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THE EUROPA MISSION: MULTIPLE EUROPA FLYBY
TRAJECTORY DESIGN TRADES AND CHALLENGES

Try Lam∗, Juan J. Arrieta-Camacho†, and Brent B. Buffington‡

With potential sources of water, energy and other chemicals essential for life, Europa is a top
candidate for finding current life in our Solar System outside of Earth. This paper describes
the current trajectory design concept for a multiple Europa flyby mission and discusses sev-
eral trajectory design challenges. The candidate reference trajectory utilizes multiple Europa
flybys while around Jupiter to enable near global coverage of Europa while balancing science
requirements, radiation dose, propellant usage, and flight time. Trajectory design trades and
robustness are also discussed.

INTRODUCTION

Europa is one of the four large satellites of Jupiter discovered by Galileo Galilei in 1610.1 It is considered
one of the most intriguing objects in the Solar System in part due to the possibility that it may have substantial
amounts of liquid water, possibly as a global-scale ocean residing beneath a surface layer of ice.2 Observations
of Europa made by the Voyager 1 and 2 Spacecraft in 1979, and by the Galileo Orbiter from the late 1990s
to the early 2000s returned evidence that not only strengthened the global-scale ocean hypothesis but, in
addition, suggested that water within Europa may have other ingredients essential for life, such as energy
from tidal heating and radiation and essential chemical compounds.

From our experience of life on Earth—where everywhere we find water, we find life—it is reasonable to
focus the search for life in our Solar System on the search for water. If Europa indeed contains a global ocean,
its volume is expected to be between two and three times the volume of all water of Earth’s oceans.3 Europa,
then, has been an important science target for many mission concepts4, 5, 6 in the recent decades; these include
orbiters, flyby spacecraft, and landers.7

This paper describes a candidate reference trajectory concept for a mission to Europa capable of finding
conclusive evidence of a liquid ocean, investigating the habitability of Europa, and identifying landing sites
for potential future landed missions. This mission concept, referred to as the Europa Mission, is currently
being developed jointly by the Jet Propulsion Laboratory (JPL), California Institute of Technology and by
the Applied Physics Laboratory (APL), Johns Hopkins University. It is based on a single spacecraft with a
comprehensive set of instruments that performs multiple close flybys of Europa to investigate its habitability
and collect global information on ice shell thickness, composition, and surface geomorphology.

The ensuing results and analyses were developed assuming a notional Science Payload consisting of a
shortwave infrared spectrometer (SWIRS), an ice penetrating radar (IPR), a stereo topographical imager
(TI), a neutral mass spectrometer (NMS), Langmuir probes (LP), magnetometers (MAG), a radio science
instrument, a high resolution reconnaissance camera (RC), and a thermal imager (ThI). The actual Science
Payload recently selected (on May 26, 2015) by NASA for the Europa Mission8 is very similar to our assumed
notional payload and is discussed in § Future Work.

In the following sections we will describe some of the design trades and challenges associated with de-
signing a candidate reference trajectory that orbits Jupiter and performs multiple close flybys of Europa to
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provide global coverage for the science investigations while balancing these science requirements with navi-
gation complexity, radiation exposure, ∆V, flight time, and overall mission robustness.

MISSION DESIGN APPROACH

The design objective is to obtain a global-regional coverage of Europa using low altitude flybys, while
balancing flight time, propellantexpenditure, and navigational complexity (e.g., time between flybys and time
between maneuvers). However, trajectory design in the Jovian System exhibits unique challenges such as the
radiation environment, the gravitational disturbance exerted by the Galilean moons, and the relatively long
duration of solar conjunctions.

The radiation environment—due to Jupiter possessing the strongest magnetosphere of any planet in the
Solar System—can render spacecraft electronic useless in a relatively short time if left unprotected. High
radiation exposure results in increased shielding mass, which reduces the available payload mass. As illus-
trated in Figure 1, Europa’s orbit is contained within a region of high radiation at 9.4RJ

∗. For this reason, the
spacecraft will experience high radiation exposure when it flies close to Europa. On the other hand, a trajec-
tory capable of providing global mapping of Europa must rely on multiple close flybys at varying latitudes
and longitudes. Furthermore, the trajectory should minimize empty orbits—those when the spacecraft enters
a high radiation region but does not fly by Europa, which may occur during orbit phasing or during solar
conjunction. The issue of avoiding flybys during solar conjunction will be discussed in a later section.

