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| A R Space-based
o N | O\ L e, X-ray Imaging
| O .\?»- - BN (AEPEX)

(b)"\.‘ \ Precipitation flux: 1 erglcm?/s

< ','Mev‘&’.,."e" , > Space-based
it R Vi VLF (CANVAS)
120 . .
Electron impact 100 _ Radiation Belt
P Electron Precipitation
ionization 60 §
40 =
<
102 10°  10%°  10* Magnetic Fields
(COSMO)

lonization rate (pairs/cm?/s)

NTHT MURA

VLF Receiver GintiaZ Collimator  coged Aperture
\

Shielding  pinhole Aperture

Rl

Atmospheric ™ ' o
ay emissions . ' (AVID)
-

10 1500 0 0 500 1000 1500

0 500 1000
Distance from NAA (km) Distance from NAA (km)

,,m»!
R

Modeling, Simulation, CubeSats for Space Science
and Data Analysis

Cold Plate

Upper and Lower
Redlen M1770 Electronics Boards

CZT Detectors

VLF Transmitter

Instrumentation



Magnetosphere -lonosphere -Thermosphere system




lonosphere and Thermosphere : Goals

Understand basic physics of the Thermosphere
Structure, temperature, variations, etc.

Understand basi c physics of the Earthos |1 onos|
Origin, composition, layers
Variations: diurnal, seasonal, solar cycle, plus other anomalies

lonosphere 0 Thermosphere coupling



Hydrostatic Equilibrium (  Baratropic Law)

Consider a volume of gas with cross-section area A and thickness dh
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Hydrostatic Eqg. cont.
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Actual Atmosphere Profile

wn reality, T Is not constant, nor iIs m, nor Is the atmosphere truly in hydrostatic equilibrium
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Atmospheric Composition (with altitude)

w Homosphere : region below 100 km where composition is constant (N2, O2, Ar)

w H=8km

w Temperature drops exponentially with pressure

w Heterosphere : region above 100

W
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Atmosphere by Temperature

W Troposphere: weather

W Stratosphere: temperature inversion; layering

w Mesosphere: middle

w Thermosphere: hot!

W EXxosphere: uppermost layer

w Pause: interruption
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Variation with Latitude / Longitude
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Sources and Sinks

Height 4
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Thermosphere:
* Energy sources:
* Absorption of EUV (20-100 nm; photoionizing O, O,,
N,) and UV (120-200 nm), photodissociating O,),
leading to chemical reactions and particle collisions,
liberating energy
* Joule heating by auroral electrical currents
* Particle precipitation from the magnetosphere
* Dissipation of upward propagating waves (tides,
planetary waves, gravity waves)

* Energy sinks:
*Thermal conduction into the mesosphere, where
energy is radiated by CO,, O, and H,0
* IR radiation by CO, NO, O

Troposphere:
* Energy sources:
» Planetary surface absorption (IR, visible),
convection & conduction to atmosphere

« Atmospheric absorption of terrestrial
and solar IR

» Latent heat release by H,O

* Energy sinks:
* IR radiation

« Evaporation of H,0O

Mesosphere:
* Energy sources:
« Some UV absorption by O, (lower heights)
* Heat transport down from thermosphere
(minor, upper heights only)

* Chemical heating
* Energy sinks:

* IR radiation by CO, H,0, OH

Stratosphere:
- Energy sources:

« Strong absorption of UV by ozone
(causing stratopause temperature peak)

* Energy sinks:
* IR radiation by O,, CO, , H,O
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Airglow

The mesosphere and thermosphere fglowoin a number of
wavelengths Atmospheric composition

Emissions due to a variety of processes:

recombination of atoms which were photoionized by the
sun during the day

luminescence caused by cosmic rays striking the upper
atmosphere

Altitude (km)

Chemiluminescence caused mainly by oxygen and
nitrogen reacting with hydroxyl (OH) ions
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Airglow - visible with the naked eye




Solar -Cycle Variation

w Increase in solar EUV increases heating in the atmosphere, especially thermosphere,;
w Increased heat => increased ionization (next module!)

w Increase In temperature => atmosphere rises, higher thermosphere density
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Composition Variation

w Change in temperature In the
thermosphere (from 500 to 1500 K)
affects diffusive equilibrium of
components

w  Generally, all particles get pushed to
higher altitudes by higher
temperatures below
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GUVI (Global UV Imager) O/N 2 ratio
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Winds

Vector winds derived from uninverted LOS (L1 file Dﬁ{ D& EED nm
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Tides
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Atmospheric Models

w  MSIS: mass spectrometer and incoherent scatter radar (horrible name)

w  MSIS-E-90:
https://ccmc.gsfc.nasa.gov/modelweb/models/msis_vitmo.php

w  NRLMSISEOQO:
https://ccmc.gsfc.nasa.gov/modelweb/models/nrimsise00.php

w Global, empirical models of atmosphere density, composition, and
temperature

w Derived from data: Mass spec, radar, rocket measurements, and
more

w Include variations with solar activity, location, and more

w Other models: US Standard Atmosphere, International Standard
Atmosphere, Jacchia, others
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Origin of the lonosphere

