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Recently signatures of superconductivity were observed close to 80 K in La3Ni2O7

under pressure [1]. This discovery positions La3Ni2O7 as the first bulk nickelate with

high-temperature superconductivity, but the lack of zero resistance presents a signif-

icant drawback for validating the findings. Here we report pressure measurements

up to over 30 GPa using a liquid pressure medium and show that single crystals

of La3Ni2O7−δ do exhibit zero resistance. We find that La3Ni2O7−δ remains metal-

lic under applied pressures, suggesting the absence of a metal-insulator transition

proximate to the superconductivity. Analysis of the normal state T -linear resistance

suggests an intricate link between this strange metal behaviour and superconductivity,

whereby at high pressures both the linear resistance coefficient and superconducting

transition are slowly suppressed by pressure, while at intermediate pressures both the

superconductivity and strange metal behaviour appear disrupted, possibly due to a

nearby structural instability. The association between strange metal behaviour and

high-temperature superconductivity is very much in line with diverse classes of un-

conventional superconductors, including the cuprates and Fe-based superconductors

[2–6]. Understanding the superconductivity of La3Ni2O7−δ evidently requires further

revealing the interplay of strange metal behaviour, superconductivity, as well as pos-

sible competing electronic or structural phases.

Quasi-two-dimensional layered transition metal oxide structures are a common motif for

high-temperature unconventional superconductivity [7, 8], yet this elusive phenomenon has

only been realized in a handful of material classes, primarily the Cu-based cuprate [9, 10]

and Fe-based superconductors [11, 12]. Very recently, signatures of superconductivity up to

nearly 80 K were revealed in bulk samples of the nickelate La3Ni2O7 above 14 GPa [1]. This

is in contrast to the infinite-layer nickelates whereby superconductivity with Tc of 5-15 K

is found in thin-films [13–17], increasing to 31 K under pressure [18], but superconductiv-

ity is not observed in bulk samples [19, 20]. While the Ni+ of the infinite-layer nickelates

has the same 3d9 configuration as the Cu2+ of the cuprates, the presence of apical oxygens

in La3Ni2O7 leads to a formal 3d7.5 configuration. It is suggested that interlayer coupling
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between Ni 3dz2 and apical oxygen p orbitals at high pressures leads to partially occupied

3dx2−y2 orbitals [1], but the relevant orbitals and pairing instabilities for the superconduc-

tivity remain to be clarified [21–32].

Although signatures of high-temperature superconductivity are reported from a drop

of the electrical resistivity, as well as a diamagnetic response of the ac susceptibility [1],

crucially zero resistance was not reached in electrical resistivity measurements, which is a

vital criterion for establishing the occurrence of superconductivity. Here we report electrical

resistance measurements of La3Ni2O7−δ under pressure, which were performed in both a

piston-cylinder cell (PCC) and a diamond anvil cell (DAC) (inset of Extended Data Fig. 2),

where the use of a liquid pressure-transmitting-medium leads to a greatly improved hydro-

staticity. As displayed in Fig. 1, at a pressure of 20.5 GPa a clear superconducting transition

is observed in R(T ) which onsets below 66 K, and close to 40 K zero resistance is reached

within the noise level of the measurement system. Above Tc, R(T ) exhibits a linear temper-

ature dependence, characteristic of strange metal behaviour [1]. Such a zero-resistance state

at temperatures around 40 K clearly demonstrates high-temperature superconductivity in

La3Ni2O7. Robust signatures of superconductivity are also manifested in measurements of

the resistivity of another sample when measured with different currents, as well as I − V

curve measurements (Extended Data Fig. 3). Linear I − V curves are observed above Tc

as expected in the normal state, while the curves are flat at low temperatures and currents,

yielding a superconducting critical current of ∼850 A/cm2 (T = 1.5 K and P = 16.6 GPa).

