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When a gas becomes exiremely high in density, the atoms are not as
free to move and they become degenerate.
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Ancient Documents Reveal
Sunspots, Auroras and Other
Solar Activity before Galileo

Some references to the phenomena date as early as the seventh century
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Aurora viewed from ISS (NASA)
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Table 2. Weather in East Asia from 1859/08/28 to 1859/09/02.*

Date 8/28 8/29 8/30 8/31 9/1 9/2 9/3 9/4 Reference
Hirosaki clear clear clear cloudy cloudy sunny sunny  sunny JWo03
rainy
Tama clear clear clear good good cloudy | rainy good JW04
- cloudy
ny rainy sunny sunny JWos
sunny rainy
good good hot JWo06
loud d 07
Hirosaki . good | cloudy  goo 4
clear sunny  sunny JWo08
Luénchéng Hiraka * good good good JW09
cloudy | cloudy  sunny JW10
sunny sunny sunny JW11
e hot X% hot JW12
; In p ! * Shingu ‘ .
: cloudy rainy rainy JW13
sunny sunny  windy
}A‘ cloudy | sunny  sunny JW14
i la\'lllujl Oulul, aullll] EWU 6\}\’“ Qulul, good rainy good JWIS
rainy
Kanazawa sunny sunny sunny sunny clear rainy sunny sunny JW1e
cloudy
Seoul XX rainy XX rainy rainy XX rainy XX ISN (pp.834-847)
Seoul sunny rainy sunny rainy rainy sunny rainy sunny  SCWIG (pp.397-408)
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BBREICEERERNEZ L /- —0 Z 8% (Kataoka, Isobe et al. 2017,
Space Weather)
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Indeed there were four aurora records on Sep 3. Real?
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Sep 3 (IHEtB-+FH) aurora?
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The texts are almost identical. Three of them must be transpripted
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Sep 3 (IHEtB-+FH) aurora?

HArERRE (FllAE)

Kk HED

ASEAAE B

Sy H

Philological analysis indicates that &<5&BHZE % was edited by
referring sk % H 3C, but relationship between sk HE2 and¥¥1LHES is
not clear.R8& H 32 is much newer.

The first edition of sx#% H i€ was earlier than 1770 Sep. The aurora
record must be addred later.

There’s no records of the main aurora on Sep 16-17, though weather
was OK. Itis likely that the date of this records was mis-transcripted
from other source.

From historian’s viewpoint, the fact that the 1770 Sep aurora was
documented every time the regional G&®) history was edited
indicates that the contemporary people regarded the aurora as an
outstanding phenomena worth being documented.

BEER+2020



How about Sep 25 aurora?

J091768 1770 Sep 17 R
1091769 1770 Sep 17 R
J091770 1770 Sep 17 R
1091801 1770 Sep 18 R-W
J091802 1770 Sep 18 five-color
J091803 1770 Sep 18 R
J092201 1770 Sep 22 R
J092501 1770 Sep 25 R
J100201 1770 Oct 2 R
J101601 1770 Oct 16 R-W-P

Assuming there was actually an aurora
display on Sep 25, its driver eruption

must have occurred around Sep 23~24.

The active region was near the disk
center on 18 Sep, hence will be though
very close to the west limb but remain
on the disk on Sep 24.

Hayakawa+2017



Aurora record on Sep 25 ([HE/\B+tH)
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BEER+2020



Original diary of Norimitsu:
ERSEZ RN EAABRS. BES

o 52 B
NATtHER, 2%, ZAAEFRX. EH. 256
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BEER+2020
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COMPARATIVE STUDY OF FLARES AND SUBSTORMS

T. Terasawa!, K. Shibata?, and M. Scholer?

!Dept. of Earth and Planetary Physics, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
2 National Astronomical Observatory, Mitaka, Tokyo 181, Japan
3 Maz-Planck-Insitut fiir extraterrestrische Physik, 85740 Garching, Germany

a) -

Fig. 1. Expected structures of reconnection regions of (a) (left) solar flares (Shibata et al., 1995),
and (b) (right) magnetospheric substorms (Shiokaws. et al., 1998).