Figure 1. Contour plots of the GIRE/DG83 model E > 10 MeV integral proton (left)
and E > 1 MeV electron (right) fluxes for the Jovian magnetosphere radiation re-
gion. The radiation environment at Jupiter is the strongest of any planet in the Solar
System, and Europa’s orbit is contained within a region of high radiation (9.6RJ ).
GIRE = Galileo Interim Radiation Electron model;9 DG83 = Divine and Garrett 1983
model.10 Figure courtesy of H. Garrett.

Flybys of the Galilean moons are used to control the transfers around Jupiter. When the trajectory is
near planar non-targeted flybys of the other Galilean moons may occur. This can present a trajectory design
challenge when moving from a lower fidelity two-body conic model to a higher fidelity model.

The candidate reference trajectory begins at Earth and reaches Jupiter either via a direct or multiple gravity
assist interplanetary trajectory, (cf. § Interplanetary Trajectory). Upon arrival, on the incoming trajectory to
the Jupiter’s system prior to the Jupiter closest approach, the spacecraft implements a Ganymede gravity
assist to reduce the ∆V needed to capture into Jupiter’s orbit, and subsequently performs multiple gravity
assists of Ganymede and/or Callisto to reduce or pump-down the orbital energy. From that point on, the
spacecraft performs a series of resonant and non-resonant flybys of Europa at different orbital locations to

∗RJ = 71, 492 km
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obtain scientific measurements from regions delineated by the Science Definition Team (SDT). The Europa’s
SDT stressed the need for obtaining simultaneous complementary data sets at Europa and the need to obtain
global-regional coverage with sufficent coverage and resolution in at least 11 of the 14 roughly equal-area
“panels” distributed across Europas surface in Figure 2.

Figure 2. The fourteen roughly equal-area regions delineated by the Science Definition Team (SDT).

Mapping Europa with near global coverage with multiple flybys can be done with series of crank-over-the-
top (COT) sequences.11 COTs can be applied to systematically cover one hemisphere of Europa at a time.
Starting from an equatorial orbit around Jupiter, COTs are a series of Europa flybys that increase the space-
craft inclination (cranking) up to the maximum inclination. If one continues to crank in the same direction, the
inclination will then start to decrease, until the spacecraft’s orbit plane has returned to an equatorial orbit. If
the crank direction is reversed, the COT sequence will produce groundtracks that cross near closest approach.
The process of using two COT sequences to produce overlapping ground tracks can be executed on either
the anti-Jupiter or sub-Jupiter hemisphere of Europa. COT sequences that start with outbound flybys cover
the anti-Jupiter hemisphere of Europa with close approaches occurring near the 180◦ meridian, and inbound
flybys cover the sub-Jupiter hemisphere of Europa with close approaches near the prime meridian. This sys-
tematic method of Europa flybys will provide global coverage of Europa. The key benefit of a multiple flyby
mission is that the spacecraft only dips into the harsh radiation environment to collect Europa science data
and spends the remainder of the time outside the intense radiation and downlinking the data.

Accordingly, the candidate trajectory can be divided into eight stages:

Pump-Down Relies on resonant or non-resonant transfers of Ganymede and/or Callisto to reduce orbital inclination
and orbital period, and align the line of nodes for near ideal Europa flyby geometry (lighting and relative
velocity). At the end of this stage the spacecraft will have a near-equatorial orbit with an orbital period
of about 14 days, with periapsis close to the COT-1 region.

COT-1 Uses resonant transfers of Europa to cover the anti-Jovian hemisphere from north to south.

COT-2 Uses resonant transfers of Europa to cover the anti-Jovian hemisphere from south to north.

Petal Rotation A series of near-equatorial non-resonant Europa transfers, alternating between increasing and decreas-
ing the period of the orbit, to rotate the location of closest approach counter-clockwise (as seen from
Jupiter’s pole) along Europa’s orbit.12
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Switch Flip Relies on resonant and π-transfers of Europa and Callisto to flip the location of closest approach to the
opposite side of Europa’s orbit.

COT-3 Uses resonant transfers of Europa to cover the sub-Jovian hemisphere from north to south.

