Profile of v, (7)
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When M , =1 (r =r,... Alfvén critical point), the numerator should be zero:

2
QerMi—1=O¢L=QrA=rA(QrA)

This indicates that the Alfvén critical point rotates at the same rate as the solar equator (rigid-body rotation).
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Whenr, <r=>M,» 1,v, =~ 7.

(angular momentum per unit mass is almost conserved J = v, r ~ L = const. because magnetic torque is weak,
indicating that solar wind plasma with frozen-in IMF is delayed against the solar rotation => spiral shape of the IMF)



Solar wind in inertial frame...

Archimedean spiral structure of IMF: o (r) < r
Solar-wind flow initially tends to be

©)
frozen into the plasma.

tangential to the solar surface because
the magnetic torque of a vertical

magnetic field effectively increases

Evolution of an IMF line
azimuthal velocity v,. On the other

I =1,
hand, the flow tends to be radial as it ‘

travels more than Alfvén radius r,

*In this illustration solar rotation speed is exaggerated

I=t,
7
R %.
because the magnetic torque is no r ;
% [
longer effective so thatradial velocity v, /
(always accelerated by gas pressure }
gradient force <= Parker's model) i =1,
becomes dominant.
' :
‘
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Locus of an SW plasma blob @

ForRy<rSr .. vym=Qgr

(rigid body rotation)
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LV,

(angular momentum conservation)




2.5D version of WD model...

solid... field line
+ dotted... stream line

Sakurai (1985)
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Fig. 6. The stucture of the poloidal feld a ke distances, ploted in
logarithmic scale in r. The flow 12 continuously deflected towerd the rotation
axis Atr=10%r, 5, the field lines with 4, = S0° are hundled into a coned = §°

Fig. 4. Magnetic field lines (solid) and flow stream lines (dashed) in the
equatorial plane (0=r=4r, yp). Three circles represent the location of the
three critical surfaces shown in Fig. 3b



r & O—components of a vector

o=

Pneuman-Kopp 2-dimensional model

(depends on r & 0, r & 6—components of a vector are considered)

(axis-symmetric, on a meridional plane, isothermal, steady,
dipole configuration, no rotation)

current sheet

radial field
Basic equations (steady)
2

) Velpv)=0
e P (v oV v) = — Vp + ,] x B — C]Mzop F=0
oL R AN r
T = const.
) —> V X (v X B) =0

Boundary condition (at the solar surface)

field lines and stream lines (they are 6
parallel because of a steady state) P=po B,=BycosB T,=156x10 K
_ Po _ Bé
(po—HkBTo—E)



Comparison with a potential field

Fig. 8. A comparison of the magnetic field of Figure 3 (solid curves) with a potential field (dashed
curves) having the same normal component at the reference level. The field lines for the two con-
figurations are chosen so as to be coincident at the surface.



Non-steady phenomena in solar wind

CIR (corotating interaction region)

ICME (interplanetary coronal mass ejection)



CIR (Corotating Interaction Region)

-

CIR... A region where a high-speed solar wind interacts with a low-speed solar
wind ahead. This is a location where MHD shock waves can be produced.
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ICME

ICME speed > sound speed, Alfvén
speed

MHD shock wave

radio emission

observed as type Il burst (metric range)
due to plasma oscillation driven by MHD shock wave

particle acceleration

via scattering process

MHD shock High-energy particles
wave generated by the shock wave
Energy ~ 100 Mev => relativistic proton (v, > 0.3 ¢)

=> |t takes about 20 min. to travel from the corona to the Earth.
=> The high-energy proton can penetrate the terrestrial magnetic field's barrier (proton event).



Long-term variation of solar wind



Solar wind variations over multiple solar cycles
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Three key factors determining physical properties of solar wind...

Solar activity
related to magnetic field strength

Hoddddilied d

s

\\§

Global magnetic field configuration

~N

[ Generation mechanism of SW plasma )
related to solar atmospheric heating & mass supply
from the photosphere to the corona




