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Ubiquitous Kelvin-Helmholtz Instabilities Driving Plasma Mixing on the Sun
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Supplementary Fig. 1 | Comparison of vertical magnetic field in simulation and observation. (a) The vertical magnetic flux density, ​, from the MURaM simulation at the original resolution; (b)  at , corresponding to the formation height of the HMI Fe I 617.3 nm line (~250 km above the base of the photosphere) degraded to approximately HMI resolution, and (c) HMI magnetogram of the region observed with DKIST.
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Supplementary Fig. 2| Detected KHI surfaces and wavelength statistics in the magnetic field maps.  Same as Extended Data Fig. 5, except that now the magnetic field is shown instead of the emergent intensity. (a) MURaM image of the  with KHI interfaces marked with lines in cyan. (b) An example of a zoomed KHI interface. (c)  Example of an intensity profile along KHI surface #50 (left). The KHI wavelength is determined as the median separation between intensity dips. (d) shows the distribution of KHI wavelengths for 190 interfaces.
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Supplementary Fig. 3 | Same as Extended Data Fig. 7 for KHI case 2.
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Supplementary Fig. 4 | Same as Extended Data Fig. 7 for KHI case 3.
[image: ]
Supplementary Fig. 5 | Same as Extended Data Fig. 7  KHI case 4.
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Supplementary Fig. 6 | Same as Extended Data Fig. 7 for KHI case 5.
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Supplementary Fig. 7 | Vertical structure of the MURaM model. (a) The map of the vertical magnetic flux density, Bz, from the MURaM snapshot at the height z = 0. (b-d) Vertical cuts through the LoS magnetic field strength, vertical and horizontal velocities along the blue dashed line marked in panel a. (e-f) Vertical cuts of the vertical vorticity () and plasma  along the blue dashed line marked in panel a.
[image: ]Supplementary Fig. 8 | Striation dynamics in observed and synthetic images. Comparison of the dynamics of striations in the DKIST (a) and synthetic (b) 416 nm images at a heliocentric viewing angle of 14° (the arrows at the top left indicate the direction of the disk center). The viewing angle introduces significant asymmetry in the distribution of striations: in both images, extended striations originate from the corrugated KHI boundary on the limb-ward side of magnetic elements, while the disk center side shows fewer. The T-D diagrams (c-d) across the striations (along the blue lines) show that two striation patterns move simultaneously in opposite directions, driven by granular flows that generate velocity shear and KHI around circular-shaped magnetic elements. The simulated and observed striations exhibit very similar apparent speeds, ranging from 0 to 2 km s-1.
 [image: ]Supplementary Fig. 9 | MURaM simulation of disk center striation and its magnetic origin. (a–d): Maps of the vertical magnetic flux density and plasma density from the MURaM snapshot at a height of z=128 km, the emergent intensity at disk center, and the geometrical height where τ=1 at 415.9 nm. (e–h): Profiles of these parameters along the red line crossing the dark striae. The correlation between the emergent intensity (red lines) and the magnetic field/plasma density confirms that variations in the magnetic field are responsible for the disk center striation.
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	Supplementary Fig. 10: Shear layer for which the KHI is investigated. Density and velocity profiles of the initial state in the KHI region (image adapted from Chandrasekhar 1961)
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Supplementary Fig. 11 | Temporal evolution of the KHI amplitudes. KHI amplitudes derived from the observed (a-e) and synthetic (f-j) data for the cases listed in Extended data Table 1. Red circles indicate the amplitude values at different time steps measured from the corrugated interface of the unstable interface (see Methods). The blue curve shows the exponential fit, which is used to determine the growth rate () of the instability.   

Supplementary Video S1: 
The animation shows the dynamics of the solar photosphere as captured with DKIST/FastCam on 14 April 2025 within the active region NOAA 14060, observed in the blue continuum (416 nm) at a spatial resolution of approximately 19 km. Panels (d–f) show zoomed-in subregions, outlined by yellow boxes in the main panel, highlighting prominent examples of the Kelvin–Helmholtz instability.

Supplementary Video S2:
The animation shows the evolution of the solar photosphere (the vertical magnetic flux density and velocity components) at z=0 km height from MURaM radiative-MHD simulation, together with corresponding synthetic continuum images at 500 nm computed from the simulation. The movie highlights the ubiquitous occurrence of the KHI at the interfaces of magnetic elements.

Supplementary Video S3: 
The animation shows the evolution of the vertical magnetic flux density in the solar photosphere (at z = 0 km) from a MURaM simulation. A zoomed-in subregion highlights a prominent example of the KHI together with corresponding synthetic continuum images at 500 nm at disk centre and at 416 nm for μ = 0.97, computed from the simulation.

Supplementary Video S4:
Same as Supplementary Video S3, but highlighting a different subregion exhibiting another prominent KHI case.

Supplementary Video S5:
The animation shows the developing three-dimensional structure of the vertical magnetic field strength over the duration of the numerical simulation. The panels on the side show slices at different geometrical heights with the velocity field displayed as vectors. The movie highlights how the KHI impacts magnetic field morphology at all heights: the evolving KHI vortices drive the formation of separate but stable ‘strands’ of magnetic field patches below.
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