The lonosphere Is a product of two
regions: the Sun and the Atmosphere
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Thermosphere:
* Energy sources:
* Absorption of EUV (20-100 nm; photoionizing O, O,,
N,) and UV (120-200 nm), photodissociating O,),
leading to chemical reactions and particle collisions,
liberating energy
* Joule heating by auroral electrical currents
* Particle precipitation from the magnetosphere
* Dissipation of upward propagating waves (tides,
planetary waves, gravity waves)

* Energy sinks:
*Thermal conduction into the mesosphere, where

energy is radiated by CO,, O; and H,0
* IR radiation by CO, NO, O

Troposphere:
* Energy sources:
* Planetary surface absorption (IR, visible),
convection & conduction to atmosphere
« Atmospheric absorption of terrestrial
and solar IR
 Latent heat release by H,O
* Energy sinks:
* IR radiation
» Evaporation of H,0O

Mesosphere:
* Energy sources:
« Some UV absorption by O; (lower heights)
« Heat transport down from thermosphere
(minor, upper heights only)

« Chemical heating

* Energy sinks:
* IR radiation by CO, H,0, OH

Stratosphere:
* Energy sources:

« Strong absorption of UV by ozone
(causing stratopause temperature peak)

* Energy sinks:
* IR radiation by O,, CO, , H,O
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lonization thresholds S
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lonosphere Composition and Density

+
/IJC Atmosphere and lonosphere composition
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Why does the lonosphere have a peak at some

altitude?

w  The atmosphere is exponentially increasing all the way to the ground.

What about the ionosphere?
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Chapman Layer
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Chapman Layer

w Production higher, and lower In altitude, for lower zenith angle (i.e. noon)

w Peak In production is near where intensity is about half the incident value
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lonospheric Chemistry

w lonosphere Is In equilibrium when 1onization production and loss mechanisms balance
w Production: photolionization ; energetic particle precipitation; collisions

w Loss: recombination ; charge exchange; chemistry

Continuity equation: %ﬁf‘ =V ->Lr
at P O+
L SN
m\- G’QMI’EWN/ {V\_c_: Q ?:-L )

2|~
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Electron Density Profile

W Balancing production (ionization) with loss
(recombination), we get an equilibrium electron
(or ion) density below

w Higher, less dense for increasing zenith angle

w Reminder: this Is for a single species, N

and single photon wavelength!
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lonosphere Layers

Different wavelengths are absorbed at different altitudes, by
different species 250

1(z) depends on wavelength-dependent absorption for each

species
200

P(z) depends on wavelength-dependent ionization cross
sections for each species
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: _ : : nEe. @
Right: top white curve is I(z) decay by e 0-5; 3
middle white curve by e*; =
- < 100
bottom white curve by e~
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Primary Production / Loss channels
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E-region
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D-region

W D-region is _known for Iow ele_ctron densities, light anc! Neutral Density (/cc)
heavy positive and negative ions, and complex chemistry. én” 10'? 10" 10" 10'% 10"
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w Negative ions formed by attachment processes:
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D-region chemistry and

ncluster 1ons

N\

O

w D-region also contains heavy water cluster ions of the form (H20)nH"

w Requires more complex chemistry models to evaluate ne profiles

Sodankyla lon and Neutral Chemistry (SIC) model:
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lonosphere Temperatures

lonosphere temperatures
1000 | | . .
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w Below 110 km, temperatures are made equal by 800 |
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Transport

w A variety of processes move plasma in the ionosphere:
w Winds : neutral winds drag ions along with them, if collision frequency is high enough
w Drifts : various forces cause plasma to fdrifta
w electric and magnetic fields;
W gravity;
W pressure; etc.

W These contribute to complex spatial and temporal variations in the ionosphere

on
New continuity equation: € | V : (neve) — P — L

ot
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foF2 and hmF 2

w  We often characterize the ionosphere by its peak

density, foF2, and the altitude where that occurs,
hmF2

w foF2 iIs a frequency in MHz. related to electron

density:
N 2
e = %~ i
M, €,
(k)la\
‘(’(c = (’_AL" ~ 9 Ve (C"’“—B
2T

w  hmF2 is simply altitude in km
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Solar Cycle Variation

w Densities are much higher (order of magnitude) at
solar maximum compared to solar minimum

w Higher EUV / X-ray fluxes lead to higher ionization

rates
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Lots more to the lonosphere / Atmosphere system

e
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