Magnetic reconnection in solar physics

slow

“In solar physics, reconnection is used as a
synonym for energy release”

(H. Hudson 2006, at Harry Petschek Symposium on Magnetic
Reconnection)



Magnetic reconnection in astrophysics

Uzdensky (2006, astro-ph/0607656)
... the most important reconnection mechanism in Astrophysics invokes
waves, a certain type of waves, in fact. Called handwaves (See Fig 1).

AVAVANVR = SEAVAVAN

Fig. 1.— Main Reconnection Mechanism in Astrophysics.

The mechanism works like this: Well, we know that fast reconnection
happens in the Solar corona, and in the Earth magnetosphere. So it should
also happen in OUR astrophysical system.



What is the problem?

Magnetic energy must be released very rapidly (~ dynamical
time scale ~ L/V,) while collisional resistivity is very small.

Simple diffusion: T~ L?/n ~ 1M year

Sweet-Parker reconnection: T~ L/V<p = (L/V,4)(LVA/N)°> ~ 1 year

Sweet 1958, Parker 1957



Fast MHD reconnection

If resistivity is (somehow) localized,
Petschek-type configuration (with

slow shock) develops and

reconnection is fast (V;, ~ 0.1V,)

If resistivity is uniform,
reconnection is S-P type and
therefore slow.

Secondary tearing, plasmoid
ejection and intermittent fast
reconnection if (LV,/n > 10%)

4 L vin fast
slow b

shock Y Sye

fast & intermitten

D oo

Shibata & Tanuma 01




Non-MHD regime

» Hall-effect (or other kinetic instabilities) becomes important
when current sheet width is smaller than ion inertia length
C/wpi

* Hall reconnection produce Petschek-like configuration and
fast reconnection

curz: —-2.06864 2.64660

100

W < c/wy,; 80
o 60
Petschek-type Hall recon= %7
0
—-200 -100 0 100 200
x (d) w = 103.7 d,
curz: —0.596628 1.067 10
. 100 1.0
w > C/wpl _. 80
> 60
S-P type slow recon. < 4o 0.2
20
0 -0.6

—200 -100 0

x (d) W = Cassak, Shay, Drake 05
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“Scale-gap” problem

oy A * c/w,; in corona ~ 102 cm
* « Spatial size of flare ~ 10°
cm
2 Reconnection Jet
&= "'\t\Fast Shock
%Y How to fill

‘ the 7-orders gap?




Table 1. Comparison of Typical Physical Parameters between
Solar Corona (Active region) and Earth’s Magnetotail (Plasma Sheet)

Physical Quantitics

Solar Corona Magnetotail

temperature (K)
particle number density (cm™2)
magnetic field strength (G)

Alfven speed (cm/s)
sound speed (cm/s)

plasma beta (8 = Pgas/Pmag)
ion gyro radius (cm)
electron gyro frequency (Hz)

plasma frequency (Hz)
magnetic Reynolds number

characteristic size (cm)

released energy (erg)

2 x 106
1%

100

~ 3 x 108
~ 0.2 x 108

~ 0.01
10

4 x 10°
5 x 10°
102

several x10°

10%% — 1032

107~ 108 K
0.01—0.1

10-% - 1074
(1-2) x 108
(0.5—1) x 108

107! — 10 (plasma sheet)
1074 —~ 10~ (lobe)
several x107

10? — 103

10°

> 1012

several x10°

10%% - 10%

Terasawa, Shibata, Scholer 2000



Plasmas in the universe

8 '_Intergalactic —
Stellar interior

- Magn

lo
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Photons s ecm™ keV™

Non-thermal electrons in solar flares

HXR from brems of high-energy electrons
and ions

HESSI SPECTRUM

108
104F -
102} 2
109} .
1072 y W owom ey me N RS
1 10 100
Energy (keV)

Interval 0
01:38:04.63 - 01:38:17.09

M1 RATL T DIEXFRANRIR L
(Saint-Hilaire & Benz 2005)

Masuda et al. 1994

We evaluate the efficiency
of acceleration by the ratio
of E>10ksT non-thermal
electrons to thermal
energy



Energetic electrons in magnetotail

e Oieroset et al. (2002, WIND)
- Thermal keT = 0.4 keV.

