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Characterizing the dimensionality of the superconducting state in the infinite-layer (IL) 

nickelates is crucial to understand its nature. Most studies have addressed the problem 

by studying the anisotropy of the upper critical fields. Yet, the dominance of Pauli-

paramagnetism effects over orbital ones makes it challenging to interpret the experiments 

in terms of dimensionality. Here we address the question from a different perspective, by 

investigating the vortex phase diagram in the mixed-state. We demonstrate that 

superconducting Pr0.8Sr0.2NiO2 thin films present a vortex liquid-to-glass transition of a 

purely two-dimensional nature. The obtained results suggest that bidimensionality is an 

intrinsic property, and that superconductivity resides in fully-decoupled NiO2 planes. In 

this scenario, the coherence length along the c-axis must be shorter than the distance 

between those planes, while Josephson and magnetostatic coupling between them must be 

negligible. We believe that these conclusions are relevant for theories on the origin of 

superconductivity in the IL-nickelates.  
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Since the discovery of superconductivity in infinite layer (IL) nickelates [1], many efforts have 

focused on finding analogies and differences with the cuprates, [2,3] with which they share 

electron counts (Ni1+:3d9) and a square planar geometry in the basal plane. The underlying idea 

is that both families of materials could also share pairing mechanisms −which is still under 

debate  [4]− and that such a quest may help solve the longstanding problem of high-temperature 

superconductivity. Work has been devoted e.g., to searching d-wave superconductivity [5], 

charge density waves [6–9], and the strange metal behavior above Tc  [10] that characterizes the 

cuprates. The research has also unveiled differences with the latter materials. For example, 

unlike the cuprates’ parent compound, which is a robust antiferromagnetic insulator, undoped 

IL nickelates show bad-metal behavior and the possible existence of long-range 

antiferromagnetism is still under debate [6,11–13]. 

Superconductivity in IL-nickelates has been observed only in ultrathin films. On the other hand, 

these materials present a layered, intrinsically anisotropic structure with NiO2 planes separated 

by a rare-earth/hole dopant (Nd, Pr, La, Sr, Ca)   [1]. Those characteristics have motivated much 

recent work to elucidate the anisotropy and dimensionality of the superconducting phase. This 

has been done by measuring the upper critical field 𝐻𝐶2 along different crystallographic 

directions  [14–20]. A variety of behaviors have been observed, interpreted in some cases in 

terms of highly anisotropic  [17–19] and in others isotropic [14–16] superconductivity, with a 

strong dependence on the rare-earth element  [18] and doping level [15]. The main problem, as 

detailed below, is that the competition between orbital-limited and Pauli-limited 

superconductivity −depending on the field direction and temperature [14]− makes it difficult to 

interpret that phenomenology in terms of dimensionality.  

Despite being a key to characterizing the superconducting state, vortex physics in the IL-

nickelates has so far received relatively scarce attention  [21,22], and little is known about the 

vortex phase diagram and dynamics. In the cuprates’ mixed-state, the interplay between thermal 
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effects, anisotropy, vortex elasticity, and structural disorder results in a complicated vortex-

phase diagram, thoroughly studied [23]. Clean single-crystals show a zero-resistance vortex-

solid phase at low temperatures, separated by a first-order “melting” transition from dissipative 

vortex-liquid [24]. In thin films, due to disorder, that transition becomes a continuous second-

order one at a temperature 𝑇𝑔 that separates the vortex liquid from a vortex glass. Contrary to 

the solid, the glass presents no long-range translational order [23,25]. Whether this 

phenomenology is present in IL-nickelate films remains unexplored. One of the reasons why 

that question is of great interest is, precisely, because the glass transition is extremely sensitive 

to the dimensionality of the superconducting state. This is so because the vortex-glass 

correlation length 𝜉𝑉𝐺  must diverge upon approaching the glass phase from the liquid one; 

however, that is hindered in systems of reduced dimensionality. In particular, in truly two-

dimensional systems, 𝜉𝑉𝐺  can only diverge along two spatial directions, resulting in 𝑇𝑔 =

0  [26]. This has dramatic effects on the electrical transport properties: it implies that, strictly 

speaking,  a truly zero-resistance state is only achieved at 0 K.  

