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Introduction

o The search for life beyond Earth depends

on search for liquid water.

o Images of Europa from Voyager | & Il gave
us first glimpse that it could be possible.

o Maybe a dozen worlds in the outer Solar
System could be candidates for liquid

water oceans in their interiors.




Europa & Enceladus

on Earth
o Tidal heating
o Water ice plumes above surface

o Measurements of tidal Love

numbers

Plans for future spacecraft visits




Titan, Ganymede & Triton

o Differentiated interiors

o Oceans deep under icy surface

o Ganymede:

= Tidal heating

o Titan & Triton:

= Radioactive decay
= Young surfaces of methane

o Largest moons in the Solar

System



> Table 6
r e e l e l I I O l e Results from the 3-layer model (ice thickness D, ocean thickness Dg, core ra-
[ ]

dius, relative core radius, rock-to-ice mass ratio, dimensionless axial moment
of inertia, ammonia content within the ocean X, assumed initial ammonia con-

tent Xg)
. ) D,km Dgc,km Rc,km R¢/R, Mc/Mp Mol
o While only Triton could have a pure Ewopa 795 805 14050 090 092 0346
. 1405.0 0.90 ( 0.346
. . 4.8 .z 1405.0 0.90 ( 0.346
water ocean, the introduction of - 000 14050 090 03
- 0.90 0.340 24.2
ammonia could allow oceans to remain Rhea 6.4 3472 045 027 0.340
Titania 253. .8 0.60 0.58 0.300 26.2
| 1 220. 39.4 519.8  0.60 0.58 0.300
[IqUId on many moons and dwar]c 217. . 519.8 0.66 0.58 0.300
. . : 5 Obe 264.4 481.0 0.63 0.54 0.307
planets including smaller objects like %3 4810 063 054 0307
Triton  200.5 .C 1017.0 0.75 0.72 0.310
Sedna Rhea and Oberon. 1949 1415 10170 075 072 0310
/ 18 48.C 1017.0 0.75 0.72 0.310
174.8 1.6 1017.0 0.75 0.72 0.310
143.9 02. 1017.0 Q.75 0.72 0310 2
o Oceans could be nearly 200 km deep on 2606 070 061 0306

0.70 0.04 0.306
0.70 0.64 0.306
0.70 0.64 0.306

2
2 070 0.64 0.306
2
2

objects the size of Triton, Pluto and Eris. ‘

) 5. W Xg-values of 1, 3, 5, 8, and 15%. In cases where the
O Great[y eXpandS the pOSS[ble peritectic composition of 32.5% within the ocean is reached for initial values
smaller than we determined the initial concentration, for which a liquid
. . layer close to the peritectic composition exists (e.g., Xg =1
en VlronmentSfOI’ [I‘fe tO fOfm 0.5% for Rhea). In such cases larger initial concentrations will lead to crys-

tallization of solid ammonia compounds. We did not obtain solutions for the
remaining satellites (note that we excluded the large icy satellites, Ganymede,
Callisto, and Titan).

Table taken from: H. Hussmann, F. Sohl and T. Spohn, Icarus 185 (1), 258-273 (2006).



Conclusion

o Far more objects in the solar system have

large bodies of water on them than ever

previously suspected.

o Could increase the chance for life in the solar

system (besides us) dramatically

o Open questions remain, like number,

temperature, stability, and whether life can

survive in ammonia-water environments.
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