In order to confirm the reproducibility of the zero resistance, several additional samples

were measured, among which zero-resistance were observed in three samples, while in three

others there is either a drop in resistance that does not reach zero or weakly insulating

behaviour (Extended Data Fig. 4). A comparison of energy dispersive x-ray spectroscopy

results shows that the La3Ni2O7−δ samples exhibiting zero resistance have a composition

closer to the stoichiometric ratio of La:Ni:O=3:2:7, with a relatively small variation of the

composition across the sample (Extended Data Figs. 4 and 5, Table S1). On the other hand,

samples without zero resistance are further from stoichiometry with a larger compositional

inhomogeneity. Nevertheless, the precise compositional range of the superconductivity, as

well as the optimal composition, remain to be determined. Note that all the samples in this

study are from the same growth as those in Ref. [1], where zero-resistance was not observed,

but those measurements were performed either with no pressure-transmitting medium, or

3



with a solid medium, suggesting that more hydrostatic pressures realized with a liquid

medium are crucial for its observation. Furthermore, the small sample dimensions (of order

10-100 µm) used in our study means that homogeneous samples with only small variations

in the composition across the sample can be measured, allowing for the observation of a

sharp superconducting transition with zero resistance.

The temperature dependence of the resistance R(T ) is displayed in Fig. 2 for various

pressures up to 29.2 GPa. At ambient pressure, R(T ) is metallic across the entire temper-

ature range, and there is an anomaly around T ∗ = 130 K. This temperature scale is close

to the possible density wave (DW) transition suggested in previous studies [34, 35]. When

a small pressure is applied, R(T ) remains metallic while T ∗ decreases slightly at 1.0 GPa,

and is not detected at 2.0 GPa. La3Ni2O7−δ being consistently metallic under pressure is in

contrast to Ref. [1] where weakly insulating behaviour is induced by a small pressure, which

in turn disappears following the structural transition above 10 GPa. Our findings therefore

are much more in line with reports showing that insulating behaviour in La3Ni2O7−δ is asso-

ciated with oxygen deficient rather than stoichiometric samples [35–37]. Note that the DAC

measurements of the low-pressure structural phase (P < 13 GPa) exhibit a large contact

resistance between the sample and Au leads, which increases significantly with decreasing

temperature, and could give rise to spurious insulating behaviour [38] (Extended Data Fig.

6). This sizeable contact resistance is absent in DAC measurements performed above 13

GPa, and it is avoided in our piston-cylinder cell measurements below 2.5 GPa by increasing

the area of the contacts and by avoiding heating the sample.

At pressures above 13 GPa, superconducting transitions are observed in R(T ), which

reach zero resistance below the transition (inset of Fig. 2b). Upon increasing the pressure,

the onset of the superconducting transition T onset
c increases from 37.5 K at 13.7 GPa to a

maximum of 66 K at 20.5 GPa. Further increasing the pressure (up to 30 GPa) results in a

gradual decrease of T onset
c , with dTc/dP ≈ −0.8 K/GPa. A similar pressure dependence of

T onset
c is measured in other samples (Extended Data Fig. 4), where the broader transitions

in some samples are likely a consequence of sample inhomogeneity. Strange metal behaviour

is also observed above around 13.7 GPa, which corresponds to where there is a linear tem-

perature dependence of R(T ). At 13.7 GPa, where there is evidence of a possible structural

transition at higher temperatures (Extended Data Fig. 2), the linear R(T ) extends only up

to around 100 K, but at 20.5 GPa this reaches at least 270 K. From analyzing with R(T ) =
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R(0) + A′T (dashed green line in Fig. 2), it is found that the T -linear coefficient A′ decreases

with increasing pressure, as discussed below.

Figures 3a and 3b display R(T ) in different applied magnetic fields under pressures of 20.5

and 26.6 GPa, respectively. The derived upper critical fields Hc2(T ) (defined from T onset
c )

versus temperature are shown in Fig 3c (see also Extended Data Fig. 7), where the initial

slopes dµ0Hc2(T )/dT are 0.55 T/K and 0.57 T/K for 20.5 GPa and 26.6 GPa, respectively.