Here we study vortex dynamics in the mixed state of infinite-layer Pr0,8Sr0,2NiO2 (IL-PSNO) 

thin films and find clear evidence of purely two-dimensional vortex matter . We find that the 

two-dimensional character of superconductivity is intrinsic. This suggests that 

superconductivity resides within the NiO2 planes and there exists virtually no coupling between 

them. 

Optimally doped perovskite Pr0,8Sr0,2NiO3 (PV-PSNO) thin films were epitaxially grown on 

(001) SrTiO3 (STO) by pulsed laser deposition (PLD). A capping layer of ⁓ 2 nm STO was 

deposited on the nickelate film to help stabilize the infinite-layer structure [6,27]. Following 

the same procedure described in previous work [28], the as-grown samples underwent a 

subsequent CaH2 reduction process to obtain the Pr0,8Sr0,2NiO2 (IL-PSNO) infinite-layer phase. 

Figure 1 (a) displays the X-ray diffraction data (θ-2θ scan around c axis, Cu K-𝛼 radiation ) for 
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the sample before (red) and after (black) reduction, showing a shift of the (002) peak from 48.4º 

(PV-PSNO) to 54.8º as expected for a complete transformation into the infinite layer phase (IL-

PSNO). Low-angle X-Ray reflectivity (not shown) allowed us to measure the film thickness 

𝑑 =7.9 nm ± 0.2 nm.  

In Fig. 1 (b)-(c), the zero-field resistance vs. temperature 𝑅(𝑇) shows a superconducting 

transition with critical temperature 𝑇𝐶  ~ 7.2 K as defined by the criterion 𝑅 = 0.5𝑅𝑁 (𝑅𝑁 = 

178   is the normal-state resistance at 𝑇 = 10 K). Under the application of magnetic fields (see 

legend) the superconducting transition widens, as expected. This effect is much stronger when 

𝐻 is applied along the crystallographic c axis [perpendicular to the film, Fig. 1(c)] than when it 

is applied parallel to the ab plane [parallel to the film, Fig. 1(b)]. This anisotropic behavior is 

comparable to that observed in La0.8Sr0.2NiO2 [15,17,20] (IL-LSNO) films, and stronger than 

in Nd0.775Sr0.225NiO2 ones (IL-NSNO) [14,20]. Resistance vs. magnetic field measurements 

with 𝐻 applied along the c axis [Fig. 1 (d)] and in-plane (see Supplemental Material) display 

typical superconducting behavior, qualitatively as expected nickelate films [14]. Based on those 

measurements and using the criterion 𝑅 = 0.5𝑅𝑁, we calculated the temperature-dependent 

upper critical fields Hc2, which are displayed in Fig. 1 (e). Hc2,⊥ (along c, black symbols) shows 

a linear behavior while the Hc2,∥ (parallel to the ab plane, red symbols) shows a square root 

dependence, as expected in the Ginzburg-Landau (GL) approximation for films whose 

thickness 𝑑 limits the divergence of the coherence length [29], that is: 

(1)                  𝐻𝐶2 ,⊥(𝑇) =
𝜙0

2𝜋𝜉𝑎𝑏
2 (0)

(1 − 𝑇 𝑇𝐶⁄ )   

(2)                   𝐻𝐶2 ,||(𝑇) =
√12𝜙0

2𝜋𝑑𝜉𝑎𝑏(0)
(1 − 𝑇 𝑇𝐶⁄ )0.5 

From 𝐻𝐶2 ,⊥(𝑇) in Fig. 1 (e) and using Eq. 1, we calculate the temperature-dependent GL 

coherence length in the ab plane (see inset) and its zero-temperature value 𝜉𝑎𝑏(0) ~ 3.7 nm. 
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This value is comparable to 𝜉𝑎𝑏(0) for Nd0.775Sr0.225NiO2 (IL-NSNO) films [1,14,30,31]. Just 

as in [14], we find a quantitative inconsistency for 𝐻𝐶2 ,||(𝑇) ∶ its value is between 32% and 

68% of that expected from Eq. 2 with 𝑑 = 7.9 nm. This suggests that 𝐻𝐶2 ,||  is Pauli-

limited  [14,32], i.e., that it is determined by paramagnetic (Zeeman energy) effects and not by 

orbital ones. In this scenario, 𝐻𝐶2 ,|| is unrelated to 𝑑 and the coherence length (𝜉𝑎𝑏 , 𝜉𝑐), and it 

is instead given  by  𝐻𝐶2,||  = 𝐻𝑝 =  Δ0(𝑇) √2𝜇⁄  , with Δ0(𝑇) = Δ0(0)(1 − 𝑇 𝑇𝐶)⁄ 0.5
 the zero-

field temperature-dependent superconducting energy gap and 𝜇 the effective in-plane electronic 

magnetic moment. Based on the data in Fig. 1 (b), and assuming BCS behavior Δ0(0) =

