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Observations of Solar Wind:
High-Speed & Low-Speed
Solar Wind
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Observations of
Solar Wind

= ACE spacecraft Observations
(ACE XZ=fig BOERAIFER)
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Origin of the high-speed solar wind
SEXEZR REHE ?

-+ Origin of the quasi-steady high-speed low-density solar wind
- @R, BREN BREXER 2RE R ?
Ans.: Coronal Hole B

- Origin of the transient high-speed high-density solar wind
- @R, SFEN GRXER 2RE R ?
Ans.: Coronal Mass Ejection (CME) B&Z¥& s
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Distributions of Solar Corona

During Solar Maximum
KeAFRAHKGNER PRAAZIN BE5 4




Distributions of Solar Corona and
Coronal Hole During Solar Minimum
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Ulysses Observation of Solar-Wind Speed(1991-1998)

ULYSSES/SWOOPS
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Acceleration of Solar Wind
NERIDLRIRIE




Acceleration of Solar Wind
NERIDLERE

= How to generate a supersonic flow in a wind tunnel ?
BER 100#%E RUEIPES BERIRIR ?
= AMATA0R RSR7 ? WAIHDR BE3RTE ?
= 127K C RERN URAFBERE (20 - KiFR)
BE R AUBRMEOTE (10 E5R)
= de Laval nozzle (—& BB &RR T EESS)
=_https://en.wikipedia.org/wiki/De_Laval nozzle
*How to accelerate the subsonic coronal breeze
to the supersonic solar wind ?
0% REEN B Z=HE MRS B REKEER
= https://adsabs.harvard.edu/full/1969CoASP...1...31 D



https://en.wikipedia.org/wiki/De_Laval_nozzle
https://adsabs.harvard.edu/full/1969CoASP...1...31D

Formation of Shock Waves
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BRAES
- FRAIE (in shock wave rest frame)
- IREBNERE, ERF/ LN B8R M F@HER
DR AR E IR
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Skylab (1973) Hard-X ray image

Elephant-trunk distribution of coronal hole
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High Speed Solar Wind From Coronal Hole

High-speed solar wind from low-latitude coronal hole

-Slow solar wind from the corona region

-Solar rotation yields high-speed solar wind overtaking
slow solar wind

->Co-rotating shocks in the interplanetary space
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Co-rotating shocks
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Interplanetary shock wave



Velocity (km/sec)
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Observations of
Solar Wind

= ACE spacecraft Observations
(ACE XZ2fis VA R)

Coronal Holes: 13 May 22
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Solar wind flowing from the indicated
coronal hole should reach Earth on May
16-17. Credit: SDO/AIA
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ANTARCTIC LUNAR ECLIPSE: Around the world, millions of people saw the
May 15th lunar eclipse. Only a few saw it from Antarctica. Thomas Leps sends
this picture from the geographic South Pole:
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Observations of
Solar Wind

200

= ACE spacecraft Observations
(ACE XZ2fis IERRIER)
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Solar wind flowing from these coronal DAY
holes should reach Earth on May 27-28. DOM
Credit: SDO/AIA boy
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=RKEE BiE ERIHEE
oA —E " BB EE—
tEheE ) R GFHE
(co-rotating interaction region,
CIR) - E{ECIRE&E -
/75& /EZF/EJZ

(co-rotating shocks) °

iS5k 2022-05-27 W R ZE &
CIR & co-rotating shock ZE 2
ki E AR - AR PAEE PR
HEE R MRS

EE O BMRMET B by
REERNEE AR

SOUTHERN LIGHTS: A co-rotating interaction region (CIR) hit Earth's
magnetic field on May 27th. The impact sparked 12 hours of geomagnetic

storming (G1-class) and a rare display of Southern Lights. Minoru Yoneto

sends this deep-sky exposure from Queenstown, New Zealand:
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Origin of the high-speed solar wind
SEXEZR REHE ?

