The power spectrum of solar convection: Why so low at low k?
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Recent helioseismic observation (Hanasoge et al. 2012) suggest a deficit of low wave number power in solar convective
turbulence at scales larger than the solar supergranulation. Moreover, surface observations of giant cell scale convection
in the photosphere have been historically unsuccessful, with only very recent evidence for weak flows at these scales
(Hathaway et al. 2013). These observations are incompatible with both local area and global simulations of solar convection, and it is likely that both classes of simulations overestimate flow velocities at large scales. We illustrate this
conundrum with a model of the solar photospheric horizontal velocity power spectrum at supergranular scales and larger.
The model employs a two component approximation to the mass continuity equation, a one dimensional mixing length
model of the solar convection zone, and the assumption that large scale motions are driven only in the deepest layers. We
show that even in the presence of stratification, low wave number flows, if they exist in the deep solar convection zone
at the amplitudes expected from current numerical simulations, should be visible in the photosphere. That they are not
seen implies sustained correlations in the turbulence at smaller scales to maintain the heat transport. The origin of those
correlations is unknown, but possibly magnetic.

Figure 1: Left: The horizontal velocity power spectra (solid curves) from a hydrodynamic simulation of solar convection:
black 1.3Mm, blue 5.4Mm, green 15.7Mm, and red 23.9Mm below the photosphere. The dashed and dotted curves show
the horizontal velocity spectra deduced from the vertical velocity based on a two component continuity balance. Right:
The photospheric power computed using Coherent Structure Tracking (Roudier et al. 2012). The dashed curve computed
from HMI observations, the solid (red) from intensity maps of the hydrodynamic simulation, and the dotted (blue) curve
from intensity maps from a simulation within which an artificial flux that carries the solar energy below 8 Mm.
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