1.76𝑘𝐵𝑇𝐶, we obtain 𝜇~0.5𝜇𝐵 . This is similar to values reported elsewhere for IL-PSNO [20] 

and IL-LSNO  [15,17] and suggests a depressed magnetic susceptibility as compared to the 

free-electron system (𝜇 = 𝜇𝐵) that contrasts with the enhanced 𝜇~2.4𝜇𝐵 obtained under the 

same assumptions for IL-NSNO  [14]. The possible origin of this diverse phenomenology, 

currently debated, includes rare-earth’s magnetism effects  [20] and unconventional (triplet) 

superconducting pairing  [15]. 

In summary, we observe a strongly anisotropic behavior in the critical fields, however, the 

temperature dependence in parallel configuration folllows the behavior expected for Pauli-

limited superconductivity with an anomalous 𝜇~0.5𝜇𝐵 . This implies that the ratio 𝛾 =

𝐻𝐶2,|| 𝐻𝐶2,⊥⁄  does not reflect the anisotropy in the superconducting coherence length  𝜉𝑎𝑏  𝜉𝑐⁄ , 

which could be much higher than 𝛾. It also suggests that studies on the angular-dependent 

critical fields and magnetoresistance in the nickelates  [18] may be difficult to interpret in terms 

of the vortex matter dimensionality. 

Clear evidence of the two-dimensional nature of vortex matter in IL-PSNO is obtained from 

low-current 𝑅(𝑇) measurements with 𝐻 applied perpendicular to the film, which are displayed 



 

6 
 

in Fig. 2. For all fields, log (𝑅) vs. 1000/𝑇 is linear across a large portion of the resistive 

transition, demonstrating activated behavior, 

(3)  𝑅 ∝ 𝑒
−𝑈(𝐻)

𝑘𝐵𝑇  ,  

as expected in the thermally activated flux-flow regime  [23]. The inset of Fig. 2 displays the 

field-dependent vortex activation energy 𝑈(𝐻) calculated from the linear fits shown in the main 

panel. Two distinct field regimes are observed. At high fields (
0

𝐻 >1 T), when collective 

vortex pinning expectedly dominates  [23], we observe 𝑈(𝐻) ∝ − log(𝐻). This is characteristic 

of two-dimensional vortex matter  [23], as observed in a variety of systems including the most 

anisotropic cuprates  [33–35]. Such a field dependence is in stark contrast with 𝑈(𝐻) ∝ 𝐻−𝛼 

observed in 3D superconductors, including moderately anisotropic cuprates such as YBa2Cu3O7 

for which 0.5 < 𝛼 < 1  [36], and also superconducting IL-NSNO for which an unusual 𝛼 > 5 

has been reported  [14]. For low fields  (
0

𝐻 <1 T), the field dependence of 𝑈 becomes weaker, 

as observed also for other IL-nickelate films  [14], suggesting a crossover into a single-vortex 

pinning regime [23]. Notice finally that in the log (𝑅) vs. 1000/𝑇 there exists a systematic 

departure from activated behavior at low temperatures: the measured resistance exceeds the 

trend dictated by Eq. 3 (dashed straight line). This occurs below a departure temperature 𝑇𝑑 

(and below a resistance level) that is lower (higher) the stronger the magnetic field. Such 

behavior suggests the onset of a crossover from thermally activated vortex motion into a 

different regime, possibly the quantum motion of vortices  [37] observed in a variety of two-

dimensional systems  [33,38–40]. 

Further evidence of purely two-dimensional vortex matter is provided by sets of isothermal 

𝑉(𝐼) measured in fixed magnetic fields, as those shown in Fig. 3 (a). The behavior is the same 

for all the fields studied 0.1 T <  𝜇0𝐻 < 5 T. At the highest temperatures, the response is ohmic 

within the entire current range. Upon cooling, the ohmic range gradually narrows: 𝑉(𝐼) 
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becomes nonlinear above a certain 𝐼𝑛𝑙 that decreases as the temperature is decreased, together 

with the ohmic resistance 𝑅𝑙𝑖𝑛 = lim
𝐼→0

𝑉/𝐼. This behavior is as expected across a continuous 

(second-order) transition from a non-superconducting vortex-liquid into a vortex-glass  [25,41–

47] in which, below a certain transition temperature 𝑇𝑔,  the concavity of the  𝑉(𝐼) should 

change from upward to downward, yielding a truly superconducting state with lim
𝐼→0

𝑉/𝐼 = 0.  