-+ Origin of the quasi-steady high-speed low-density solar wind
- @R, BRENREAER 2REMIRE ?
Ans.: Coronal Hole B

- Origin of the transient high-speed high-density solar wind
- @R, SRENGREXER 2REMIRE ?
Ans.: BIH/6E 8085 S L5 BB S

Eruption of Solar Prominence (or Filament) leads to Coronal
Mass Ejection (CME)
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Solar-flare associated shocks

1. Eruption of Prominences/ Filaments

TS

2. Solar flare / CME (Coronal mass ejection)

XERKE + B E st

3. Interplanetary shock followed by magnetic
cloud in the solar wind

TEEZMMEY, SOREHE

N
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Red:
Prominences

Blue: Corona
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Prominences (UV observation)
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Prominence eruption
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JUMPING PLASMA FOUNTAINS: Today, a massive jet of plasma shot out of
the sun's southwestern limb. NASA's Solar Dynamics Observatory recorded

the eruption:  2022-05-19

The base of the jet is twice as wide as Earth, and its apex is 10 times as tall.
The towering plume almost certainly propelled a CME away from the sun
(confirmation awaits fresh data from SOHO coronagraphs). It won't hit Earth.
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19 11:538:24 UT

32



Filaments

The Observatoire de Paris

H-alpha image
05 July 1999
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Filaments &
Prominences

The Big Bear Solar Observatory (BBSO)

H-alpha full disk image
30 January 1999

http://www.bbso.njit.edu/brochure.html



http://www.bbso.njit.edu/brochure.html

Prominence eruption
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EUV Images from the Transition Region And
Coronal Explorer (TRACE) spacecraft
Coronal Loops HZFHI#P94518(Fully ionized gas)

https://www.nasa.gov/mission pages/stereo/multimedia/TRACE images.html



https://www.nasa.gov/mission_pages/stereo/multimedia/TRACE_images.html
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Filaments

39



White light Image taken prior to solar flare

17:37:19UT
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White light Image taken during the solar flare
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20007114 /26 OB,06
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CME




Magnetic cloud

Figure 1. Idealized view of a magnetic cloud with a relaxed force-
free field, given by Lundquist [1950].
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40~50hrs after CME:

Substrom Auroral
(UV Images)

1AU=8 min * 300000 km/s

If

Vshock = 800~1000 km/s

then

Traveling time=1AU/Vshock
=50~40hrs




Shock Waves in the Heliosphere

B#%E PeURE)
v - Co-rotating shocks (§8XEEHER TEREER)

A pair of shocks which are generated when high-
speed solar wind overtaking slow solar wind

v - Solar-flare/CME associated shocks
(63 XEZRAtE/BEME ST BRE8Y 1T2EREER)
Eruption of solar prominence/filament

-> Coronal Mass Ejection (CME) & Solar Flare
- Interplanetary shock followed by Magnetic Cloud

-» * Planetary bow shocks (T2 fEER)
- Termination shock (KEBE #RIEER)

Termination of supersonic solar wind
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Bow Shock ~EB
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Planetary bow shocks ( {TEfEREIK )

*Supermagnetosonic solar wind encounter planetary
magnetosphere EHEE X XSGR BRTTEWE
*Almost stationary --> easy to study

1B Bow shock B2t [E 8 2 FEIEE Rt - =M XEE R ZEE R/ im0
Quasi-perpendicular shock ( ZEZEEBHHEK )
*Quasi-parallel shock ( ZEFITHERK )
*Supercritical shock (high Mach number M>3)

FEMEIM = MRIB R
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.. Upstream backstreaming electrons
.+ . Upstream backstreaming superthermal ions

Observations of
Earth Bow Shock

Quasi-Perpendicular Shock 9y > 45°

AUG 27.197 .
ok .1978 PV VIR
L Mms=2\ .
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Quasi-Parallel Shock 0y < 45°

~..Upstream backstreaming electrons
..’_.Upstream backstreaming supertherm@l\ions

0
Mp =63, B;=0.37, Ogy=11

ISEE-2 01 SEP. 1979
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5
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Sheath #mE
Shock 2%
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Shock Waves in the Heliosphere

B#%E PeURE)
v - Co-rotating shocks (§8XEEHER TEREER)

A pair of shocks which are generated when high-
speed solar wind overtaking slow solar wind

v - Solar-flare/CME associated shocks
(63 XEZRAtE/BEME ST BRE8Y 1T2EREER)
Eruption of solar prominence/filament

-> Coronal Mass Ejection (CME) & Solar Flare
- Interplanetary shock followed by Magnetic Cloud

v - Planetary bow shocks (T2 f8E&&)
» - Termination shock (KEBR &RIEER)

Termination of supersonic solar wind
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— — =

Heliomagnetosphere (Heliosphere) B =E2@mmnaE

Toward the
center of
milky way

—

FAMARZEZR PO

Interstellar medium 2 (R ZC 5] 4 B8

The supersonic solar wind becomes subsonic s inersietarwing 2R [E

turbulent flow after passing through the > Supersonic solarwind 13 = 358 A5 @]
termination shock (dashed curve) 0 Tubulentfiow 25377



Bow wave? or Bow shock? We don’t know yet.

