
6 MAY 2011    VOL 332    SCIENCE    www.sciencemag.org 672

PERSPECTIVES

Twisted Disks

ASTRONOMY

Heikki Salo

Ripple patterns in Saturn’s and Jupiter’s rings 
result from collisions with comets.
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        A
strophysical disks come in 

many sizes but, as verti-

cally thin rotation-supported 

systems, are all susceptible to both 

external perturbations and internal 

instabilities. One spectacular form of 

deformation is vertical bending. For 

decades, it has been clear that many 

galactic disks, including our own Gal-

axy ( 1), are warped. This manifests as 

up and down bends of the outer disks 

of edge-on galaxies and, in more face-

on galaxies, by distortions in the neu-

tral hydrogen velocity fields ( 2,  3). 

Warps are also seen in circumstellar 

dust disks [e.g., β Pictoris ( 4)] and are 

hypothesized to be present in accre-

tion disks around massive objects 

( 5). Nevertheless, the most striking 

twisted disks reside in our solar sys-

tem. This is vividly demonstrated by 

Hedman et al. ( 6) and Showalter et al. 

( 7) on pages 708 and 711 of this issue, 

analyzing the vertical corrugation pat-

terns in the rings of Saturn and Jupi-

ter with imaging data from the Cassini 

and Galileo/New Horizon spacecrafts, 

respectively. The new data confi rms 

the previously suspected ( 8) vertical 

undulations in Jupiter’s main ring. In Sat-

urn’s rings, the coherent pattern extends over 

hundreds of wavelengths, covering not only 

parts of the D ring ( 9) but also the entire C 

ring with an inferred vertical amplitude on 

the order of a few meters.

There is a simple kinematic description 

for a warp pattern. Particles orbiting in a 

spherical potential maintain fixed orbital 

planes. However, if the potential is fl attened 

with respect to a central plane (e.g., around 

an oblate planet), the vertical motion with 

respect to this plane has a shorter period than 

the azimuthal rotation. Imagine a swarm of 

particles on inclined orbits, each initially 

crossing the central plane along a common 

nodal line. On each orbit, the particles cross 

the central plane earlier and earlier, indicat-

ing that their orbital nodes regress in the 

direction opposite to rotation. This twisting 

of orbits is faster closer to the planet, lead-

ing to a warp, and if the twisting goes on, to 

a wavelike vertical corrugation pattern (see 

the fi gure). Such a pattern, with wavelengths 

decreasing inversely proportional to time, 

describes well the corrugations reported ( 6, 

 7), although the small amplitude of the pat-

terns requires the advantage of very special 

observational geometries.

The origin of galaxy warps, with their 

small amount of winding, is poorly under-

stood ( 10). The warps are common and are 

thus either very long-lived or continuously 

regenerated. Current explanations invoke a 

tilt between the disk and triaxial dark mat-

ter halo, or a continuous infall of material 

with angular momentum misaligned with 

that of the disk. Galaxy disks can also sus-

tain vertical oscillations due to their self-

gravity, but no permanent global mode can 

be maintained ( 11) unless fed by external 

forcing. Again, Saturn’s rings provide the 

best example of externally forced perma-

nent warp: the spiral bending waves ( 12) 

associated with resonance locations of 

Saturn’s slightly inclined moons, known 

since the Voyager fl y-bys in 1981. In con-

trast, the present corrugation patterns are 

truly transient features whose origin can be 

dated to within a few months, based on their 

observed degree of winding. Furthermore, 

this winding will proceed to make them 

eventually indiscernible.

Hedman et al. make a thorough analysis 

of how to provide the initial tilt responsible 

for the pattern. They argue that a sudden 

turning of Saturn’s rotation axis is improb-

able and conclude that the rings themselves 

have been inclined, in a hit by an interplan-

etary debris cloud in Fall 1983. Such debris 

clouds, whose off-axis angular momen-

tum transfers much more effectively to the 

ring than that of a single solid body, could 

be produced by comets disrupted in close 

planetary passages. The study by Showalter 

et al. adds a crucial piece of evidence by 

linking the Jupiter ring corrugations directly 

to the debris associated with the comet 

Shoemaker-Levy 9, which disintegrated 

during its close passage with Jupiter in 1992 

and whose largest fragments hit the planet 

in 1994.

Besides providing fresh examples of the 

rapid dynamic processes in planetary rings 

( 13), the implications of the vertical cor-
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Rippling through. Evolution of a 
corrugation pattern after the entire 
toy ring has been tilted along a con-
stant line by 0.5°. A leading one-
armed spiral pattern forms due to the 
winding of orbital planes. Realistic 
values for Saturn’s gravity moments 
are used, and after ~30 years the 
pattern would appear as tight as 
observed in Saturn’s rings. However, 
the vertical amplitude is exaggerated 
by a factor of ~100,000. The bend-
ing of the local ring plane leads to 
brightness variations: In the plot, the 
slopes exceed the 5° illumination 
elevation, and parts of the ring are 
in its own shadow (alternating darker 
zones lit by multiple refl ections). In 
Saturn’s rings, the slopes are a fac-
tor ~2000 smaller (and limited to the 
D and C rings), indicating very subtle 
brightness variations discernible only 
when the Sun is shining near the ring 
plane ( 6). In Jupiter’s tenuous rings, 
there is no shadowing, and bright-
ness variations arise due to the larger 
number of scatters when the line-of-
sight is along the local slopes, made 
possible when the rings are viewed 
near edge-on ( 7).
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