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When in the late 1990s the Galileo spacecraft found compelling evidence of an ocean of liquid water
beneath Europa’s icy shell, the Galilean moon surged as one the most interesting bodies in the solar system,
as it may possess all the ingredients for extraterrestrial life.

For this reason, over the last decade NASA and ESA have studied a variety of mission concepts dedicated
to the exploration of Europa[l, 2, 3, 4, 5], often finding that the estimated costs or risks where too high
for the current technological and budgetary constraints. Following the recommendation in the Planetary
Decadal Survey[6] however, NASA commissioned a new study for three de-scoped missions: a flyby mission,
an orbiter mission, and a lander mission|[7]. This paper presents trajectory options for the lander and for
the orbiter missions, while the trajectory design for the flyby option was presented in a previous work|[8].

Using a new design approach for the last part of the moon tours, the final Av cost and the radiation
dose are efficiently minimized. The rest of the tour is then designed backward in time to patch the arrival
conditions at the Jupiter system.

Low levels of radiation dose are achieved by minimizing the number of phasing loops in the transfer
between Ganymede and Europa, while satisfying the mission requirements and constraints at Europa Orbit
Insertion (EOI). This approach was further exploited in the development of the “Banzai-pipeline”[5].

Low Awv costs are achieved using low-energy transfers. In particular, multi-body dynamics are exploited
to transfer the spacecraft from Callisto to Europa via high-altitude Ganymede flybys. In the orbiter mission
design, Tisserand-leveraging maneuvers[9] and low-energy capture further reduce the Av requirements.

Figure 1 shows the lander tour 12-L01, including the trajectory plot and the time history of the distance

from Jupiter and of the accumulated dose. Table 1 shows details of the flybys and of the deep space
maneuvers.
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Figure 1: Europa lander trajectory

Figure 2 shows the final Europa approach of the orbiter tour 11-O02. In this particular example, the
spacecraft is temporarily captured around Europa to add a redundant option for EOI. Table 2 compare the
Awv and radiation dose of the last part of tour 11-0O02 to other trajectory options in literature[10, 4].



Table 1: Lander 12-1.01

EVENT DATE DSM FLYBY
(ET Calendar) Av (km/s) | voo (km/s) Alt. (km) In /Out
Ganymede 0 2028 APR 03 06:23:42 9.218 500 In
JOI 2028 APR 03 16:48:10 0.839
PJR 2028 JUN 26 17:48:59 0.162
Ganymede 1 2028 OCT 21 06:22:24 5.698 294 In
DSM 2028 NOV 15 07:26:46 0.007
Ganymede 2 2028 DEC 10 08:31:35 5.629 185 In
DSM 2028 DEC 31 19:43:06 0.005
Ganymede 3 2029 JAN 22 06:48:18 5.595 109 In
Callisto 4 2029 MAR 02 13:49:54 6.314 200 Out
DSM 2029 APR 02 14:12:58 0.005
Ganymede 5 2029 MAY 03 11:41:02 3.806 205 In
Ganymede 6 2029 JUN 01 01:59:33 3.814 559 In
Ganymede 7 2029 JUN 17 10:33:28 3.715 2170 Out
Callisto 8 2029 JUL 02 15:23:51 1.816 2879 In
Ganymede 9 2029 JUL 06 20:19:05 1.489 15818 In
DSM 2029 JUL 12 00:14:13 0.017
Ganymede 10 2029 JUL 28 10:32:00 1.347 581 In
Ganymede 11 2029 AUG 04 09:29:41 1.396 3970 In
EOI 2029 AUG 06 15:37:13 1.076 50
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Figure 2: Europa orbiter - gravitational capture at Europa

Av Radiation dose
99-35* 650 m/s 0.95 Mrad
08-008* 846 m/s 0.85 Mrad
11-002* | 635 m/s 0.75 (4+0.07) Mrad

Table 2: Comparison of the endgames of three orbiter options. 11-O02 is presented in this paper. *Numeri-
cally integrated. + Patched-conics.
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