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HINODE/XRT
(0.6nm～20nm)		 EUV:	Extreme	UltraViolet		
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F-layer

E-layer

Ionosphere														 Thermosphere
*Ionization	rate	is	<10-4 in	F-region.

*Coupling	between	Atmosphere	and	Plasma	is	important	for
the	dynamics	and	photochemistry	in	the	ionosphere/thermosphere.		



Lorentz	force

Momentum	equation

when

Cycrotron	frequency Larmor	radius

( )

( )

( )

( )

0

v,

0
2

0

//

2

2

2

2

=

w
==w

÷
ø
ö

ç
è
æ-=

=÷÷
ø

ö
çç
è

æ

´=

´=

=

´+=

´+=

^
^

dt
d

r
m
qB

m
qB

dt
d

m
dt
d

q
dt
dm

q
dt
dm

q
dt
dm

q

L

v

vv

v

Bvvvv

Bvv
E

BvEv
BvEF



Drift	Motion	of	Charged	Particle

cv dv
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Velocity	of	Cyclotron	Motion Drift	Motion	perpendicular	to	the	Local	Magnetic	Field	Line
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Drift	Directions	are	different	for	Ions	and	Electrons
→ Generation	of	Currents → Generation	of	Magnetic	Field
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Momentum	Equations

If
:	Quasi	Neutrality

Ambipolar Electric	Field
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Ions	and	Electrons	as	Fluid	are	moving	together.
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Charge	Neutrality

Momentum	Equations	of	Ions	and	Electrons
along	Local	Magnetic	Field	Lines	for	Frequent	Collisions

Continuity	Equation
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then，

in	detail

Momentum	Equations	of	Ions	and	Electrons
perpendicular	to	Local	Magnetic	Field	Lines	for	Frequent	Collisions
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Equatorial	E-region B
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E
E

Equatorial	Electrojet

0	LT 6 LT

12	LT 18	LT

Sq (Solar	quiet)	currents L	current	(Lunar	current)
DP-1	current	(auroral electrojets)
DP-2	current	(two	cell	current within	polar	cup)



Fejer et	al.



Fejer et	al.



F-Region	Dynamo

Equatorial	F-region un
BuE ´-= n

2B
BEV ´

= B

+	+	+	+	+	+	+	+	+

- - - - - - - - - - - -

E-region



Equatorial	Anomaly
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The Earth’s Nighttime Equatorial 
Anomaly Crests as Seen in 1356 Å 
Light - Photographed from the Moon



～300km altitude
(a) 100m/s maximum
(b) 336m/s maximum

60kV cross-tail
potential



Quiet

Average

Storm

Geomagnetic	Activity

WD	
WD 



EISCAT

A.	Mikhailov,	K.	Schlegel
Ann.	Geophysicae,	1998

Electron	density	
decrease	during	the	
decrease	of	O/N2

Negative	Ionospheric	Storm
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P.	J.	Chi	et	al,	2005

Positive	Ionospheric	Storm



～400m/s

Large	Scale	Travelling	Ionospheric	Disturbances	(LSTIDs)



Global	Response	to	Geomagnetic	Disturbances	

ρ

Ne

10-12	kg	m-3

10-6 cm-3

Oct.	28							 Oct.	29					 Oct.	30				2003	

Positive	Storm
Negative	Storm

at	400km	

Liu	et	al.



F-layer

E-layer

Ionosphere                              Thermosphere

Although	the	ionization	rate	is	<10-4 in	the	low	latitude	thermosphere,	the	
dynamics	of	the	neutral	atmosphere	is	strongly	controlled	by	the	plasma.			
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10-12 kg m-3

at 400km

Neutral Density Anomaly

Liu et al., 2007

Equinox



at 400km
11-16 LT
Equinox 

Neutral Mass Density Electron Density

Liu et al., 2007



(m/s) (m/s)

(m/s)
(m/s)

Fast Thermospheric Wind Jet at the Earth’s Dip Equator
(Zonal Neutral Wind)

2002

1981-1983

Liu et al., 2009Accelerometer on CHAMP, Wind and Temperature Spectrometer on DE2



Summer Equinox Winter Average
F10.7<140 11 22 34 22
F10.7>140 40 72 76 63

fastest in winter at high solar flux level 

Atmospheric Super-rotation at 400 km altitude 

(m/s) 

