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In this supplement, we describe methods and show additional data and analyses 

that support the results in the main text.  



 

Figure S1. (a) The depinning critical current density Jc as a function of Tc,0 for reduced 

temperatures (t0=T/Tc,0) of 0, 0.2 and 0.5. Here, Tc,0 is the zero-resistance temperature. 

Appearance of the sudden jump in Jc at 1.22 GPa, which is highlighted by the shade, is 

considered as due to magnetic pinning induced by the AFM phase. (b) Critical current densities 

of ΔJf and ΔJc as functions of ΔTc,on and ΔTc,0, respectively, where ΔJf = [Jf(P)-Jf(0)]/Jf(0)100%, 

ΔJc = [Jc(P)-Jc(0)]/Jc(0)100%, ΔTc,on = [Tc,on(P)-Tc,on(0)]/Tc,on(0)100%], ΔTc,0 = [Tc,0(P)-

Tc,0(0)]/Tc,0(0)100%, and Jf(0), Jc(0), Tc,on(0), Tc,0(0) are critical current densities and critical 

temperatures at ambient pressure. The Jf shows a monotonic increase with increase in Tc,on, on the 

other hand, Jc at 1.22 GPa shows a large enhancement despite a slight increase of Tc,0.  

 



Figure S2. Depinning critical current density (Jc) of FeSe single crystals at pressures of (a) 

ambient, (b) 1.22 GPa, (c) 2.00 GPa, and (d) 2.43 GPa as a function of magnetic field. The weak-

link behaviour that accompanies a sharp decrease in Jc at low fields is not observed over the 

entire pressure range. Magnetic fields were applied parallel to the ab-plane of FeSe. 



 

Figure S3. Temperature dependence of the depinning critical current density (Jc) under magnetic 

fields of 0 (squares), 0.1 (circles), 0.5 (triangles), and 1.0 Tesla (diamonds). The solid and the 

dashed lines are predictions from Tc- and l-pinning, respectively [S1,S2]. At ambient pressure, 

which is shown in panel (a), Jc is well explained by Tc-pinning and its overall behaviour is 

almost independent of magnetic field, indicating that spatial fluctuations in Tc due to Se 

deficiencies and point defects are important to trapping vortices and that the pinning mechanism 

is insensitive to the field strength. When an antiferromagnetic phase is induced for pressures 

above 0.8 GPa [S3,S4], Jc can no longer be explained by Tc-pinning, rather it follows l-pinning, 

suggesting that magnetic interactions between vortices and Fe moments are important to the 

pinning mechanism. Panels (b), (c), and (d) show Jc at 1.22, 2.0, and 2.43 GPa, respectively. The 

two pinning mechanisms of Tc-pinning and l-pinning are related to the spatial fluctuations of 

the Ginzburg-Landau (GL) coefficient α associated with disorder in the superconducting 

transition temperature (Tc) and the spatial variations of the charge carrier mean free path (l) near 

lattice defects, respectively [S1,S2]. 



 

Figure S4. The zero temperature upper critical field, μ0Hc2(0), for FeSe as a function of applied 

pressure. μ0Hc2(0) is estimated from the Werthmaer Helfand and Hohenberg (WHH) model for 

magnetic field applied parallel (triangles) and perpendicular (circles) to the ab-plane [S5].  
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