Disconnect between published ac magnetic susceptibility of a room temperature
superconductor and measured raw data
J. E. Hirsch
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On October 14, 2020, Snider et al reported the discovery of the first room temperature superconductor, car0.8
–5
bonaceous sulfur hydride, hereafter called CSH [2]. If
this is true, it represents a major scientific breakthrough.
“A superior test of superconductivity” [2] demonstrat0.4
ing superconductivity was claimed to be the detection
–10
of sharp drops in the ac magnetic susceptibility. Figure
178
189
166
1 shows the results published in that paper in Figs. 2a
P (GPa)
and Extended Data Fig. 7d giving susceptibility versus
–15
temperature for 5 different pressures.
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The curves shown in Fig. 1 were obtained from the
(K)
subtraction of two independent measurements,Fig.namely
2 | Magnetic susceptibility and superconducting transition under an
external
“raw data” and “background signal”, according
to magnetic
the field. , Real part of the a.c. susceptibility in nanovolts
versus temperature for the C–S–H system at select pressures from run 2,
equation
showing substantial diamagnetic shielding of the superconducting transition
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In ref. [1], we pointed out that certain anomalies observed in the published data for ac magnetic
susceptibility of a room temperature superconductor reported in Nature 586, 373 (2020) [2] would
be cleared up once the measured raw data were made available. Part of the measured raw data
were recently posted in arXiv:2111.15017 [3]. Here we report the results of our analysis of these raw
data and our conclusion that they are incompatible with the published data. Implications of these
results to the claim that the material is a room temperature superconductor are discussed.
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thickness). However, at extremely high pressures (>200 GPa), meas

resistance at 290 K. The resistance shows supr
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for pressures of 160–190 GPa. The superconducting transition shifts rapidly
under pressure to higher temperatures. is determined from the temperature

at the transition midpoint. The background signal, det
non-superconducting C–S–H sample at 108 GPa, has b
data. , Low-temperature electrical resistance under m
T, 3 T, 6 T and 9 T (increasing from right to left) at 267
field versus temperature at 210 GPa and 267 GPa, fitted
models. At 210 GPa, the maximum field studied was 7 T

