 mT.

3b and the measured data the authors of Ref. [1] should
release their measured data for examination by readers.
We have requested access to those data on January 11,
2023, and repeatedly therafter. The data have not been
released. We conclude that in the absence of disclosure
of the measured data, Ref. [1] has no credibility.
Discussion of other aspects of the magnetization data

of Ref. [1] and its Author Correction [2] and their im-
plications for the question whether or not they provide
evidence for superconductivity in these materials is given
in Ref. [3].
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