Heliophysics Summer School 2015

Planetary dynamos and their seasons

Part 2

Gary A Glatzmaier

University of California, Santa Cruz




Terrestrial planets
Earth
Mercury
Mars

Gas giants
Jupiter
Saturn

Ice giants
Uranus
Neptune

Satellites
Ganymede
Moon
Europa
Titan

Exoplanets

Stanley and Glatzmaier “Dynamo models for planets other than Earth”
Space Sci Rev and ISS] vol 33, “Planetary magnetism” ed, A. Balogh, 2009.




Part 2: Planetary dynamo simulations

Geodynamo and its dipole reversals (magnetic seasons)

Jovian dynamos and the Juno and Cassini missions




solid

mantle




solid

mantle




Pleistocene
Pliocene

Quaternary

Miocene

Oligocene

Eocene

Paleocene

Maastrichtian

Campanian

Late Cretaceous

5
5

0

Santonian
5 Coniacian——
Turonian

10

Cenomanian

15
20
25

30
Aptian
35

Barremian

40

Early Cretaceous

Hauterivian

45
50

Valanginian

55
Berriasian

60

Tithonian

65
70

Kimmeridgian

Late Jurassic

7>

Oxfordian

80




Jaramillo

o

kfj {Jr \1 M 'l“\jﬂ, l[ “

‘4

Lasc h"mPBlake Jamancd mez Biwa3 L ¢ v
R l L1 L1 | lEmplcror q,g[ﬂs‘

0 0.2 0.4 0.6

)

8
6
4
2

22

Olduvai Matuyama Gauss

o

g
<
=
=
&
>

Ontong Java
Cobb 12 Gilsa

"{ \ ;
\l ; \ I | Hw 'L[(Ml







Radial Component of the Magnetic Field

At surface At core-mantle boundary

Geomagnetic field (1980) up to degree 12

G-R simulation plotted up to degree 12

G-R simulation up to degree 95




Inner core super-rotation
with gravitational coupling
between inner core and mantle
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Surface of the Earth







Jovian dynamos and the Juno and Cassini missions




Surface observations of Jupiter

banded atmospheric clouds banded zonal winds




Ashwin Vasavada




Latitudinally banded zonal winds

thin shell model



Planetographic Latitude (deg)

“Saturn” simulation
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Zonal winds (differential rotation)
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Fields displayed in spherical surfaces
atr =1.07 R, (Juno’s perijove)
perturbed gravity field magnetic field
RADIAL components
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. Juno mission to Jupiter
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Juno mission to Jupiter
(and Cassini Grand Finale mission to Saturn)

If no banded axisymmetric structures were observed in Juno’s magnetic
and gravity data, all strong zonal winds on Jupiter’s surface are likely
shallow atmospheric features.

If only broad-banded axisymmetric structures were observed in Juno’s
magnetic and gravity data (as in these simulations), Jupiter’s broad low-
latitude jets likely extend through the deep interior, but the narrow high-
latitude jets are likely shallow atmospheric features.

If banded axisymmetric structures were observed at all latitudes in
Juno’s magnetic and gravity data, the zonal winds on Jupiter likely all
extend well below the surface, possibly down to a double-diffusive stable
stratification in which internal gravity waves exist.