data = raw data − background signal.
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According to the caption of Fig. 2a of [2], “Theg the
backmagnetic susceptibility becomes increasingly difficult, and respect to the temperature above the supercond
+ AT with pre-factor
2.53 × 1
impossible with sample diameters smaller than about 70 µm. Our follows
ground signal, determined from a non-superconducting
samples are about 25–35 µm in diameter above 200 GPa. The is the residual resistance; this behaviour can be
C-S-H sample at 108 GPa, has been subtractedtypical
from
the
FIG.
1:
The
top
right
and
left
panel
show
curves
for
ac
magsubstantial challenges to measuring properties such as the magnetic electron–electron scattering within the Fermi liq
data”. Neither of these independent measurements
were suggest
netic
susceptibility
of CSHcapabilities,
at five different
values
At higherpressure
temperatures,
one would typically a
susceptibility
a need
for novel experimental
dependence
according
such as spectroscopic
techniquesin
or magnetic
ref. [2]sensing
Figs.using
2anitrogen
and Extended
Data
Fig.to the
7dBloch–Grüneisen
given in the paper nor in the supplemental material
for 31 33reported
metal
at temperatures
wellreabove the Debye tem
vacancy centres
respectively. The inset in the right panel
shows
raw data
the 5 pressures shown in Fig. 1.
that the term in
) is pro
ported in ref. [2] for another pressure behaviour
value. indicates
The lower
left
In addition, the inset of Extended Data Fig. 7d, shown
to high-energy phonon modes, as is observed in
and
right
panels
show
enlarged
versions
of
the
upper
panels,
Magnetic-field response
in the inset in the right panel of Fig. 1, reportedly
preenclosed
by small
rectangles
the upper panels. They will
To further confirm the
superconducting
transition
at higherin
pressure
sented “raw data” for still another value of the we
pressure,
ochemical synthesis
exploit the inherent
magnetic field
beantagonism
discussedbetween
later aninexternal
the text.
138 GPa, according to the caption of the figureand
[2].
superconductivity. Within Bardeen–Cooper–Schrieffer theory, The starting compound is synthesized by combi
an external magnetic field exerts a Lorentz force to the opposite and sulfur with a molar ratio of 1:1. The mixture is
For more than one year, starting on November
12,
momenta of the electrons in a Cooper pair (the diamagnetic effect) size of less than 5
extract
the background signal from the relation and then loaded into a dia
2020, we have attempted to obtain the raw and
data
anda Zeeman
induces
effect polarizing the initially spin-paired states after which molecular hydrogen is gas-loaded at
the pair electrons (the Pauli paramagnetic effect). Both of these a reactant and a pressure-transmitting medium
background signal that were used to obtain the ofmeasure− data.
(2)of the starting mat
effects result in the breaking of abackground
Cooper pair, thussignal
reducing =
the raw
of data
ing confirmed
the presence
ments shown in Fig. 1 from the corresponding author
and
the material and setting an upper critical field, , that the supercon
confirmed DAC samples were compressed to 4
coauthors. Details of this saga are described inducting
ref. state
[1].can survive.
Figure
2study,
shows
what the raw
signal 532-nm
data given
inforref.
[3]hours at a power of
In this
the superconducting
transition
laser light
several
wasnamely
suppressed by 22
K at 267
in a 9-T magneticsignal
field, as shown
in thefrom
elemental
sulfur
phase
( -S ) with light of th
Finally, on December 1, 2021, part of those data,
theGPabackground
resulting
Eq.
(2)
look
and
a superconducting transition. The transition was pressures is known to drive the photoscission of
the measured raw data for the three curves shown 2b
on onfirming
the
like,
without
high
resolution.
The
qualitative
behavior
is
first measured at 210 GPa, followed by a second measurement at S free radicals, which either self-react to form diff
left panel of Fig. 1, as well as for the inset on 267
theGPa.
right
as expected:
there
arecritical
drops
data
superposed
The temperature
dependence of
the upper
field,in the
), raw
or, in this
case,
react with H to form H S (ref. 3
can beof
expressed
(GL) orlinear
the conventional
were made
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panel of Fig. 1, were made public in ref. [3] by two
the using
to the
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background.
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(WHH) model. Evaluating these rela
tion of a uniform and transparent crystal that d
authors of ref. [2]. Neither the background signal
data
the
background,
the
data
on
the
left
panel
of Fig. 1
tions at the limit of
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for the 5 curves shown in Fig. 1, nor the rawcoherence
data for
where
the drops
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much
more
length ofresult,
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the GL model.
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WHH model,
Video).
The noticeable.
molecular H Q ( J) vibron of the exc
the two curves shown on the right panel of Fig.
1,‘dirty’
thatlimit c2(0)In
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throughout,
unperturbed
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questions
that we
is important to note that the crystal is not stab
curvemade
as c2(0) = 0.693
,
and
this
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(0)
85.34
T
we also requested more than a year ago, have been
c2
raised TinT that paper and in an earlier
paper [4] about
exposure to low-intensity laser light or leaving
available yet.
validity
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measurements
(Fig. 2b, inset) with the
a coherence
length
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temperature
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andwe
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and 2.23 nm for the GL and WHH models, respectively (see Extended
Data Fig. 3). The superconducting transition width,
, at 267 GPa
remains essentially constant under several external magnetic fields,
which is emblematic of a homogeneous sample;
90% − 10%, where
90% and 10% are the temperatures corresponding to 90% and 10% of the

Raman spectroscopy before metalliza

The Raman spectra of the transparent photoprod
(Fig. ) can be attributed to a H–S–H bending mod
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