COT-4 Uses resonant transfers of Europa to cover the sub-Jovian hemisphere from south to north.

Impact Finalizes the mission with a planned collision of the spacecraft with Ganymede or Callisto.

In the candidate reference trajectory flybys of Ganymede and Callisto are only used for gravity assist
purposes.

All instruments desire global observations and measurements, with a majority of instruments preferring or
requiring illuminated observations. Since Europa is tidally locked, the same terrain has the same orientation
relative to Jupiter (cf. Figure 3). For this reason, illumination is a function of Europa’s location in its orbit.
Figure 4 shows the notional location of selected mission stages∗ in the orbit plot in the rotating coordinate
frame. Note for orbit figures, it is advantageous to display the view from Jupiter’s northern hemisphere cen-
tered at Jupiter in the rotating frame with the y-axis pointing to the Sun, z-axis normal to the Jupiter orbit
plane, and x-axis completing the right rule. In such configuration, lighting condtions are clearly understood.
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Figure 3. The majority of the instruments require or prefer illuminated observations.
Given that Europa is tidally locked, the same Europa terrain always has the same
orientation relative to Jupiter. (left) Jupiter centered plot viewed from the Jupiter’s
north pole in the rotating frame with the y-axis points to the Sun, z-axis normal to the
Jupiter orbit plane, and x-axis completing the right rule.

Another important challenge in the trajectory design process is the concept of robustness. If a flyby is
missed and its groundtrack is needed to fulfill a particular science objective, then the design of the trajectory
must be robust enough to repeat that groundtrack at a later time, or still meet the overall science objective if
that flyby was missed. This will be discussed in more detail in a subsequent section.

INTERPLANETARY TRAJECTORY

For all developed candidate reference trajectories, the spacecraft would launch from Kennedy Space Center
in Florida, on a NASA-selected launch vehicle. For concept design, both the Space Launch System (SLS)
and the Evolved Expendable Launch Vehicle (EELV) class (Atlas V 551, Delta IV Heavy, and Falcon Heavy)
launch vehicles are investigated. In this paper, we will discuss both options, but will focus on the SLS as
the baseline. For the required delivery masses to Jupiter, the EELV would require either a Venus-Earth-Earth
gravity assist (VEEGA) trajectory or a Earth-Venus-Earth-Earth gravity assist (EVEEGA) trajectory, whereas
the SLS launch vehicle can go direct (Earth to Jupiter).
∗The Pump-Down, Switch Flip, and Impact stages are not shown in this diagram.
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Figure 4. Jupiter centered plot viewed from the Jupiter’s northern hemisphere in
the rotating frame with the y-axis points to the Sun, z-axis normal to the Jupiter
orbit plane, and x-axis completing the right rule. The spacecraft performs a series of
resonant and non-resonant transfers to encounter Europa at different locations along
its orbit.

For the direct launch option, the middle of the launch period is June 14, 2022 (Figure 5(a)) with a maximum
C3 during the launch period of approximately 82 km2/s2. The Jupiter arrival date is fixed to two dates
throughout the launch period, a December 24, 2024 arrival for the first six days of the launch period and March
5, 2025 for the remaining launch dates. The two arrival dates were utilized to decrease the C3 variation across
a 21-day launch period to increase delivery mass to the Jupiter system, and thus, increase system dry mass
margin. The flight time for the direct launch ranges from 2.55 to 2.71 years. For the EVEEGA interplanetary
transfer, the launch period opens May 25, 2022 and closes June 14, 2022 (Figure 5(b)) followed by an Earth
flyby on May 24, 2023, a Venus flyby on November 23, 2023, a Earth flyby on October 21, 2024, another
Earth flyby occuring on October 22, 2026, and lastly arriving at Jupiter on January 15, 2030, with a total
flight time of 7.64 years.

For the direct launch option, the satellite tour designs for the two arrival dates are similar with identical
flyby sequences and geometry from the second Europa flyby (E2) onward. This constraint simplifies the tour
design in the Jupiter system by having only a single tour design for the entire launch period, and helps to
maintain a dry mass margin greater than 35%, which is required by the Europa Project prior to SRR (System
Requirements Review).

A summary of the launch options are listed in Table 1∗.

