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LWS TR&T Focused Science Team on
Plasma Neutral Gas Coupling

JChromosphere COrMoonane,

«'My team: prominences

«'Phil Judge: Thermal & magnetic models
for ion-neutral chromospheric studies

«'James Leake: Modeling effects of ion-
neutral coupling on reconnection & flux
ememergence in chromosphere




LWS TR&T Focused Science Team on
Plasma Neutral Gas Coupling
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«' Geoffrey Crowley: Thermosphere-
ionosphere

«'Jiuhou Lei: lon-neutral processes in the
equatorial F-region

«'Wenbin Wang: Global ionospheric electric
field variations




Existence of the chromosphere:

For any reasonable heating me m, the Sun must produce a
partially ionized stratifie tmosphere (subject to jxB forces) -
the chromospheric pl cts as a thermostat
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Strong wave dynamics & electrodynamical
processes deposit heat, lifting more material
to heights than would exist w/out these
processes

Equivalent heat source in Earth’s
thermosphere arises from absorption of
EUV, causing expansion of the atm. to
greater heights in much the same way
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o Typical p

o Neutral beta (or
less than 1
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Magnetization = gyrofreq




Magnetized ions:
increasing height

Contain a region

- r—mr——_ 7 10-’°]loﬁoéphei‘e/""
Chromosphere Thermosphere

107 107 M3 domain

10°¢ . i 107

’

’,"‘M3 domain
1074 -M2 domain

107 11003 km

Normalized Pressure

o
L
3
®
"
®
-
Q.
©
©
N
©
E
-
G
-

€N M2 domain .
107 1490 km 10

. M1 domain

dJ0 km 109 A R S e
10' 107"° 107 10°
Magnetization Magnetization

hromosphere (left) and I/T
2, M3 i
) and




to be accelerated by
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o lonization by energetic particle
precipitation is important (flares,
geomagnetic activity, nighttime
ionosphere)



///ppt/Movies%20for%20talks/FLAREB1.MOV

o Physical descriptions of, and paradigms used to discuss the
2 environments
0O E and J are primary variables (B and flows secondary)
® : opposite is true (E are mainly transient and
quickly destroyed by electric currents)

o Drivers: magnetic field vs. neutral winds

o Plasma heating mechanism
daytime ionosphere (in quiescence) heated primarily
by UV and EUV radiation from Sun
heated by non-radiative energy coming from
within the Sun (e.g., collisional (Joule) heating)




o IIT, mag. field

o Chromo, mag.
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o Collisional coupling:

lower for any given

neutral coupling)
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o Lundquist number
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o Lundquist
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Thermosphere-Ionosphere Chromosphere

Potential B
E = (delta)¢

E, o “electrodynamics”,
B “fixed”
j determined by E, o

Heating mechanisms largely
known

Horizontal scales > vertical

Of/0x, Of/0y < 0f/0z

Non-potential B, fields tied to
subphotosphere
E(parallel) = 0

v, B, o full MHD (coupled fluid
and induction equations), “frozen
field”

j determined by jxB-Vp+..

Electrodynamic heating: unknown

Vertical scales = horizontal
Photospheric flux concentrations

0f/0x, 0f/0y = 0f/0z




Chromosphere | Ionosphere/Thermosphere

Ionization 0.1% — 100%

Collisional
Coupling

Strong mutual
coupling

Beta High ~ 100%

Lundquist
Scale Iy

Magnetic field

Very small

Drivers

Ions couple strongly to neutrals
Neutrals couple weakly to ions

Lg

1e-8% — 1%

Low ~.01%
Very large

Neutral winds

I/T strongly neutral dominated

Single-fluid Chromo
Multi-fluid I/T
OB/B0 large in Chromo, small
in /T
Chromo: Ideal at large scales
I/T: Resistive at all scales

V,B (MHD) vs E,] (ED)




Why is /T

Easier to make wide
T domain

The main, unresolved issue
general in nature:

o Heating of

o Driving of

o Transport of e
corona |

o Nature of tran

o Precise role of




Common i

o Are Alfvén waves impc
dissipation of elec

the I/T and chromos

o How do the I/T wnd ch OMC
energy transf e .
photosphere r