- Power law index = 4.8
- Ratio of non-thermal = 13%
- Ratio of E>10kT = 0.5%

e Hoshino et al. (2001, GEOTAIL)
- Thermal ksT = 3.2 keV.
- Power law index = 5.1

- Ratio of non-thermal = 10%
- Ratio of E>10k = 1.4%

oo
—

f (electrons) (s3m‘3)

<
\O
T

T TR T T T T T

T

1 1 '
Thu Jun 6 11:38:35 2002

102! . 07:26 k=5.7
10-23_ D0745 k=54 0

.\ \\E\
025 , 07:52 k=4.9 LN
e A 07:59 k=4.8 ~,|

\
1029, o
101 102 103 104 10°

Energy (eV)

electron distributions earthward of X-line



Electron acceleration associated with
reconnection-related events

Solar flare: non-thermal electrons (a few 10keV~MeV)

Solar giant arcade (no energetic electrons?)

Magnetotail: non-thermal electrons (10keV~MeV)

Solar wind: no energetic electrons found (Phan, Gosling)



Giant arcade in quiet sun

* Physics is same as flares
e size~10''cm
 T~3MK

e density~3x108/cc

e totale energy~103lerg
e duration~3x10%s

* no HXR found

14—APR—94 01:16:56




HXR from quiet sun

AG4=APR—94 - 01:16:56

1TE-9

. I: X. : 3 .
) 1 I 2ie ;
_ﬁ SXR g m

02:00 04:00 0&:00 0&:00
Start Time (14—Apr—34 00:00:02)

e No significant signal => upper limit of the ratio of energy carried by

electrons with E>10ksT 0.3%

e Electron acceleration ratio of quiet sun arcade is the same as or less than

that in magnetotail



What determines the acceleration?

* Magnetic field ?
— Flare = 10°T
— Quiet sun arcade = 1073T

— Magnetosphere = 108 T | Observed acceleration efficiency
— Solarwind =108 T flare>magnetotail>QS>wind

Magnetic field, electric field, potential
drops cannot explain observation

e \/xB electric field ?

— Flare = 100 V/m
— Quiet sun arcade = 10V/m

— magnetotail = 0.01V/m
— solar wind = 0.0003V/m



(Yellow : magnatotail>QS. Blue:arcade >magnetotail)
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e Va/c=(w/wp) = F/oOrOVIREIS. TSXTIRENEK
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Physical analogies between solar
chromosphere and earth’s ionosphere

Hiroaki Isobe (Kyoto University)

e~

v 4 Acknowledgements: Y. Miyoshi, Y. Ogawa and participants of “Solar chromosphere and

i ., Earth’s ionosphere" meet'ing.
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thus heliosphere

* Origin of UV radiation that affects upper atmosphere
of Earth

* Unique laboratory of weakly ionized plasma also

relevant to molecular cloud, protoplanetary discs and
lonosphere



Similarity of chromosphere and ionosphere

Earth
Sun

corona / magnetosphere

\ chromosphere / ionosphere
AN — =

| W0l photosphere / storato- mesosphere
WWWW%@TTW [wawe

SN N L

convection z. / toroposphere

* Interface layer between tenuous, magnetically dominant
region above and convecting layer below

* Coupling with other regions by magnetic field and waves

e Gravitationally stratified

* Weakly ionized. Neutral/plasma interaction important



Height (km)

Temperature profile

Sun Earth
10000— VT T T T v'v'vv- 1000.. ——Tr—r—T— T T
sooo} L 800 | _‘
i Corona ]
6000 - 4 g 600 ]
] § :
4000 - 4 @ 400 .
3 e 4
2000 - Chromosphere ] 200 | 4
[ Photosphere h
O A Akl aaal A PR . | A hddodaanl A PR T T ) O o . | o | R 1 A y 1 5
10° 10* 10° 10° 10’ 0 500 1000 1500 2000 2500

Temperature (K) Temperature (K)

 T.~ T ~T, insolar atmosphere because of collisional
relaxation.