Liu et al., 2006



DE2 Zonal Neutral Wind
(m/s) (m/s)

Zonal Plasma Drift

Watanabe and Kondo, 2011

18-24 MLT~450km altitude



Lithium/TMA Release Experiments
in the Upper Atmosphere

2007/9/2    19:20LT WINDs-1 (KSC) Lithium

2012/1/12    6:00LT WINDs-2 (KSC) Lithium

2013/5/7    19:39LT EVEX (Kwajalein) Lithium
19:40:30LT TMA 

2013/7/4    14:30LT Daytime Dynamo (Wallops) Lithium

2013/7/20  23:00LT E-F Coupling (KSC) TMA
00:00 Lithium

2014/11/24   8:00LT C-REX (Norway)                          Ba, Sr



2012/01/12   Uchinoura



E-F Region Coupling: 2013/7/20  at Uchinoura TMA

23:02:51 23:03:50

23:08:5023:04:31



Winds in the mesosphere and the lower thermosphere
Chemical release                   HWM model WINDs

(TMA:Trimethylaluminium)                                                                 (Lithium/TMA)
Zonal wind

Meridional wind

Larsen,	2002



Jin et	al.,	2012



Tidal	waves
Gravity	waves
Planetary	waves		

Disturbance	of	E/F	region	dynamo	~100km	

Electric	field	mapping	

ExB drift	in	F	region	

Earth	
Latent	heat,	Lightning	

Global	warming	

Global	cooling	

Geomagnetic	field	line	



Medium-Scale Traveling Ionospheric Disturbance
(MSTID)

MSTID over Japan Red Airglow (630nm) over Japan
Saito et al., 2001



MSTID   August 9, 2002

Airglow (630nm)
Otsuka et al., 2005



Time series of TEC during the Tohoku Earthquake on March 11, 2011. The star and cross marks represent the epicenter and 
the ionospheric epicenter, respectively. Gray circles are about the ionospheric epicenter. Tsugawa et al. (2011).



Kakinami et al., 2012

TEC enhancement at the beginning
TEC decrease during 1~2 hour
Small, Medium and Large scale TEC variations



Kakinami et al., 2012

Ionospheric Hole

Tsunami simulation

Ionospheric density 
hole near epicenter

Latitudinal TEC 
asymmetry 



2.5 Dimensional Model of Neutral Atmosphere/Ionosphere
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600

Altitude

0
-900                                           0                                              
900

km in Latitude

Z

X

2.5 Dimensional Model for Neutral Atmosphere - Ionosphere

Magnetic field lines

Dumping Region of 
Waves

Dumping Region of 
Waves

Initial Conditions
Neutral Atmosphere: MSIS model, 2011/3/11, 12LT, Tohoku of Japan
Ionosphere: F layer, F10.7=120
Tsunami: Uz=20m/s, Ux=±200m/s at surface

Tsunami



Uz=20m/s
Ux=±200m/s
Inclination = 30degree

vTEC

TEC enhancement at the beginning
TEC decrease during 1~2 hour
Small, Medium and Large scale TEC variations



Inclination = 30degree
Ux=±200m/s
Uz=1m/s, T=600s
(  Uz= sin(2π/T)  )

Inclination = 30degree

TEC by Satellite 26

1800 s TEC Modeling



TAD
TID

Positive	Storm
Negative	Storm

EIA,	Plasma	Bubble

Plasma	Outflow

Particle	Precipitation,	Heat	Flow

Neutral	Composition	Change
Large	Scale	Wind	Circulation
Penetration	of	Electric	Field

Electromagnetic,	Particle	and	Joule	Heating

Solar	UV	Heating
Neutralized	Ring	Current	Particle	Tides,	Waves

Ionosphere/Thermosphere	Coupling		
- Neutral	Density	Anomaly
- Superrotation
- Polar	Circulation	/	Ion	Drag	/	Joule	Heating	
- Global	Response	to	Geomagnetic	Disturbances	
- O-N2	Composition
- Tides,	Gravity	Waves,	Acoustic	Waves
- Earthquake,	Tsunami,	Weather	Effects

Low	Latitude

High	Latitude



Please	enjoy	Space	Science!