By fittingHc2(T ) with a Ginzburg-Landau model, respective zero-temperature values of 97 T

and 83 T are obtained, from which coherence lengths of 1.84 nm and 1.99 nm are deduced

using µ0Hc2(0) = Φ0/2πξ
2
GL. Moreover, there is a gradual broadening of the transition with

increasing field, indicating thermally activated flux flow (TAFF) in La3Ni2O7−δ. As shown

by the Arrhenius plots in Fig 3d, the resistance data near the transition can be analyzed

based on the simplified TAFF model: U0(H) = −dLnR/d(1/T ), where U0 is the thermal

activation energy [39]. It is noted that the Arrhenius scaling holds over 3-4 orders until the

signal reaches the noise floor of our instrument. These behaviours very much resemble iron-

pnictide [40] and chalcogenides [41], as well as high Tc cuprates [42]. Fitting to the TAFF

model derives an activation energy of U0(1 T) = 702 K, which is much smaller than that

for many cuprate and Fe-based superconductors, reflecting relatively weak pinning forces

in La3Ni2O7−δ. Upon increasing the applied magnetic field, U0(H) follows a power law

behaviour (∝ H−n), with a small exponent of n = 0.12, indicating a weak field-dependence

of U0.

The temperature-pressure phase diagram in Fig. 4 shows the main results from the current

pressure study. Superconductivity with zero-resistance appears above 13 GPa, and is rapidly

enhanced by pressure, reaching a maximum Tc of ∼62 K at 20.5 GPa, followed by a gradual

decrease upon further pressure increases. The strange metal behaviour in the normal state

is also highlighted by the color plot, in which the green regions correspond to where there

is close to a T -linear resistance, while the pressure dependence of the T -linear coefficient A′

is shown in the upper panel. At 13.7 GPa, there is a relatively narrow temperature range

over which there may be a T -linear R(T ) (up to around 100 K), and Tc is correspondingly

lower. On the other hand, the significant enhancement of Tc at 16 GPa coincides with a

marked expansion of the strange metal region, where the temperature range of the T -linear

behaviour is largest near to the pressure where Tc is a maximum, at which there is only a

1% deviation from linearity. At higher pressures, both A′ and Tc decrease with pressure,
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and the temperature range of the strange metal region is again reduced, as shown by the

dashed lines in Fig. 4b.

Our observations suggest a close relationship between the strange metal behaviour and

high-temperature superconductivity in La3Ni2O7−δ, where the decrease of Tc with pressure

is associated with a reduction of A′. On the other hand, at 13.7 GPa there does not appear

to be a correspondingly reduced A′, but at this pressure a weak signature of a possible

structural transition is detected at higher temperatures (Extended Data Fig. 2), which

appears to disrupt both the superconductivity and strange metal state. This suggests that

understanding the superconductivity of La3Ni2O7−δ requires revealing the various competing

structural and electronic phases, which are highlighted when the phase diagram is extended

to low pressures in Fig. 4c. Here a possible DW transition is suppressed by a moderate

pressure, while at higher pressures there is a transition to a structural phase favouring both

high-temperature superconductivity and strange metal behaviour.

