Hehophysms Overwew II
Plasma Environments -
Magnetosphere-
lonosphere Systems at
Earth and Beyond

— Heliosphere & - Jupiter



Which topic Is your primary interest
(probably, at this point in time)?

1. Solar physics 1 & other stars

2. Heliosphere 1 solar wind

3. Earth ionosphere/magnetosphere

4. Planetary space physics

5,Hummmmé . notiosur e
something else....
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Termination Shock

Voyager 1

Interstellar * i
Wind

Voyager 2




Planetary
Magnetic
Dynamos



What are the 3 main ingredients
for a planetary dynamo?



Planetary Dynamos m

Earth dynamo model -

Volume of electrically From Glatzmeier and
conducting fluid 1 RObeftS
which Is convecting 9 ‘
and rotating 3

All planetary objects
probably have enough
rotation - the presence
(or not) of a global

magnetic field tells us
about 1 and 2



Orange clouds Blue because methane
absorbs red sunlight

lonic Water
Liquid Metallic Hydrogen
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Magnetic Potential
3-D Spherical harmonics
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Stanley & Bloxham 2006
i Neptune
_ T Multipole
s Uranus © .
S | coefficients /
2 5 | Dipole coefficient
= | Jupiter _
3 Indicates degree
@)
T ST of complexity
2| 3 N
104 -2 Jupiter Saturn
[| @~ Saturn . ;
1 2 3 »
Dipole Quadrupole ~~_ Modeling
— : Uranus' &
Neptune's non-
dipolar fields

~— with a thin-shell
dynamo over a
stratified core




Planet Rcore / Bo [ n] Tilt Quad /

Rplanet Dipole
Earth 0.55 31 +9.92° 0.04 <«— :
Jupiter 0.84 428 -9.6° 0.10 Di pOIar
Saturn 0.6 21 <-1° 0.02
Uranus 0.7 23 -59° 1.3 <\> Irregu lar
Neptune 0.8 14 -47° 2.7 &

Earth B,.qa @ surface

Jupiter Saturn

Uraus Neptune

Stanley &
Bloxham 2006



Earth's Magnetic Field

When you look
closer there's
more complexity «

<

Earth's field extrapolated down to the
top of the outer core dynamo region
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Br through a reversal

t=1.830E+00 (frame 380)
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Where are the Earth's magnetic poles -

and where are they headed?
Note that the north magnetic pole is moving

towards the rotation pole, the south magnetic
poleismovingaway f r om t he

. e
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. | Magnetic Poles = where B = Br
I Geomagnetic Poles = pest fit dipole



rbit Insertion
© Spacecraft & Payload ' sor
NN B SPACECRAFT
DIAMETER: 66 feet
- 20 meters
Power 400 W
Spin period 30 sec

unoCam
camera

.JED[: |

High—energy particlés
JpE ¢
Low-energy partlcles

IR spectrometer 4

Gravity Science

Magnetometer ,‘

Microwaves



Orbiting Jupiter since 2016

Now 32 -day orbits



9 The Orbit: Key to Whole Missi

Orbit 1 Pl 2 Hours Perijove

le-to-pole! (4,200 km
po e-lo-pole ~ above clouds)

/
Orbit 16

Orbit 31

Duck under radf
Skim above c



Jupiter's Magnetic Field

Jupiter '.'

A Juno's first few 2
passes are showing

deviations from
previous simple o'

models

A Hints that the : !
dynamo region Is 2/

closer to the

surface?
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Juno -based magnetic field model

Big N-S
asymmetries!
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Earth's South American Anomaly

A Weak field
region

A High radiation

precipitation

Hubble Space
Telescope!

IR ) (SRR

|22



o) UP ClOse + more orbits
| A N-S asymmetry

Magnetic Field 7 JRMO33

YU
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-> more detall

A Secular variation

A Coupled to zonal winds?
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Connerney et al. 2018, 2022

Spherical Harmonic Analyses
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,@ Measured gravity Tield

OQuter atmosphere
mosphele
peeP @

Weakly conducting Jayer
%— A Silicate
‘g % Highly conducting layer mplets
it
A No distinct core | *

Dynamo
A Heavy elements Region
partially mixed
A Helium raining ?
out of outer layer Heavy
elements

A All boundaries
fuzzy?!

zMixed with
metallic H to
less et al. 201 8lature ~40% radIUS



Saturn: Deeper core, zonal
flows in resistive layer makes

Earth: Dynamo deep in symmetric dipolar field
core T outer field ~dipole

Dlmplications for Dynamo
Jumno
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J@ Implications for Dynamo in Rapid Rotator

Duarte
et al.
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WHICH HAVE ACTIVE MAGNETIC DYNAMOS?

