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Distribution and Evolution of Vector Magnetic Fields in
Coronal Holes
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(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012)

Coronal holes (CHs) are low density and low temperature regions in the solar corona,
and they are the sources of fast solar wind. Nowadays, many properties of CHs are far
from being understood. Magnetic fields are the key to understand the solar phenomena.
Therefore, we try to answer the questions relative to CHs by studying the distribution and
evolution of magnetic fields, especially the vector magnetic fields, in CHs.

With the observations from the SOHO, Hinode, STEREQO, and SDO, we investigate
some aspects of CHs in detail for the first time, such as the evolution of vector magnetic
field and magnetic nonpotentiality in CHs, and obtain a series of results. (1) Response of
the solar atmosphere to the magnetic field distribution and evolution in a CH. We study the
magnetic fields in a CH and at the CH boundary, and present the corresponding atmospheric
response of different overlying layers to the magnetic field distribution and evolution. We also
quantitatively analyze the relationship between the magnetic flux density and atmospheric
emissions at different wavelengths. (2) Evolution of dipoles in an equatorial CH and its
effect on the decay of the CH. We investigate the evolution of dipolar magnetic fields in
an equatorial CH region. In the CH, the submergence of initial loops after their emergence
is observed for the first time. The area where the dipoles are located becomes a place of
mixed polarities instead of the unipolar fields, resulting in the change of the overlying corona
from a CH area to a quiet region. (3) Distribution of vector magnetic fields and magnetic
nonpotentiality of CHs. We investigate the vector magnetic fields, current densities, and
current helicities in two CHs, and compare them with two quiet regions. We find that: (i)
in the areas where the large current helicities are concentrated, there are strong vertical and
horizontal field elements; (ii) the mean current density in the magnetic flux concentrations
with the vertical fields stronger than 100 Gs is as large as (0.01240.001) A-m~2, consistent
with that in the flare productive active regions; (iii) the magnetic fields in both the CHs and
the quiet regions are nonpotential. (4) SDO observations of magnetic reconnection at CH
boundaries. At the CH boundaries, we find many coronal jets as the signatures of magnetic
reconnection, below which the magnetic emergence and cancellation are observed. We study
the shifts of CH boundaries, and prove that the magnetic reconnection at CH boundaries
maintains the rigid rotation of CHs. (5) Structures and evolution of polar plumes in the
north polar CH. With the total solar eclipse observations, we investigate the properties and
evolution of the polar plumes. The results reveal that the plumes which are closer to the
CH center are more vertical. It seems that the lifetimes of plumes are much longer than the
timescale of eclipse, and there may be no short timescale oscillations.

The above results are helpful for us to understand the properties of CHs, and to get
more insight into the evolution of CHs and the magnetic activities in CHs. As the source
of fast solar wind, CHs are one kind of triggering regions of space weather. Therefore, our
results can also provide an essential physical basis and observational evidence for studying
the mechanism of solar wind acceleration and the course of space weather.