At this pressure-induced structural transition, there is a change from a low-pressure

structure with tilted NiO6 octahedra (space group Amam) [43], shown in Extended Data

Fig. 1, to one with untilted octahedra (space group Fmmm) [1], and it is proposed that

this corresponds to a change from the 3dz2 orbitals being fully localized in the low pressure

region, to a metallization of the 3dz2 bonding bands at high pressures [1]. Our Hall resistivity

(ρxy) measurements of La3Ni2O7−δ under pressure (Extended Data Fig. 8) are consistent

with this scenario, where in the context of there being both electron and hole Fermi surfaces,

the linear ρxy with a positive Hall coefficient RH suggests either predominantly hole carriers,

or compensation between electron and hole Fermi surfaces. Above 15 GPa, we find a marked

increase of 1/RH at 80 K (which is above T onset
c ) (see the inset of Fig. 4c), as expected from

an increased hole concentration arising as a result of the metallization of 3dz2 bonding bands

due to enhanced inter-layer σ-bond coupling through an inner apical oxygen. Interestingly, a

high-temperature structural phase transition is observed at ambient pressure in La3Ni2O7−δ

at TB ∼ 550 K [44], below which it was also proposed that there is a localization of the 3dz2

band. This suggests that the transition below TB at ambient pressure, and that at 13.7 GPa

shown in Extended Data Fig. 2, may correspond to the same structural phase transition

that terminates in the vicinity of the latter pressure. The existence of such a transition line

in the T − P phase diagram needs to be confirmed by further studies under pressure, and

would indicate that the stablization of the Fmmm structure is a highly promising route for
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realizing bulk superconductivity in the nickelates at ambient pressure.

The rich interplay of the different ground states is very much in line with the cuprates

and Fe-based superconductors [45, 46]. In particular, the initimate link between the strange

metal phase and high-temperature superconductivity in La3Ni2O7−δ is also reminiscent of

the enigmatic relationship between these phenomena in the Cu-based, Fe-based, and infinite-

layer nickelate superconductors [2–5, 47–50], whereby superconducting properties such as Tc

and the superfluid density are often correlated with A′, reaching a peak at optimal doping.

Since Landau quasiparticles are anticipated to be absent in the strange metal phase, these

in turn suggest that unconventional superconductivity could emerge via non-quasiparticle

states [6]. As such, these results hint at an unconventional nature of the high-temperature

superconductivity in La3Ni2O7−δ, while underscoring the close association between strange

metals and superconductivity across various materials systems, highlighting the nickelate

superconductors as a new platform for examining this interplay.

Note: In recent preprints [51, 52], zero-resistance was observed in La3Ni2O7−δ under

pressure using a liquid-transmitting medium. Polycrystalline La3Ni2O7−δ shares similar su-

perconducting properties to the single crystalline La3Ni2O7−δ reported in this work.
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FIG. 1: Zero-resistance in La3Ni2O7−δ at 20.5 GPa. Temperature dependence of the

resistanceR(T ) of La3Ni2O7−δ under a pressure of 20.5 GPa, showing a clear superconducting

transition onsetting below 66 K, and reaching zero resistance just below 40 K. The normal

state R(T ) above Tc shows a linear temperature dependence corresponding to strange metal

behaviour. The construction used to determine T onset
c , Tc, and T 0

c is illustrated in the figure.

The inset shows an enlargement of the resistance below Tc , clearly demonstrating that

zero-resistance is reached.
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FIG. 2: Temperature dependent resistance of La3Ni2O7−δ under pressure. a, R(T )

of La3Ni2O7−δmeasured at both ambient pressure and under various hydrostatic pressures up

to 2 GPa in a PCC. The kink corresponding to the possible DW transition [34] is denoted as

T ∗. b, R(T ) measured under higher pressures from 2.5 GPa to 29.2 GPa in a DAC. Dashed

green line show the linear temperature dependence in the normal state. Note that while the

curves are equally shifted vertically for clarity, the data at 13.7 GPa and above all reach

zero-resistance below the superconducting transition, as demonstrated in the inset.
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FIG. 3: Resistance of La3Ni2O7−δ in magnetic fields and thermally activated flux

flow. R(T ) of La3Ni2O7−δ is displayed for a, 20.5 GPa, and b, 26.6 GPa, under various

applied fields up to 9 T. c, Temperature dependence of the upper critical fields at the two

pressures, where dashed lines show the results of fitting with a Ginzburg-Landau model.

