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Incompatibility of published ac magnetic susceptibility of a room temperature
superconductor with measured raw data

J. E. Hirsch
Department of Physics, University of California, San Diego, La Jolla, CA 92093-0319

Room temperature superconductivity has recently
been reported for a carbonaceous sulfur hydride (CSH)
under high pressure by Snider et al [1]. The paper re-
ports sharp drops in magnetic susceptibility as a function
of temperature for five different pressures, that are inter-
preted as signaling a superconducting transition. Here
I question the validity and faithfulness of the magnetic
susceptibility data presented in the paper by compari-
son with the measured raw data reported by two of the
authors of ref. [1] in ref. [2]. This casts doubt on the
assertion of the paper [I] that the susceptibility mea-
surements support the case for superconductivity in this
compound.

Ac magnetic susceptibility is a useful measurement to
detect the existence of superconductivity in materials un-
der high pressure [3—5]. Because of the smallness of the
sample required by the geometry of the diamond anvil
cell, the detected signal is a small drop in a large sig-
nal coming from the superposition of the sample and the
background magnetic susceptibilities, according to the
relation

data = raw data — background signal. (1)

Ref. [1] states that a background signal determined from
a non-superconducting CSH sample at 108 GPa was sub-
tracted from the measured raw data.

The published susceptibility data for pressure 189 GPa
(Fig. 2a of ref. [1]) are shown on the left panel of Fig.
1. On the right panel of Fig. 1 I show an expanded form
of that graph, obtained from the figure published on-line
[1]. Because it is is a vector graphics figure, it allows
extraction of the numerical values used for the plot using
software such as adobe illustrator and inkscape.

The rectangle on the top right of Fig. 1 encloses a re-
gion that is blown up to show it with more resolution in
Fig. 2. The right panel of Fig. 2 shows our numbers, and
the horizontal red lines connect points that are identical
to 6 digit accuracy. In ref. [6] I pointed out that these
coincidences appear to be anomalous, and that their sig-
nificance could possibly be evaluated once the authors of
ref. [1] released the raw data and background signal mea-
sured and used to construct Fig. 1 according to Eq. (1).
I had requested those data from the authors on November
12, 2020, and repeatedly thereafter.

On December 1, 2021, two of the authors of ref. [1]
posted a paper on arxiv [2] where for the first time they
released the raw data corresponding to the measurements
of Fig. 1 (as well as raw data for other pressures). They
did not however release the measured values of the back-
ground signal that were used to obtain Fig. 1 according
to Eq. (1).
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FIG. 1:  Magnetic susceptibility for pressure 189 GPa ob-

tained from the vector image of the published Fig. 2a [I].
The left panel shows the data plotted with the same resolu-
tion as in Fig. 2a of ref. [1], the right panel with a higher
resolution. The rectangle in the right panel shows the region
shown with even more resolution in Figs. 2 and 3.

0821317

0.821148

@ ms | o8| % = e ]

s

% 0621798 o ®
E 0619098 o

=

€

w 8 ° L . 3 4
s o ? o4

S

(2}

| I
X 60,5 260.0 2005

1992 199.6 200.0 200.4

FIG. 2: Right panel: small portion of the curve in Fig. 1
(enclosed in the rectangle in Fig. 1) plotted with higher reso-
lution. The red lines connect values of magnetic susceptibility
that are identical to 6 decimal places. Left panel: curve for
the same region of temperature published in Fig. 8 of ref. [2].

In that paper, the authors also asserted that their Fig.
2a of [1] that contains the curve shown in Fig. 1 is a
raster rather than a vector image, that does not allow to
extract numerical values of the data to 6 digits accuracy.
Instead, they reported their values for the data for several
points of that portion of the curve as shown on the left
panel of Fig. 2, arguing that the coincidences pointed
out in ref. [0] are within at most 2 digits rather than 6
digits.

I am certain that Fig. 2a of ref. [1] is a vector image
and that the data extracted from it are accurate to 6
digits, hence that the authors of [2] are mistaken in their
assertion. Be that as it may however, it is not necessary
to settle that point here. Irrespective of how it is settled,
the importance of Fig. 2 is that the left and right panels
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FIG. 3: Raw data from ref. [2] (black points), data from the
published Fig. 2a of ref. [1] or equivalently from Fig. 8 of
ref. [2] (blue points), and background signal obtained from
Eq. (2) (red points). The dashed arrows point to similar fine
structure in the raw data and background signal that is not
seen in the data.

‘look’ essentially identical. That means that the authors
and I agree that the numerical values of the data that I
extracted from the published Figure 2a of [1] faithfully
describe the fine structure of their measured curve, that
is not discernable with the bare eye from the published
figure (left panel of fig. 1).

Given that, and that the authors have so far declined
to release the measured background signal, I calculated
the background signal from the equation

background signal = raw data — data (2)

derived from Eq. (1), using the raw data in [2] and the
published data in [1]. Fig. 3 shows the raw data, pub-
lished data and background signal obtained from Eq. (2),
for the same temperature range shown in Fig. 2.

The significance of Fig. 3 is that the raw data and
background signal show fine structure that is not con-
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tained in the data, as can be clearly seen in several parts
of the curves, which I point out with dashed arrows. That
structure is presumably due to random noise. However,
the raw data and background signal were two indepen-
dent measurements for two very different pressure values
(189 GPa and 108 GPa respectively), so I argue that it
is impossible that they could show the same detailed fea-
tures seen in Fig. 3.

Examination of the raw data and background signal
for 189 GPa for the entire temperature range shown in
Fig. 1, as well as for the two other values of the pressure
reported in Fig. 2a of ref. [l], shows the same similar
behavior in wiggles of raw data and background signal
displayed in Fig. 3, ubiquitously [7]. It is also noteworthy
that the raw data of ref. [2] do not show [7] the anomalous
6-digit coincidences shown in the right panel of Fig. 2
pointed out in ref. [6].

I argue that this provides conclusive proof that either:

(1) The raw data released in ref. [2] are not the real
raw data underlying the published susceptibility results
in ref. [1], i.e. there are other raw data that have not
been released.

(2) The published data in ref. [l] were not obtained
by subtracting from the raw data an independently mea-
sured background signal at a much lower pressure, but
were obtained by some other undisclosed procedure.

Either of these two possibilities calls into serious ques-
tion the validity of the reported results for ac magnetic
susceptibility of CSH in ref. [1]. As a consequence, they
call into serious question the claim that CSH under pres-
sure is a room temperature superconductor. Other rea-
sons to question that claim were reported in refs. [3], [9]
and [10].
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