However, in Fig. 3 (a) all 𝑉(𝐼) are concave up. This indicates either a finite 𝑇𝑔  that lies below 

the floor temperature of our experiments  (~1.8 K), or that the system is purely two-dimensional, 

in which case 𝑇𝑔 = 0  [26,48].  The latter scenario is demonstrated by the collapse of the 𝑉(𝐼) 

isotherms into a single master curve, achieved via the scaling ansatz from the vortex-glass 

theory for two-dimensional systems  [26,48–50]:  

(4)      
𝑉

𝐼
∙ 𝑒(

𝑇0
𝑇

)
𝑝

= 𝑓 (
𝐼

𝑇1+ν2𝐷
)  

where 𝑓 is a (field-dependent) universal function for all 𝑇, 𝑇0 is a characteristic energy scale, 

the critical exponent ν2𝐷 =2, and 𝑝 reflects the dominant transport mechanism, with 𝑝 ≥ 1 for 

thermal activation of vortices and 𝑝 ≈ 0.7 expected for quantum tunneling of vortices across 

the relevant energy barriers [51]. From the theory, it follows that the ohmic resistance in the 

low-current limit is: 

(5)       𝑅𝑙𝑖𝑛 ∝  𝑒−(
𝑇0
𝑇

)
𝑝

     

Figure 3 (b) displays the collapse of the 𝑉(𝐼) from Fig. 3 (a) according to Eq. 4. That is achieved 

by fixing  𝑝 = 1 (in consistency with Fig. 2, where vortex motion is thermally activated across 

most of the resistive transition) and finding the value of 𝑇0 that allows collapsing all 𝑉(𝐼) onto 

a single master curve. The highest T isotherms, those with 𝑅𝑙𝑖𝑛 > 0.5𝑅𝑁, are excluded from 

this analysis in agreement with the 𝐻𝑐2 criterion [see Fig. 1 (d)]. Similarly, 𝑅𝑙𝑖𝑛  data points for 

𝑇 < 𝑇𝑑 (temperature of deviation from activated behavior, see  Fig. 2) cannot be scaled and are 
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also excluded. Notice however that the non-linear (high-current) data points from the latter 

isotherms do collapse onto the master curve. 

The above approach allows collapsing the set of 𝑉(𝐼) for each of the studied fields, and thus 

determining 𝑇0(𝐻), with a typical error bar Δ𝑇0 ~ 10% (see Supplemental Material). Notably, 

𝑇0(𝐻) [inset of Fig. 3 (b)] is qualitatively and quantitatively similar to 𝑈(𝐻) shown in the inset 

of Fig. 2. This evidences the consistency of the analysis −while 𝑈(𝐻) dictates the temperature-

dependent transport at a fixed low-current level, 𝑇0(𝐻) governs the scaling of both temperature 

and current effects over the entire dynamic range (linear and nonlinear regimes). 

In summary, the scaling analysis indicates that vortex matter is purely two-dimensional in IL-

PSNO, leading to a vortex-glass transition with 𝑇𝑔=0. Additional supporting evidence is given 

in the Supplemental Material, where we illustrate that the scaling of the 𝑉(𝐼) datasets is not 

possible within the frame of 3D or quasi-2D glass transition models. 

Based on the scaling parameter 𝑇0, we can estimate an upper limit for the vortex length 𝑙 along 

the c-axis. According to earlier work  [49,52], 𝑇0 is of the same order of magnitude as the vortex 

core energy, that is 𝑘𝐵𝑇0 ≈ 𝜀0𝑙 with the vortex core energy per unit length 𝜀0 = ℏ𝜌𝑆/𝑚. 

