
Description of Additional Supplementary Files 

File Name: Supplementary Movie 1 
Description: Single defect case—A fundamental microscopic mechanism for hysteresis.  
 
Quasi-static evolution of interface position and the macroscopic hysteresis curve (saturation Sw vs. 
the external forcing H) during imbibition-drainage cycle, for a sample with a single mesa defect. As 
the interface enters and leaves the defect, it experiences pinning and depinning (jump) in a way that 
depends on the wettability, namely whether the interface advances in drainage or in imbibition. In 
imbibition the interface is quickly deformed as soon as it touches the defect. The interface retains its 
deformed shape until it reaches the other edge of the defect. Then, it becomes pinned until it 
flattens and leaves the defect. This part of the behavior is reversible: after the flow direction is 
reversed (drainage), the interface gets pinned upon its contact with the defect and remains so until 
it develops the fully-deformed shape. This shape is retained until the tip of the interface reaches the 
other edge of the defect, where it jumps abruptly and flattens again. As this jump occurs at a 
different pressure P(reservoir height H) than in imbibition, it is irreversible, and responsible for the 
hysteresis in the pressure-saturationrelation. The simulation is the same one as shown in Fig. 1 in 
the main text. 
 

File Name: Supplementary Movie 2 
Description: Collective interactions in disordered media  
 
Imbibition-drainage cycle in a disordered system with multiple defects. The two panels show the 
evolution of the interface configuration (a microscopic feature) as well as the macroscopic pressure-
saturation(PS)relationship. The disorder (variability in gap thickness b) leads to variability in the out-
of-plane curvatures, and hence to a rugged energy landscape which is manifested by jagged PS 
behavior and a rough interface. The collective effect of the interactions betweenmultiple 
microscopic events associated with individual defects gives rise to very large Haines jumps, 
responsible for the hysteretic macroscopic response of the PS relation. The simulation is the same as 
shown in Fig. 2 in the main text. 
 


