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Photochemistry in the Upper Atmosphere
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*lonization rate is <10 in F-region.

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



Lorentz force

Momentum equation

Cycrotron frequency

when

0=—, v, = Larmor radius



Drift Motion of Charged Particle
v(r,t)=v _(r,t)+v,(r)

Vc Velocity of Cyclotron Motion Vd Drift Motion perpendicular to the Local Magnetic Field Line

d
m ;;C =qE+q(VC ><B)+q(vd ><B)
ExB
Inthe v, =——— Frame, md;tc =¢(v_xB)  Cyclotron Motion
B

When the force to the Charged Particleis f
_xB
— qu
Drift Directions are different for lons and Electrons
— Generation of Currents - Generation of Magnetic Field

Vi



Momentum Equations
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Momentum Equations of lons and Electrons
along Local Magnetic Field Lines for Frequent Collisions
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Momentum Equations of lons and Electrons
perpendicular to Local Magnetic Field Lines for Frequent Collisions
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Conductivity
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Sq (Solar quiet) currents L current (Lunar current)
DP-1 current (auroral electrojets)
DP-2 current (two cell current within polar cup)
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national Geophysical Year) viewed from the magnetic equator at the 00, 06,
12, and 18 local time meridians. The numbers near the crosses indicate
vortex current intensity in 10> A. The distance between the current lines
corresponds to 2.5 x 10° A. (From Matsushita, 1967.)



VERTICAL DRIFT (m/s)

MAR-APR SEP-OCT
]

AE-E 1978,79
MAY-AUG

NOV-FEB

FTTTTTTITT AT T T Eq ]

Il&!l!{lll%llllilill[l ]

[TTTTITIT T T I T T 7T TTI7T.1]

i,

”,‘\ ‘*S'lh ' 3

wvin}; D{ A4 "i

INNEL AN RN EE NN

I
TTTEITTITTIT T ITTITRITTTT

T

00 04 08 12 16 20 24
LOCAL TIME

llIlHl!lllilllIlIlllH

Fejer et al.



N
o

N
o
|

3

‘VERTICAL DRIFT (m/s)
o
o o

-20
20
0

-20

1
N n
(@) o O O
L il
T 1T
P 3

AE-E 1978-79 Kp < 3
MAR-APR SEP-OCT MAY-AUG NOV-FEB
lllllill[If!IllIlllTi! rfifﬁ—llT.fll_lillllllITf l_i]7l_l'—lTIIllllll_rIIllII_f

-

—

|
% 3 & 1
| |

|

|

I

I
1

L

LR LU
lll@fl/‘lj_l-l

T

| I [

ﬂ/g/‘ L_L_L(‘ljje‘

fxej
= -1 F _ . -t b=
-+ 4 F
= - 4
1 J L 9=320°E A !
Lo o Lo M -4 ' 5
*W\f Lﬁ ’ . N
[llllllLll!lllilLlLll-J— r_lllll!J[LLlLllUllilL —ll!lllJLlll_llllllllllll—
00 04 08 12 16 20 24 ' 00 04 08 12 16 20 24

SOLAR LOCAL TIME

Fejer et al.



F-Region Dynamo
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Equatorial Anomaly
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The Earth’s Nighttime Equatorial
Anomaly Crests as Seen in 1356 A
Light - Photographed from the Moon
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Geomagnetic Activity
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Photochemistry in the Upper Atmosphere
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Positive lonospheric Storm
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Large Scale Travelling lonospheric Disturbances (LSTIDs)
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Global Response to Geomagnetic Disturbances
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lonosphere Thermosphere
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Fig. 1.2. International Quiet Solar Year (IQSY) daytime atmospheric composition, based on
mass spectrometer measurements above White Sands, New Mexico (32°N, 106°W). The helium
distribution is from a nighttime measurement. Distributions above 250 km are from the Elektron II
satellite results of Istomin (1966) and Explorer XVII results of Reber and Nicolet (1965). [C. Y.
Johnson, U.S. Naval Research Laboratory, Washington, D.C. Reprinted from Johnson (1969) by
permission of the MIT Press, Cambridge, Massachusetts. Copyright 1969 by MIT.]

Although the ionization rate is <10 in the low latitude thermosphere, the
dynamics of the neutral atmosphere is strongly controlled by the plasma.

>

Thermosphere
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Fast Thermospheric Wind Jet at the Earth’s Dip Equator
(Zonal Neutral Wind)
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Atmospheric Super-rotation at 400 km altitude
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DE2  _450km altitude Zonal Neutral Wind 18-24 MLT
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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




Winds in the mesosp
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GAIA simulation Satellite observations
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Medium-Scale Traveling lonospheric Disturbance
(MSTID)
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2.5 Dimensional Model of Neutral Atmosphere/lonosphere

Neutral Atmosphere
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2.5 Dimensional Model for Neutral Atmosphere - Ionosphere
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lonosphere/Thermosphere Coupling
- Neutral Density Anomaly
- Superrotation

P I asma O utﬂ oW - Polar Circulation / lon Drag / Joule Heating
- Global Response to Geomagnetic Disturbances
/ - O-N2 Composition
. e - Tides, Gravity Waves, Acoustic Waves
f/ / Particle Precipitation, Heat Flow - Earthquake, Tsunami, Weather Effects

Electromagnetic, Particle and Joule Heating

\ Neutral Composition Change
TID Large Scale Wind Circulation
Penetration of Electric Field
Positive Storm

Negative Storm

Solar UV Heating
Neutralized Ring Current Particle

EIA, Plasma Bubble

, Waves



Please enjoy Space Science!