Assuming a Cooper pair mass 𝑚 =1.82 10-30 kg and density 𝜌𝑆 =1027 m-3 as in the cuprates (IL-

PSNO presents a normal carrier density [28,53] similar to the cuprates) and considering that 

𝑇0< 40 K [from Fig. 3(b)], we obtain 𝑙 < 0.1 nm. This length scale is two orders of magnitude 

shorter than the film thickness, which indicates that the pure 2D behavior is an intrinsic property 

and not a thin film geometry effect. Further, the estimated 𝑙 is 3 times shorter than the distance 

between NiO2 planes in the structure.  From this, two possible pictures come to mind.  

The first one is that superconductivity in IL-PSNO may be an interfacial effect, analogously as 

in the LAO/STO and Al/KTO systems [54,55], in which superconductivity emerges from a two-

dimensional electron gas. In that scenario, vortices would be naturally two-dimensional as 
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vortex correlations along the c-axis 𝜉𝑉𝐺,⊥ are not defined. This picture would also be consistent 

with Pauli-limited superconductivity in parallel applied fields. However,  the experimental 

evidence rules out a two-dimensional electron gas at the interface between IL nickelates and 

the SrTiO3 substrate [56]. Further, IL nickelates have successfully been grown on other 

substrates, such as LSAT, in which the formation of 2D gases is hindered [57]. Therefore, the 

interfacial superconductivity scenario seems unlikely, unless some novel state different from a 

2D electron gas can be postulated as a precursor of superconductivity. 

In the second picture, also fully compatible with Pauli-limited behavior, is that 

superconductivity resides in the NiO2 planes, and these are fully decoupled from one another. 

This suggests that the coherence length in the c-axis is much shorter than the distance between 

NiO2 planes, and that Josephson and magnetostatic coupling are negligible  [23]. In this 

scenario, under the application of 𝐻⊥, “pancake vortices” [58] nucleate in each NiO2 plane that 

are completely decorrelated from those in the adjacent planes, resulting in 𝜉𝑉𝐺,⊥ = 0. This 

situation is analogous to that of the highly anisotropic cuprate TBCCO [52] and strongly 

oxygen-depleted YBCO [49]. However, there exist two remarkable differences between the 

case of the cuprates and that of IL-PSNO. The former show a finite 𝜉𝑉𝐺,⊥ and 𝑇𝑔 (3D behavior) 

at low 𝜇0𝐻⊥, and the crossover into pure 2D behavior with 𝑇𝑔 = 0 is observed only above 

magnetic fields of the order of ~1 T, when the in-plane interactions between vortices overcome 

the Josephson coupling between superconducting layers (pair of CuO2 planes) [59]. In contrast, 

IL-PSNO shows 𝑇𝑔 = 0 from the lowest fields ~0.1 T. This is even more surprising considering 

that NiO2 planes are only ~3 Å apart while, in the highly anosotropic cuprates, the distance 

between superconducting layers is in the nanometer range. This situation could be explained by 

two ingredients. The first one is a relatively long penetration length, that we estimate  [60] 𝜆0 =

1.29 × 10−2(𝜌/𝑇𝑐)1/2 ~ μm, in good agreement with earlier work [1]. This has to be compared 

with  𝜆0~100 nm in the cuprates. A longer 𝜆0  significantly enhances vortex interactions within 
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each NiO2 plane, which would promptly overcome inter-plane vortex interactions in increasing 

magnetic field [23]. The second ingredient is the possible magnetism of Pr under magnetic 

fields [25], which would expectedly contribute to quenching superconducting coupling between 

NiO2 planes. Extending the present transport experiments to other IL nickelates would be 

desirable to clarify those contributions.  

In summary, we have studied vortices in the mixed state of superconducting IL-PSNO films. 

The dynamic scaling of the 𝑉(𝐼) characteristics and field dependence of the vortex activation 

energy consistently demonstrates that vortex matter is purely two-dimensional in this system, 

even for fields as low as 0.1 T. The quantitative analysis of the scaling parameters indicates that 

the vortex length along the c-axis is much shorter than the film thickness and the distance 

between NiO2 planes, and thus that the two-dimensional nature of vortex matter is intrinsic. 