d, Arrhenius plot of R(T ) in the region of the superconducting transition at 26.6 GPa in

various magnetic fields. The dashed lines are linear fittings to Ln(R) versus 1/T . The inset

shows the thermal activation energy U0(H) obtained from the slopes of the plot. The red

curve represents U0(H) ∝ H−0.12. Panels b and d share the same color code.
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FIG. 4: Phase diagram of superconductivity and strange metal behaviour in

La3Ni2O7−δ. a, Evolution of the T -linear coefficient A′ versus pressure. b, Temperature-

pressure phase diagram based on the resistance measurements in this work. The color plot

highlights the extent of the strange metal behaviour, where the colour represents the frac-

tional deviation of R(T ) from fits to a linear temperature dependence (R−Rn) /Rn(%),

where Rn = R0 + A′T . The two black dashed lines highlight where the fractional deviation

is around ±2%. c, Phase diagram summarizing the low and high pressure behaviours, where

the former has a probable density wave (DW) transition, that is suppressed by 2 GPa of

pressure. At around 10 GPa there is a change of crystal structure from one with space group

Amam to a structure with Fmmm [1], as highlighted by the hashed area in the main panel

and inset, and at higher pressures there is the emergence of the high-temperature super-

conductivity and strange metal phases. The error bars for Tc reflect the superconducting

transition width, defined as T onset
c − T 0

c . The inset shows the evolution of the reciprocal of

the Hall coefficient 1/RH with pressure at 80 K.
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Methods

Polycrystalline rods of La3Ni2O7−δ were prepared via a solid-state reaction, utilizing La2O3

(99.99% purity) and NiO (99.9% purity) in a 3:4 molar ratio. The thoroughly ground mixture

was hydrostatically pressed into rods measuring 6 mm in diameter and 80 mm in length,

followed by sintering at 1400◦C for 12 or 48 hours. Single crystals of La3Ni2O7−δ were grown

using a high pressure high temperature optical floating-zone furnace (HKZ, SciDre, Dresden)

under an oxygen pressure of 15 bar and using a 5 kW Xenon arc. The travelling speed of

the seed was 3 mm/h during the growth. The seed and feed rods were rotated in opposite

directions at speeds of 15 and 10 rpm, respectively. The resulting growth consists of many

1-3 millimeter-sized single crystals. However, owing to robust interlayer coupling, cleaved

single crystals may not consistently exhibit a uniform surface. In this work, we studied ten

samples cut from the same growth. Samples S1, S2, and S3 are larger samples cut from

the growth, and were measured in a piston-cylinder cell, while S1-1, S1-2, S1-3, S2-1, S2-2,

S2-3 and S2-4, were smaller samples cut from S1 and S2, and were measured in a diamond

anvil cell. The data presented in the main text are from measurements of S1 and S1-1. The

single crystalline nature and orientation of samples S1, S2, and S3 were confirmed using

x-ray Laue measurements shown in Extended Data Fig. 7. The temperature dependence of

the magnetic susceptibility of the three samples are also displayed in this figure for fields

perpendicular to the c-axis, which all show similar behaviour, and also correspond well to

the data in Ref. [53] for this field direction.

Measurements under applied pressures up to 2.0 GPa were carried out utilizing a piston-

cylinder-type pressure cell with Daphne 7373 used as the pressure-transmitting medium. The

applied pressure was determined by the shift in Tc of a high-quality Pb single crystal [54]. For

measurements at pressures above 2.0 GPa, the samples were polished and cut to approximate

dimensions 120 × 80 × 20 µm3, and were then loaded into a BeCu diamond anvil cell with

a 400-µm-diameter culet. A 100-µm-thick pre-indented rhenium gasket was covered with

boron nitride for electrical insulation and a 200-µm-diameter hole was drilled as the sample

chamber. Daphne oil 7373 was used as the pressure transmitting medium, in order to obtain

good hydrostaticity. The DAC was loaded together with several small ruby balls for pressure

determination at room temperature using the ruby fluorescence method [55]. Electrical

resistance measurements in both the piston-cylinder and diamond anvil cells were performed

using a four-probe method, for which 15 µm diameter gold wires were attached to the samples
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using silver epoxy paste. The resistance was measured using a Teslatron-PT system with

an Oxford 3He refrigerator and a Quantum Design Physical Property Measurement System

