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Fig.1 The magnetic field observed by the PSP during its first approach to the Sun, the upper and lower panels correspond to

10d and 2h observations, respectively, where Br, Bt and By are the radial, tangential and normal magnetic field components,

respectively. This figure is from Ref. [8].
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Fig.2 Distributions for (a) the duration and (b) the scale size of magnetic flux ropes with the heliocentric distance, where the

color bar indicates the event count, the 2D histograms are for Helios observations, and the white curves represent the

corresponding average values; the red circles are for the PSP observations, and the green lines are the power-law fit for the

observations with related power-law exponents «. This figure is from Ref. [53].
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Fig.3 The 2D solar wind model for the propagation of the small coronal hole (SCH) plasma (purple region) and Alfvén waves
(green region) originating from the same SCH, where X-Y is in the ecliptic plane, X is the solar-terrestrial direction, Rg is the
solar radius, the grids represent the region where the SCH plasma overlaps with the Alfvén waves, and the dashed circle is the
region of radius 35.8 Rg, and the initial parameters used in the model are shown in the lower right corner. This figure is from
Ref. [60].
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Fig.4 Histograms of (a) the proton radial speed vy, (b) the relative a abundance nqvar/(npvp:), (¢) the proton number
density flux n vprr2, (d) the perpendicular electron temperature T, , (e) the relative proton beam ny/n,, (f) the a-proton drift
speed (vo — vp) - B/(va|Bl), (g) the proton temperature anisotropy Ty, 1 /Ty, and (h) the o temperature anisotropy T /Tq) for

fast solar, slow Alfvénic, and typical (non-Alfvénic) slow solar winds. This figure is from Ref. [61].
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Fig.5 The variation of the ratio of the heating rate Q to the
rate |Udp,, /dr — c€Rr| at which Alfvén waves do work on the
solar wind flow per unit volume, where Ry is the solar
radius, including the analytical results (green dots) and
three simulations for different initial conditions. This figure
is from Ref. [29].
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Fig.6 The distribution of the ratio of inward (sunward)
Alfvénic fluctuations to all Alfvénic fluctuations with the
heliocentric distance, observed by Wind and Voyager 2. This
figure is from Ref. [76].
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is from Ref. [82].
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Fig.9 The interplanetary coronal mass ejection (between two vertical dashed lines) observed by Wind (left) at 1 au and Ulysess

(right) at 5.4 au. From top to bottom, there are the magnetic field strength |B|, the proton number density N, the solar wind

speed V,,, the ratio of the observed to the expected temperature T, /Tex, and the parameter Err for the Alfvénicity, respectively.

The AF-rich and AF-lack regions are denoted by the sky blue area and the light pink area, respectively. This figure is from
Ref. [51].
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Advances in the Alfvén Wave Research in the Solar Wind

YANG Lei?®  SUN Chang!?® LI Jia-weil??

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100190)
(8 School of Astronomy and Space Science, University of Science and Technology of China, Hefer 230026)

AsstracT Alfvén waves are ubiquitous in the solar wind and have important implications for the
plasma heating and acceleration. The advances in Alfvén wave research in the solar wind in recent years
are summarized from the aspects of solar wind structures, solar wind turbulence, global models of the
solar wind, plasma instabilities (the parametric decay instability and firehose instability), and the solar
wind heating and acceleration. In view of the current research trend, the future research of Alfvén waves is
foreseen in three directions: the sub-Alfvénic solar winds, global models of the solar wind and solar source
regions.

Key words waves, plasmas, solar wind, magnetohydrodynamics (MHD), magnetic fields
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