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Why Saturn & Not Jupiter?

1. We have the necessary observations to perform seismic inversions 

given a Saturn model

2. We’re building the framework to capitalize on the measurements 

obtained from Jupiter

 Given recent Juno announcements, the planet model may be 

significantly different between Saturn and Jupiter



Mode Resonances

Unlike Jupiter (at least for now), we know which modes exist

ILR launched 

by satellite. 

Spiral density 

wave 

propagates 

away from the 

planet.

OLR launched 

by oscillation. 

Spiral density 

wave 

propagates 

toward the 

planet.

Taken from Marley & Porco 1993 



Mode Resonances

Taken from Nicholson & 

Hedman: Kronoseismology II 



All Resonances



Goal

 To utilize theoretical models and observational mode frequencies to 

perform inversions

Optical 

Depth 

Variation m = -2



Steps

1. Derive Kernel expressions

2. Create sophisticated Saturn model

3. Compute eigenfunctions and eigenfrequencies

4. Perform inversions

5. Check if the results are within acceptable errors

6. Repeat



Kernel Expressions



Kernel Expressions



Saturn Model

y-axis units are 

arbitrary



Eigenfunctions – Non-Rotating



Eigenfunctions – Non-Rotating

f-mode

p-modes

g-modes Mode mixing can 

occur without 

rotation if Brunt-

Vaisala frequency 

is large enough to 

allow for g-modes 

of frequency close 

to that of f-modes



Eigenfunctions – Rotating (10 Hrs)

Before 

Rotational 

Mixing
2 f-mode ring 

candidates –

shows importance 

of Brunt – Vaisala

frequency



Eigenfunctions – Rotating (10 Hrs)

After 

Rotational 

Mixing 3 ring 

candidates



Mixing Coefficients – Non-Rotating
m=2
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Mixing Coefficients – Rotating (10 Hrs)
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Mixing Coefficients – Rotating (10 Hrs)
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Kernels – f-modes



Kernels – other modes



Future Work –

Inversions

 Subtractive Optimally 

Localized Averages 

(SOLA) procedure

 Sum weighted kernels to 

match a target function at 

a specified radius

Taken from Jackiewicz et 

al. 2012



Inversion Trouble

Angular Degree, ɭr/RJ

Limited by the 

number of 

observed modes

Taken from Jackiewicz et 

al. 2012



Conclusion

1. Derive Kernel expressions

2. Create sophisticated Saturn model

3. Compute eigenfunctions and eigenfrequencies

4. Perform inversions

5. Check if the results are within acceptable errors

6. Repeat

 Progress is on schedule and should be complete by March 2018

 Once we receive Jupiter observations we can quickly repeat for 

Jupiter