(PPMS). Note that to avoid any extrinsic heating effects, for resistance measurements of

samples S1-2 and S2-4, a current of 1 µA was used, while other samples were measured

with a 100 µA current. The Hall resistivity was measured using a PPMS. Measurements

of current–voltage (I–V ) characteristics under pressure were performed in a Teslatron-PT

system with an Oxford 3He refrigerator, where the current was generated by a Keithley 6221

unit and the voltage was measured with a Keithley 2182A nanovoltmeter. The chemical

composition was checked using energy-dispersive x-ray analysis with a Hitachi SU-8010 field

emission scanning electron microscope.
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Extended Data Fig. 1 | Crystal structure, Laue measurements, and magnetic

susceptibility of single crystalline La3Ni2O7−δ. a, Crystal structure. b, c, d, X-ray Laue

pattern corresponding to the [001] direction, where simulations of the orthorhombic structure

with space group Amam are shown by red spots [? ]. e, f, g Temperature dependence of the

magnetic susceptibility χ(T ) of samples S1-S3 measured in a magnetic field of 0.4 T applied

perpendicular to the c axis. The temperature dependence of the magnetic susceptibility

of the three samples are also displayed in this figure for fields perpendicular to the c-axis,

which show similar behaviour, and also correspond well to the data in Ref. [35] for this field

direction.
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Extended Data Fig. 2 | Resistance near the structural phase transition. Resistance

of La3Ni2O7−δ sample S1-1 at 13.7 GPa as a function of temperature from 280 K down to 2 K.

The black (red) arrow denotes the data taken upon cooling (warming). At high temperatures

there is both a weak anomaly and hysteresis between warming and cooling, which might

be associated with a structural phase transition. Note that in Ref. [1] a change of room

temperature crystal structure is observed above 10 GPa, and therefore this anomaly may

correspond to a transition between the corresponding structural phases. The inset shows

the sample configuration in the DAC after pressure loading. The resistance was measured

using a four-probe method. The yellow and red arrows point to the gold electrode and the

pressure-transmitting medium Daphne oil 7373, respectively. The black region in the middle

is the sample, and the rubies and silver epoxy paste are underneath the sample.
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Extended Data Fig. 3 | R(T ) curves at 16.6 GPa under different currents and

I-V curves at different pressures and temperatures. a, Resistance of sample S1-

2 at 16.6 GPa in the vicinity of the superconducting transition, measured with different

excitation currents. For currents below 31.6 µA, the resistance curve remains unaffected

by the current magnitude. b, I-V curves of sample S1-2 at 1.5 K under various pressures.

c, I-V curves of sample S1-2 at various temperatures under a pressure of 16.6 GPa. The

critical current at 1.5 K is around 3 mA, and the sample has a cross-sectional area of 70 µm

× 5 µm, allowing us to estimate a critical current density of 850 A/cm2.
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Extended Data Fig. 4 | Resistance of La3Ni2O7−δ single crystal samples under

pressure. We measured the R(T ) curves of seven La3Ni2O7−δ single crystal samples under

pressure. Four samples exhibited zero resistance at high pressures, and energy-dispersive x-

ray analysis (EDX) measurements (Extended Data Fig. 4) show that three of these samples

are more homogeneous and close to the stoichiometric composition (S1-1, S1-2, S1-3), while

EDX of sample S2-1 was not measured as it broke upon releasing the pressure. For sample

S1-3, in order to measure the Hall resistivity at high pressures (Extended Data Fig. 8), we

used a 500-µm-diameter culet, which results in a more uneven pressure distribution near its

maximum pressure of 20 GPa, leading to a broader superconducting transition at 18.9 GPa

for this sample. The three samples (S2-2, S2-3, S2-4) with compositions far from 3:2:7 with

large δ did not show zero resistance.
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Extended Data Fig. 5 | Scanning electron microscope images and chemical

compositions of different La3Ni2O7−δ single crystal samples. Scanning electron mi-

croscope (SEM) images were taken of six of the small samples that were measured in a DAC.

