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2 Collection of GST Publications

1. FINE STRUCTURE OF THE QUIET SUN
PHOTOSPHERE

Quiet sun photosphere – areas outside sunspot groups -
occupies more than 80% of the entire solar surface. In
spite of the fact that there is no strong and complex
magnetic fields there, no flares, the undisturbed photo-
sphere plays an important role in the evolution of the
sun. In particular, fundamental problems of magnetic
field generation can benefit a lot from an analysis of
transport processes in the quiet sun zones, of turbulent
diffusion, of magneto-convection processes in granula-
tion. A solution of these problems drastically depends
on high-resolution observations in both temporal and
spatial domains. The GST contribution was well-timed
and significant to make an insight into this field.

Figure 1. Left: Hinode G-band image obtained on 2010

August 3 at 18:22:11 UT (pixel size 000.109). Right: GST TiO

image obtained on 2010 August 3 at 18:22:10 UT (pixel size

000.0375). Both images cover the same area of 1800.8�1800.8

on the Sun. Adopted from Abramenko et al. (2010).

One of the most pronounced features of the quiet sun
(QS) is the solar granulation. The GST can resolve very
fine details of the granulation pattern. In case where
Hinode/SOT detects one large BP, GST detects sev-
eral separated BPs 1). Extended filigree features are
clearly fragmented into separate BPs in GST images.
The data showed (Abramenko et al. 2012) that along
with the population of regular granules with the typical
size of about 1000-1300 km and Gaussian size distribu-
tion, there is a distinct sub-population of mini-granules,
which are dominant on spatial scales below 600 km (Fig-
ure 2). Their size is distributed as a power law with an
index of -1.8 without predominant (average) scale and
they are predominantly confined to the wide dark lanes
between regular granules and often form chains and clus-
ters (Figure 3). Interpretation of mini-granulation is
that they are fragments of regular granules subjected to
highly turbulent plasma flows in the intergranular lanes,
where the intensity of turbulence is enhanced.

Abramenko (2016) explored fractal properties of so-
lar granulation on scales below 600 km. The degree of
multifractality found in various QS environments tends
to increase as the magnetic fields become weaker. Since

Figure 2. Left: PDFs of the granule equivalent diameter de-

rived from 15 various detection runs (gray lines) overplotted

with their average (thick red line). Positions where the aver-

aged PDF rapidly changes its slope are denoted by the verti-

cal blue dotted lines. Right: decomposition of the observed

averaged PDF (red line) into two components: a power-law

approximation (f1, green line) and a Gaussian approxima-

tion (f2, blue). Their sum (f1 + f2) is plotted with the gray

line. Adopted from Abramenko et al. (2012).

the multifractality on very small scales is associated with
the fast turbulent dynamo action, the results show that
most favorable conditions for the dynamo are encoun-
tered outside of the network fields within vast areas of
weakest magnetic fields.

Another interesting and very important feature of the
QS photosphere is the so called bright points (BPs) vis-
ible in various spectral bands and thought to be associ-
ated with vertical magnetic flux tubes. BPs are bright
structures observed in darker intergranular lanes. It is
generally agreed that they are brighter than the mean
granular intensity because the dynamical equilibrium
with the external gas is partly balanced by the mag-
netic field of what is commonly called a “flux tube”.
Since the gas pressure inside the “tube” is lower, the
measured radiance comes from deeper, hotter layers of
the Sun. Goode et al. (2010) demonstrated for the first
time that the photospheric plasma motion and magnetic
fields are in equipartition over a wide dynamic range,
and both cascade energy to ever-smaller scales accord-
ing to classical Kolmogorov turbulence theory. What is
obvious in this representative image is that BPs do not
come in sheets as observations with lower spatial reso-
lutions and simulations predict (Goode et al. 2010). In
fact, we see no evidence of sheet-like structures in any of
these observations covering the entire field of view over
the duration of the data. So instead of an unstructured
magnetic sheet in the dark lanes between granules, one
might envision a turbulent “sheet” composed of sepa-
rated, nearly vertical threads that are “washed out” at
lower resolution, so as to appear continuous. Andić et al.
(2011) found that observed BPs covered �5% of the
solar surface and were not homogeneously distributed,
while Yurchyshyn et al. (2010) reported that H� BPs