The existing evidence suggests that superconductivity resides within NiO2 planes and coupling 

between them is virtually inexistent. We believe that this conclusion is an important ingredient 

to understanding the nature and origin of superconductivity in the infinite layer nickelates. 
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Figure 1 (a) XRD θ-2θ scan of a PSNO film as-grown (red) and after the CaH2 reduction 

process (black). (b) Normalized resistance vs temperature 𝑇 of an IL-PSNO film, measured 

with 𝐼 = 10 μA in magnetic fields H (see legend) applied parallel and (c) perpendicular to the 

ab plane.  (d) Resistance vs. H applied along the c axis, for 5 K < 𝑇 < 8.2 K. The horizontal 

line indicates the resistance criterion used to determine the upper critical field 𝐻𝑐2 .. (e) 𝐻𝑐2,⊥ 

(left axis) and (𝐻𝑐2,∥)
2
  (right axis) vs 𝑇, respectively measured with the field applied 

perpendicular and parallel to the ab plane. Lines are a guide to the eye. The grey shadow 

highlights the difference between (𝐻𝑐2,∥)
2
  and the expectation from Eq. 2 (red solid line). Inset: 

coherence length in the ab plane 𝜉(𝑎𝑏) vs. 𝑇. The horizontal dashed line indicates the film 

thickness 𝑑𝑃𝑆𝑁𝑂  , for reference. 
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Figure 2. Resistance vs 1000/𝑇 for magnetic fields between 0.1 and 9 T applied parallel to 

the c-axis. Black dashed lines are linear fits.  Inset: Magnetic field dependence of the activation 

𝑈. The red line is a fit to a logarithmic decay for 𝜇0𝐻 > 0.5 T. 
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Figure 3 (a) Voltage vs current isotherms under 0.1T applied parallel to the c-axis, for 

temperatures between 1.8 and 8.6 K in ~ 0.2 K steps.  (b) Scaling of the isotherms following a 

pure 2D vortex glass model. The scaling parameters are shown in the legend. The inset shows 

the dependence of T0 on applied field.  The red line is a fit to a logarithmic decay for 𝜇0𝐻 > 0.5 

T. 
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Supplementary Figure 1: Resistance vs. H applied along the ab axis, for 6 K < 𝑇 < 9 K. The 

horizontal line indicates the resistance criterion used to determine the upper critical field 𝐻𝑐2 .. 
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Supplementary Figure 2: Scaling of the 𝑉(𝐼) dataset shown in Fig. 3 (a), using different values 

of the scaling parameter 𝑇0. When 𝑇0 is around 10% off the optimum 𝑇0 = 32 𝐾, a sensible 

degradation of the data collapse is observed. The degradation becomes much stronger when 𝑇0 

is 20% off. This gives a sense of how critical the scaling parameter is, and how precisely it can 

be determined.  
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Supplementary Figure 3: The vortex-glass transition in 3D or quasi-2D systems occurs at 

finite 𝑇𝑔, below which 𝑉(𝐼)  become concave downward, yielding a truly superconducting state 

with lim
𝐼→0

𝑉/𝐼 = 0.  However, as shown in the example above for  𝜇0𝐻 = 0.1 T, all 𝑉(𝐼) show 

upward curvature in the entire experimental window. The behavior is similar for all sets of 

𝑉(𝐼) measured under fields 0.1 T<  𝜇0𝐻 < 5 T. The question that arises is whether 𝑇𝑔 could be 

finite but lie below the temperature floor of our experiments ~1.8 K. The pure 2D scaling 

discussed in the main text rules out that possibility. To further strengthen this conclusion, we 

attempted collapsing the 𝑉(𝐼) sets via the scaling ansatz from the vortex-glass theory for 3D or 

quasi-2D systems  [1–3]  : 

(S1)     (𝑉/𝐼)|1 − 𝑇/𝑇𝑔|
𝜈(𝐷−2−𝑧)

= 𝑔± ((𝐼 𝑇)⁄ |1 − 𝑇/𝑇𝑔|
𝜈(1−𝐷)

) 

Where 𝑔± is a (field-dependent) universal function for all 𝑇 above (+) and below (-)  𝑇𝑔,  𝐷 =

3 for three-dimensional and 𝐷 = 2 for quasi-two-dimensional systems, and 𝑧 and 𝜈 are 

respectively the static and dynamic critical exponents which, according to the theory [1],  

should take values in the ranges 4 < 𝑧 < 6 and   1 < 𝜈 < 2. We tried to collapse the 

experimental data using Eq. S1 and varying all the parameters 𝐷, 𝑧, 𝜈 and 𝑇𝑔  within the physical 

ranges, with absolutely no success (see examples above), not even being able to collapse the 

thermally activated flux flow branch 𝑔+ for any 𝑇𝑔< 1.8. 

 


