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1. The Photo-lonization Process
«  Start with Neutral Atmosphere
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e lonization Potentials of Atoms and Molecules

Species  Energy (ev) Mionization
O 13.62 910 A
0, 12.06 1028 A
N, 15.58 796 A
« Photon energy, E = hv=hc/A /
12345

or K(A) ~ E(ev)
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Thus, Photon (910 A) + O —»> O* +e-

coouing Foio” () & [O()] 5[ O" (h) |+| & (h |
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How should P(h) look?
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Algebraically P _(h)=F,"(h)- o, -[O(h)]

A > A7 — No lonization
What happens if photon\

A < Ai,,? — Extra Energy

ion-

.7
ion*

l.e., Photon (A < A;,,) + O — O* + e " (energetic photo-electron)

If e Kinetic Energy > lonization Potential
collisions can cause additional 1onizations

e + O— O0"+e~ (“secondary ionization”™)

Thus, a very energetic photon can lead to several ion-electron pairs.
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For a complete model of Photo-lonization, the flux of solar photons
at all relevant As Is needed:

j’iOﬂ

Prow (N) = 2 F" () 03, (4) - [N(D)]

A=0

Table 2.1. Solar spectral regions.

Radio A > 1mm
Far Infrared 10 um < A < 1 mm
Infrared 0.75 um < A < 10 um
Visible 03um < A <0.75 um
Ultraviolet (UV) 1200 A < A <3000 A
Extreme ultraviolet (EUV) 100A < 1 < 1200A
Soft x-rays 1A <x<100A
Hard x-rays A<1A

Note: A = 10~ m, (1A =0.1nm)
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Na*

Wavelength (nm)

Molecular Nitrogen
iPhotons + N, - N,* + ¢

iSample results:

No+hv> Not+e~
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Production of lonospheric Plasma by Energetic Particles

Precipitating Electrons Precipitating Protons
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2. lonospheric Transformations

* What does “production only” imply?
e.g., use P(O*) value from graphs (photons or particles)

P..« =4000¢ /cm’/sec x 3 hours (~10* sec)

gives N .. # 4x107¢ / cm’® Never Measured!!!

Message: Something happens to these ions and electrons

Answer: Chemistry

/Plasma recombination
\

Neutral-Plasma Processes
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CASE # 1: Atomic ions + electrons

O*+e-—=—> O [veryrare due to precise energetics
needed for electron capture]

CASE # 2: Molecular ions + electrons

O,"+e—2% > 0O+ O [fast due to excess energetics
used for dissociation]

CASE #3: Transform Atomig 10NS to Molecular ions

. [Ny k& |NO N
O + —> X + (slow)
2 _02 | O
—_—
followed by
CASE #2 (quick)

The 2-stage recombination process governed by slower step, €.g.,

dN
e = —k[N,]N, =—gN
dt [Z]e ﬂe
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Messages from Simple Photochemical Theory

ePlasmas should be 1onized form of dominant neutral

A 4

\ o

e The actual

— some chemical transformations

1 4
[Neu‘lzra ,5-]
case.

to form NO*and H*

— CASE#1:0"+ ¢

> CASE#2:0," + ¢
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Terrestrial Atmosphere ITM Processes

Energetic Solar Energetic Particle Chain
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Some E-layer Characteristics

* In regions of a dense neutral atmosphere (h < 150 km) all ions are
molecular (rapid chemistry) and the ions + electrons stay where
produced (too many collisions to move away).

« Example of diurnal behavior

]\/MEA (e /cm?) Mil-Lat No.E & Noon at Ec?uihox
(clew?) |
Jo*
:lo'f_..
: —p Latitude
s 0 ' N

The E-layer is controlled by the Sun’s flux and its
position ( dec + % )
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3. Photochemistry-Plus-Dynamics
« Some F-layer Characteristics

Y ’ - A Nlm Fe Equivex
c/(:ln3 NM F Mil-Lat i/;f__ Neein
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The F-layer is produced by sunlight BUT its behavior
does not follow y 5 = “Anomalies”
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What are the causes of vertical motions?