Height (km)

Density profile

Sun
10000 [ ' ' ' ' J ' ' : ] 1000[
: Neutral _
8000_~ — Ion g 800
L. 8§ 0 assas Electron
6000 - 4 £ 600
I z
I =)
4000 | 4 I 400Ff
2000 - 7 200 IR
i /!
O [ A 1 .. = :—.-":I—-—— 1 1 O i : 1 a 1 i 1 A 1 A
16™ 101® 10" 10%° 10% 10% 108 10" 10" 104 10" 10™®
Number density (m-3) Number density (m-3)

Strong stratification: density drops many orders of magnitude.
Weakly ionized (ionization fraction << 1).

In ionosphere, Dominant ion species change as a function of height.
In the sun, H~90% , He~10% (number density) and little others.



Height (km)

Collisionality

Sun
10000+
| messnes Scale height | 1
SOE e mean free path !
6000 |
4000 -
2000 |- ," .
0- | 4'\

10 3o* 90*= 90 40 0¥ 107 o’

Mean Free Path (m)

1000

800 |

Height (km)

10°

600 |-
400

200

or

10° 10° 10’ 10°

Mean Free Path (m)

 Chromosphere is collisional. Neutrals and plasma is strongly coupled
and behave as a single fluid, except in small (<~10km) scale.
* Lower ionosphere is strongly coupled, while upper ionosphere is

nearly collisionless.



Height (km)

Collisional and cyclotron frequencies

Sun Earth

10000 [ : ! : ' ' . ¢ ] 500 ' ' ' ' i :
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i ' ] - e ]

Qi : € |

6000 - ' 1= 300 : E
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* Collisional freq v, ., > cyclotron freq Q; . means ion/electron is
demagnetized by collision with neutrals.

e IfQ.<v, and Q.>v,,,ion and electron behave differently,
producing electric current.

* Such “dynamo effects” known in ionosphere, but not identified in
chromosphere.



Common physical processes
carth

qmm%"-%ﬁ“qn\ mmw‘ fw l‘
7N N

* Precipitation of high energy particles during
flare/substorms



Common physical processes

sun Earth
s A 7\ [\ 7\ %

41 AR R R ALY

L N/ N L N/ \

* Magnetohydrodynamic waves
- In ionosphere they come from magnetosphere (energy
source is solar wind)

- In chromosphere they come both above and below
(energy source is photospheric convection)



Common physical processes
Earth

»
{ AT
UL

* Waves from below
- Stratification causes amplitude growth (shock formation)
Gravity wave important in Earth
Sound wave (slow-mode shock) important in Sun
...why different?

Sun




Similar? solar wind and polar wind

Sun Earth

Ulysses

auroral zone

Phil Berardelli, Science NOW, 2008 Y. Ogawa, STEL Newsletter, 2005



Similar? Emerging flux and plasma bubbles

“Bubble” in prominence (Berger et al. 2008)

VP, g VP) g -
K \ Plasma bubble in Earth atmosphere
_ R (courtesy H. Fujiwara)
E
EXB
p equator \ Magnetic Rayleigh-Taylor
20°N 20°S ' ili
fountain effect mStabIIIty




Sun-Earth language barrier larger
than that of Norway-Japan?

* Terrestrial people define plasma beta by
(plasma pressure) / (magnetic pressure)

* Solar people define plasma beta by

(plasma + neutral pressure) / (magnetic pressure)

...because plasma and neutrals behave almost as single fluid

* We need persevering conversation!



Conclusion

 Chromosphere and ionosphere are similar, but
there are differences. We can learn from each
other.

* Norway and Japan have strong groups in both
fields.

* |International and interdisciplinary collaboration
promising, but we need continuous conversation.
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Elon Musk Wants To Put A Million
_ People On Mars. Here's Why

'a e
| The Huffington Post | By Jacqueline Howard

L N <]
EDT | Updated: 09/30/2014 2:59 pm EDT

Elon Musk speaks during a news conference at the Nevada State Capitol building in Carson City, Nevada,
U.S., on Thursday, Sept. 4, 2014. | Bloomberg via Getty Images
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No one has been to Mars yet, and Elon Musk wants to change that in a big way. The
SpaceX CEO says we need to put a million people on the Red Planet to make sure
human civilization survives.

"I think there is a strong humanitarian argument for making life multi-planetary... in
order to safeguard the existence of humanity in the event that something catastrophic
were to happen," Musk said in a recent interview with the digital magazine Aeon.
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