Hot surface -
small Tgradient

Solid inner core

Liquid outer core

MERCURY VENUS EARTH MOON

Why Don't Venus or Mars have Dynamos?
AEnough rotation i even for Venus
AConducting fluid core i probably
ALack of convection in core?
1. If....Mantle convection controls heat flow from

core. Then....Lack of plate tectonics suggests
less efficient cooling of interior and lower heat flux
from core

No inner core means no latent heat of
solidification and no enhancement of lighter
material in the outer core

Small i
cooled off

MARS

Stevensen 2010
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Mars has strange arrangement of
permanent crustal magnetic fields

UTOPIA Z % ACIDALIA
= ALBA PATERA : =
= PLANITIA ARCADIA = e

ELYSIUM N T 0
~ AMAZONIS ~ bxd
. 4, oLYMPUS

S’ MONS/ <\

East Longitude
ABy/ALat (nT/degq)

-30 -10 -3 -1 -3

Connerney, J. E. P. et al., (2005) Proc. Natl. Acad. Sci. USA, 102, No. 42, 14970-14975

Magnetic dynamo stopped ~3 billion




Why no dipole at Mars and Venus?

InSight

Cerberus

At Mars and Venus, the liquid Mars
. . Stahler+2021

core is wrapped in a stagnant
mantle:

U no plate tectonics
no mantle convection
no magnetic field
still not fully understood

Core Radius:
1830440 km
~ fluid, no S-waves

0
0
i

Composition: )
Fe-S + light elements Core Tharsis
it Shadow
5.8-6.2 g/lcm?®

P-waves:
P. PKP

S-waves:
S,SKS,ScS

OKc¢ Mars is small and cooled off quickh
Liquid Iron But Venus?? Same size as Earth!




Induced
Magnetospheres



Mars & Venus: Induced Magnetosphere

Earth vs. Venus
¢ Why so different??

Magnetosphere

a)

NASA SVS

Bow shock Magnetotail

e D
.-

Venus bow shock



https://svs.gsfc.nasa.gov/11440/

Proton Auror a: Mar s O

Penetrating particles are
neutralized by charge
exchange, which allows
them to pass through the
bowshock and emit

Bow Shock

Hydrogen
Corona

A Patchy i varying solar wind
structures

250 km

Altitude

50 km

oar ™ saia » A Likely to occur on Venus,

Noon Sunset
Deighan+ 2018 but never been observ&d



Fast electrons Solar Energetic

Three Types of Aurora on Mars

Solar wind

power emissions in  Particles , both
discrete patterns in  protons and
and around Mars electrons, can
crustal magnetic engulf the entire

HIE S

planet in diffuse
aurora

protons impact

Mar so0 uppe
atmosphere, and
cause emission
across the dayside

O and H glowing in ultraviolet



Venus: Aurora waiting to be discovered

Sun-Venus interaction should produce aurora similar to
those seen at Mars outside the crustal fields

v Pioneer Venus made point observations from a spinning
spacecraft, limiting temporal and spatial resolution
v Since 80s - No mission has adequately observed aurora

at Venus
Pioneer Venus UV Aurora 130.4 nm  Phillips+1986
Orbit 1298 | R Orbit 1301 Orbit 1303

y . .!.‘,' 4 . n.!" """" !
: +

[2gerer




Solar Windnteraction
Atmosphere Escape

- lonization of outer atmosphere
- Plasmaatmosphere interaction
- Similar scale!

- Similar loss! few kg/s

- Comets up to ton/s

Brain et al. 2016

Venus

Mars

Titan

Pluto

Comet

Mariner 2, 5, 10
Venera 9, 10
Pioneer Venus
Venus Express

Mariner 4
Mars 2, 3,5
Phobos

MGS

Mars Express
MAVEN

Voyager 1
Cassini

New Horizons

Vegal, 2
Deep Space 1
Giotto
Rosetta



Magnetosphere
Sizes



Why do planetary magnetospheres
have a bow shock?

What happens to the solar wind at the
bow shock?



% 4 Magnetosheath

a\)se ey > i
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6\09
"9 " Bow Shock

» AKinetic energy-> thermal energ
~ AFlow diverted around obstacle
A~11% less pressure at MP tha
upstream SW

Plasma
Sheet

Magnetotail

Solar-wind
plasma



Solar Wind

ChapmankFerraro Current

Magnetopause
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Magnetosphere
B=B:2

p=0

Alnternal magnetic field
pressure B?/2m,

ABalances the solar wind
dynamic pressure r, U%,

AAssumes northward
Interplanetary Magnetic
FieldT IMF

AChapman-Ferraro
current must provide

] X B force integrated
across magnetopause



ChapmankFerraro Current

ICreates closed
magnetosphere

ALimits size of
magnetosphere

ACurrent pattern
over the whole
magnetopause.




Bdipole :B) (R)/r) 3

SW ram pressure <=>
Internal magnetic field pressure

I sw Wew =B12M =B (R/1)% 2m,

BUT what about currents at the
magnetopause?> 2By,

rsw o= (2B)? (R/N® 2m,

Solve for r=> %

R\/IP/ Iajlanet = 21/3[ Bo2 / 2”!) I sw Uzsw]1/6