* GRAVITY

dP_ d(NKT)
ah =~ P9 ah

Solution: Hydrostatic Law

- For neutral gas,

- Nmg

N(h) = No(ho)exp['(h'ho)/Hn)

KT

neutral scale height H, =
mg
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- For plasma — Ions + electrons Height
m; » m,

b

Gravity tends towards “charge separation’

— Polarization E -field (€p)

dP dP.
d_h = -9 T I\Iie‘gp dh = P9 - Neegp

Adding, with N; = N.= N and m < 0

d(P. +P,)
dh

~ -Nm,g
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» Solution N(h) = Ny(h,)exp[-(h-h,)/H, )
K(T, +T.)
mg

Plasma scale height H/ =

H,> 2H,

electrons “pull” 10ns upward

Called “Ambipolar diffusion”

ions “pull” electrons downward
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- Midlatitudes (extended)

L-Value = J“S'Il?"‘ﬁ/Re |
In MzghefosteHc ec,uaforil[ rhhe

Magnetic Latitude (A), cos?’A=1/L (e.g., L=4 = A=60°)
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What happens to ionospheric plasma diffusing upwards?

Flux tu LC “Charge Exchange”
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The Plasmasphere in 3-dimensions:

Eart
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What else causes Vertical Motions? Roles of Magnetic Field

Neutral Winds (U,,) are horizontal
Plasma constrained to move || B

S - >
um Unm
Vz=V, sinT
=UmcosI sinI
B I

/S /77777777 7777777777777 777/7777777]

Middle Latitudes — maximum effect
Equatorial Latitudes (I = 0°) — small effect} Unless U, generates
High Latitudes (1 = 90°) — small effect polarization E-field
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Electrodynamics: Motions caused by induced or penetrating E -fields
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Effects of Electro-Dynamics at Low Latitudes

Equatorial Plasma Fountain & The Equatorial Ionization Anomaly (EIA)
Low-Latitude lonosphere is dominated by the electrodynamics

F REGION IONIZATION
TRANSPORT PROCESSES

EXB F REGION

®RE

E REGION

MAGNETIC EQUATOR

_ Courtesy of David Anderson

Jan 21 20:00(UTC)
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Effects of Electro-Dynamics at High Latitudes

B, southward

“ noon
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The Polar and High Latitude lonosphere

Minimal production of plasma by solar photons

Strong production of plasma by precipitation of
energetic particles from Magnetosphere (nightside) and
solar wind (dayside)

Strong E -fields:

Solar wind = Magnetosphere = lonosphere
Electrodynamics: Horizontal convection/circulation
patterns
Upward diffusion & escape: Polar Wind
Many ionospheric irregularities due to Plasma
Instabilities
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Summary #1: External Drivers

Magneto pa'(J se

Variable - Particle Transport
Solar Wind & Energtzatlon
Forcing |« ) ‘
|
lel Reconnection
Coupled Inner

Magnetosphere
& lonosphere -

Dayside
Reconnectio
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Summary #2: A Highly Coupled/Complex System

Interplanetary e
Magnesc Field . Tail Current

A

: \ _¢<T_- *C__, . Curront

ot Ring Current Field-Aligned |

Cuent “— Low Latitude
Boundary Layer

~

Magnétopause Current

Solar Wind

mes Field-aligned N, Current closure (height-integrated
currents N Ohm’s law) is key to M-I-T coupling

Pedersen / /
currents . - _
4j N 5= j Gdh
\ ; ‘ Pedersen
E-region \__3 > =3 currents Conductivity regulates interaction
turbulence T : /ﬁ:f’ between the field-aligned current J”,
z = ~ electric potential ® and Hall and

Pedersen currents.

4

Conductivity & (1, 1, n.) and its

functional dependences are critical.
Auroral

oGt \eed global distributions of neutral
T (1), electron (1), ion (17,) densities.
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