SATELLITE TOUR

The baseline Jupiter tour discussed in this paper is a fully integrated trajectory with flight-level fidelity,
and one of many tours developed for this study. The Jovian portion of the baseline trajectory, 14F8-S22,
begins after JOI and consists of 45 Europa, 5 Ganymede, and 7 Callisto flybys over the course of 3.68 years
(Figure 6). The tour reaches a maximum Jovicentric inclination of 21.2 deg, has a deterministic ∆V of 174
m/s (post perijove raise manuever (PRM)), and has a total ionizing dose (TID) of 3.14 Mrad.

As mentioned in the above section, the tour consists of a pump down sequence using 5 Ganymede flybys
used to reduce energy relative to Jupiter and sets up the encounter geometry for the first Europa science phase
such that an acceptable relative velocity to Europa would be achieved and Europa’s anti-Jupiter hemisphere

∗Naming convention for the candidate reference missions is YYTN-VL, where YY = calendar year the mission was designed, T =
type of mission (F = multiple flyby), N = sequential number of tour developed, V = launch vehicle assumed (A = Atlas V 551; S = SLS;
D = Delta IV Heavy), L = launch year. For example, 14F8-S22, was a flyby mission launching on an SLS in 2022, designed in 2014, and
is the eighth reference mission designed.
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Figure 6. 14F8-S22 trajectory viewed from Jupiter’s northern hemisphere, centered
at Jupiter in the rotating frame with the y-axis points to the Sun, z-axis normal to the
Jupiter orbit plane, and x-axis completing the right rule. Gray: pump-down; blue:
COT-1; cyan: COT-2; maroon: petal rotation; orange: Europa illuminated hemi-
sphere transition; magenta: COT-3; green COT-4; black: orbits of the four Galilean
satellites. Spacecraft’s trajectory shaded black when in Jupiter’s shadow.

would be well illuminated. This is followed by COT-1, COT-2 and the petal rotation, where the latter is
designed principally for gravity science observations, but is also very useful for IPR and trailing hemisphere
coverage for SWIRS. It uses a series of non-resonant transfers, alternating between increasing and decreasing
the orbit periods (4 : 1+ and 5 : 1− in our case) which rotates the line-of-apsides counter-clockwise and
produces alternating repeated equatorial groundtracks. The next phase is the Europa illuminated hemisphere
transition phase which rotates the orbit such that the illumination is now in the sub-Jupiter hemisphere of
Europa instead of the anti-Jupiter hemisphere. This phase requires the spacecraft orbit period to decrease and
the inclination to increase to setup the correct geometry for Europa-to-Callisto π-transfer. This phase also
includes a Callisto π-transfer, and a Callisto-to-Europa π-transfer. This places the next set of Europa flybys
approximately 180 deg from the location of the Europa flybys in COT-2. This is followed by COT-3 and
COT-4 which again steps through the groundtrack coverage but over the now sun-lit sub-Jupiter hemisphere
of Europa.

Details of the 14F8-S22 tour are listed in Table 2. Details for 13F7-A21 can be found in Reference 6.
Details for 15F9-A22 and 15F10-S22 can be found in the Appendix. The tables include detailed information
on the flybys for the entire tour. Figure 7 shows all the flyby groundtracks color contoured by altitude for
14F8-S22 at the end of COT-4. Closest approaches are marked with an “x” and numbered according to flybys
from Table 2. The build up of the groundtracks are in Figure 8-13, with both the altitude contours and the
local time contours.

Figure 14 shows the cumulative potential opportunities coverage for the Short Wave Infrared Spectrometer
(SWIRS) and the Topographical imager opportunity for 14F8-S22.