Fig. 1. Voyagers 1and
2 have flown on differ-
ent trajectories past
the outer planets of
the solar system since
1977, and Voyager 1
is reported to have
crossed the termina-
tion shock of the solar
wind at 94 AU from
the Sun in December
2004. The solar wind is
a supersonic flow, and
a shock—the termina-
tion shock—is required
for the wind to decel-
erate and merge with
the local interstellar
medium that bounds
the solar system. The
solar wind and in-
terstellar gas do not
merge easily, so further
out beyond the ter-
mination shock, there
is a true boundary be-
tween the solar wind
and the interstellar
medium: the helio-
pause. Further out still,
if the solar system is

itself moving supersonically relative to the interstella

Interstellar
* Winds .

edium, there may be a large bow shock.

BiE ik m=2E : k&
XEBRLERKR, TSSEaBWETR

Termination Shock

Temination shock has been observed by Voyager 1 and Voyager 2.

A5G E#& IR
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Termination Shock (TS) XZEI 421 E)

KzREFZEBWEIR - EENRREE O, FRLlIICBE RN E M
Zk%%};n (wind --> breathing) - EEEE%“JZ (&R &5 - = (E
N e M TE S KB E AR LEEK Termination shock
-Termlnatlon shock FHYR 2K B H % [ 18 (heliopause) &1 H 14 25 [&
*VVoyager 1 crossed TS at 94.0 AU on December 16, 2004.
*\Voyager 2 crossed TS at 83.7 AU on August 30, 2007.

*\VVoyager 1 crossed the heliopause at 121.6 AU in 2012.

*\V/oyager 2 crossed the heliopause at ~119 AU in late 2018.
*Termination shock, a source of cosmic ray?

*Sunspot numbers v.s. cosmic ray
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Examples of Shock Waves

AR B &5l

» SBERKT BT By, T AMER shock wave
» Shock Wave : Mach number >1
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RBEREE BT RRE SEAGE
R BB RERTEREVIER

Supersonic flight

https://youtu.be/TtFW_7Z8grnl

https://youtu.be/OIBH811KDew Boom! Breaking the sound barrier

https://www .aerospaceutah.org/boom-breaking-the-sound-barrier/
https://youtu.be/i_rFA0358bU

https://youtu.be/OlwHMLG9moU

https://youtu.be/QOzdY 3m-1a8 High speed flight / Part 2: Transonic flight
https://youtu.be/jtficOfOeJm4 High speed flight / Part 1: Approaching the speed of sound
https://youtu.be/smPeaXbJyn4 High speed flight / Part 3: Beyond the speed of sound

61


https://youtu.be/TrFW_Z8grnI
https://youtu.be/OlBH81iKDew
https://www.aerospaceutah.org/boom-breaking-the-sound-barrier/
https://youtu.be/i_rFAo358bU
https://youtu.be/0lwHMLG9moU
https://youtu.be/QOzdY3m-la8
https://youtu.be/jfic0f0eJm4
https://youtu.be/smPeaXbJyn4

The thickness of the shock layer is a few “mean free path” of the gas.
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Hydrogen Bomb
November 1, 1952

aporized the remote island in the Pacific Ocean
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A UNIQUE PHOTOGRAPHIC HISTORY OF BEFORE, DURING AND AFTER THE VOLCANIC
ERUPTION. INCLUDING RECENT PHOTOGRAPHS OF NATURE'S RE-GROWTH,
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The Windy Ridge forest was flattened by the exploding volcano, Mt. St. Helens National Monument,

Washington.
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- BERXEEAE
- AR R E
- TERZRPHSENRKNAE

- BRRPHSEHMEK
- BT RRE

- BARRETFEHR (SREVFIESRET)

2 S M BUEUERE - star formation
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