For each sample, we used EDX to check the chemical composition. We randomly selected

various positions (marked with blue solid dots) for chemical composition analysis, where the

La content was normalized to 3. The final results are listed in the tables below the SEM

images, where the mean values are also given, as well as the standard deviation in paren-

theses. On average, the atomic ratios of La:Ni:O for samples S1-1, S1-2, and S1-3 are close

to the stoichiometric values of 3:2:7, with smaller standard deviations indicating that those

samples are more homogeneous. However, the atomic ratios of S2-2, S2-3, and S2-4 deviate

more significantly from stoichiometry, with larger variations in the compositions between

different points across the sample. For S2-3, we also include a “selected average” where the

regions with Ni ≫ 2 are excluded from the statistics.
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Extended Data Table 1 | Summary of the comparison between EDX and elec-

trical resistance measurements. The yellow highlights indicate a significant deviation

from the stoichiometric composition, while the red highlights show the samples without

zero-resistance.
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Extended Data Fig. 6 | Possible origin of the extrinsic insulating behaviour. We

conducted measurements on samples S2 and S2-1 which were subjected to thermal treatment

(heated for 2 hours at 400 K) and sample S3 which had no thermal treatment. After the

thermal treatment, as shown in a and b, the R(T ) curves (black left axis) at 1.2 GPa and

7.1 GPa both exhibit weakly insulating behaviour. However, it can be seen that the phase

angle (red right axis) gradually deviates from zero with decreasing temperature, indicating

that the measured resistance is not the intrinsic signal. At the same time, we found that

the contact resistance between the silver epoxy paste and sample increased gradually from

a few ohms at 300 K, to several tens of kilo-ohms at 2 K, which explains the significant

deviation in the phase angle. In contrast, for the sample without heat treatment the contact

resistance between the sample and silver epoxy paste remains at the level of ohms and does

not change with temperature. As shown in c, as the temperature decreases the phase angle

remains nearly zero, and the R(T ) curve exhibits metallic behaviour. This suggests that the

additional heat treatment may lead to oxygen vacancies, resulting in the formation of an

insulating layer on the surface and an increase of the contact resistance upon cooling. This

phenomenon has also been observed in YBCO [38].
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Extended Data Fig. 7 | Temperature dependence of the upper critical fields

at two pressures. The red and black points in both panels represent the upper critical

fields determined by T 0
c and T onset

c , respectively, which are determined from the construction

shown in Fig. 1. The solid lines show the results of fitting with a Ginzburg-Landau model,

and the green region between red and black solid lines represents the region where there

is an intermediate state or a thermally activated flux flow. By fitting Hc2(T ) determined

from T 0
c with a Ginzburg-Landau model, we obtained Hc2(0) of 23 T and 19 T for 20.5 GPa

and 26.6 GPa, respectively. By fitting Hc2(T ) determined from T onset
c , respective zero-

temperature values of 97 T and 83 T are obtained.
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Extended Data Fig. 8 | Hall resistivity ρxy(H) at 80 K under various pressures.

ρxy(H) for La3Ni2O7−δ sample S1-3 from 7.5 GPa to 19.4 GPa, where the red dashed lines

show fits to a linear magnetic field dependence.

28


	High-temperature superconductivity with zero-resistance and strange metal behaviour in La3Ni2O7-
	
	 References