The mission operations will be nearly identical for all Europa flybys. Maneuver locations are also the same
per orbit with determinisitic manuevers located 3 days post flyby for clean up, a targeting maneuver near
apoapsis, and a statistical maneuver located 3 days prior to the next flyby. In Figure 15, a representative
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Table 2. Detailed 14F8-S22 tour summary.
Phase Flyby In Date Alt B-plane V∞ Incl. SEP m n Next enc. Lat W. Lon

/Out (ET) (km) (deg) (km/s) (deg) (deg) (days) (deg) (deg)

0G0 I 04-Mar-2025 22:50 500 0 8.06 3.6 88 28.3 1 202.3 – –
1G1 O 23-Sep-2025 05:35 150 -172 6.41 3.5 69 7 1 50.1 – –

Pumpdown 2G2 O 12-Nov-2025 07:49 100 -136 6.46 0.3 115 4 1 28.6 – –
3G3 O 10-Dec-2025 22:23 3541 -177 6.42 0.1 145 3 1 21.5 – –
4G4 O 01-Jan-2026 09:36 100 -173 6.46 0.5 170 10.9 2.9 38.8 – –

7E1 O 09-Feb-2026 04:48 6573 -9 4.16 0.6 146 4 1 14.1 – –
8E2 O 23-Feb-2026 08:12 100 -75 3.94 3.0 131 4 1 14.2 72.6 181.6
9E3 O 09-Mar-2026 13:08 100 -48 3.95 4.9 116 4 1 14.2 43.4 179.2

COT-1 10E4 O 23-Mar-2026 18:03 50 -19 3.95 5.7 102 4 1 14.2 14.1 178.3
11E5 I 06-Apr-2026 22:59 50 15 3.94 4.8 89 4 1 14.2 -16.0 177.4
12E6 I 21-Apr-2026 03:51 25 47 3.94 2.7 77 4 1 14.2 -45.7 176.8
13E7 I 05-May-2026 08:45 25 79 3.93 0.3 65 4.1 1 14.5 -77.3 170.9

14E8 O 19-May-2026 20:46 100 81 3.96 2.9 53 4 1 14.2 -79.0 187.5
15E9 O 03-Jun-2026 01:42 25 54 3.97 5.1 42 4 1 14.2 -49.9 180.2

16E10 O 17-Jun-2026 06:35 50 26 3.97 6.2 31 4 1 14.2 -21.1 179.2
COT-2 17E11 I 01-Jul-2026 11:29 25 -5 3.97 5.8 21 4 1 14.2 7.0 178.9

18E12 I 15-Jul-2026 16:13 100 -17 3.99 5.0 10 11 3 39.1 18.1 189.3
21E13 I 23-Aug-2026 17:43 100 -86 4.00 2.3 19 4 1 14.2 73.8 127.3
22E14 I 06-Sep-2026 22:16 25 -54 4.04 0.6 29 7.1 2 25.3 54.0 204.5

24E15 O 02-Oct-2026 05:11 50 3 4.08 0.5 49 8.9 2 31.7 -3.4 148.6
26E16 I 02-Nov-2026 21:09 2615 0 4.13 0.5 76 4.1 1 14.6 -0.2 208.5
27E17 O 17-Nov-2026 10:39 30 0 4.08 0.5 89 4.9 1 17.6 -0.1 155.2
28E18 I 05-Dec-2026 00:07 25 0 4.08 0.5 106 4.1 1 14.6 0.3 201.7

Petal 29E19 O 19-Dec-2026 13:22 100 0 4.09 0.5 121 4.9 1 17.6 -0.1 153.9
Rotation 30E20 I 06-Jan-2027 02:41 25 -1 4.07 0.5 139 4.1 1 14.5 1.1 201.4

31E21 O 20-Jan-2027 15:47 50 10 4.05 0.1 156 5 1 17.7 -9.5 154.9
32E22 I 07-Feb-2027 07:25 50 38 3.92 1.8 176 0.1 0.1 1.0 -37.0 189.3

32G (NT) O 08-Feb-2027 07:56 31470 -119 6.67 1.8 177 4.3 1.9 30.9 – –
34E23 I 11-Mar-2027 05:12 50 -50 4.02 0.4 148 4.1 1 14.5 50.4 196.2

35E24 O 25-Mar-2027 17:21 25 -80 3.92 3.4 133 4 1 14.2 77.8 186.4
36E25 O 08-Apr-2027 22:01 50 -87 3.90 6.2 118 7 2 24.8 70.0 238.2
38E26 O 03-May-2027 18:20 1106 -134 3.91 7.5 94 3 1 10.6 37.8 311.8
39E27 O 14-May-2027 09:43 3129 -141 3.89 8.2 85 1.5 2.6 25.3 – –
42C1 I 08-Jun-2027 16:14 250 86 2.92 18.2 64 2 3 33.3 – –

Crank Up, 45C2 I 12-Jul-2027 00:31 100 113 2.92 20.0 38 1 1 16.6 – –
Switch Flip, 46C3 I 28-Jul-2027 16:06 1712 62 2.93 21.2 25 0.5 0.5 8.3 – –

Pump Up 46C4 O 05-Aug-2027 22:38 951 51 2.96 20.8 19 3 4 50 – –
50C5 O 24-Sep-2027 23:21 250 58 2.96 14.8 19 2 3 33.3 – –
53C6 O 28-Oct-2027 07:27 108 73 2.98 3.2 45 2 3 33.4 – –
56C7 O 30-Nov-2027 16:17 2842 178 2.93 3.1 74 7.1 2.6 25.1 – –
59E28 I 25-Dec-2027 19:28 60 -110 3.76 0.3 97 3.1 1 11.1 70.0 52.3
60E29 O 05-Jan-2028 20:57 458 178 3.72 0.4 108 4.8 1.9 17.2 -2.6 319.4

62E30 I 23-Jan-2028 01:02 100 -146 3.81 1.3 125 3 1 10.6 33.3 37.4
63E31 I 02-Feb-2028 16:37 25 -151 3.80 2.7 137 7 2 24.9 27.8 22.6
65E32 I 27-Feb-2028 13:15 50 -179 3.78 2.6 164 4 1 14.2 -0.9 14.9

COT-3 66E33 I 12-Mar-2028 17:19 25 -107 3.83 5.4 178 7 2 24.9 62.7 324.2
68E34 I 06-Apr-2028 14:09 25 146 3.83 3.7 152 4 1 14.2 -33.0 17.3
69E35 O 20-Apr-2028 18:47 50 -153 3.82 4.8 137 7 2 24.9 23.1 340.6
71E36 O 15-May-2028 15:36 25 132 3.86 2.6 112 7 2 24.9 -46.0 357.2
73E37 O 09-Jun-2028 12:01 25 108 3.87 0.5 89 6.9 2 24.5 -70.9 351.0

75E38 I 03-Jul-2028 23:59 404 151 3.88 1.5 69 4 1 14.2 -28.8 23.4
76E39 I 18-Jul-2028 04:12 25 116 3.96 4.0 57 4 1 14.2 -61.4 1.4
77E40 I 01-Aug-2028 09:10 100 145 3.95 5.5 46 4 1 14.2 -30.8 359.8

COT-4 78E41 O 15-Aug-2028 14:10 100 179 3.95 5.4 35 4 1 14.2 1.4 359.4
79E42 O 29-Aug-2028 18:55 25 -150 3.96 4.0 24 4 1 14.2 29.8 358.4
80E43 O 12-Sep-2028 23:17 100 164 3.92 4.7 13 10 3 35.5 -13.0 333.6
83E44 O 18-Oct-2028 12:03 100 -112 4.02 2.1 14 10 3 35.5 64.7 355.0

EOM 86E45 O 23-Nov-2028 00:15 700 -67 4.06 0.2 42 1.9 1.1 13.8 67.1 135.5
88G5 O 06-Dec-2028 20:22 100 -78 6.46 5.1 54 N/A N/A N/A N/A N/A

Solar conjunction between E12/E13, C4/C5, and E43/E44. B-plane = B-plane angle relative to the satellite’s mean equator of epoch; V∞ = Hyperbolic excess
velocity; In/Out = inbound (I) or outbound (O) flyby; Incl. = spacecraft central body mean equator inclination with respect to Jupiter; m = integer number of gravity

assist body orbits; n = integer number of spacecraft orbits; NT = Non-targeted flybys. flyby naming convection is of the form MBN, where M = number of orbits
around Jupiter, B = flyby body, and N = sequential number of flyby body B.
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Figure 7. 14F8-S22 groundtrack plot at Europa. Color contoured by altitude. Closest
approach marked with an “x” and numbered according to Table 2.

(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 8. COT-1 Groundtracks

(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 9. COT-2 Groundtracks
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(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 10. Petal Rotational Groundtracks

(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 11. Switch-Flip Groundtracks

(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 12. COT-3 Groundtracks

(a) altitude contour

(b) local time contour
yellow: 09-15, orange: 06-09 & 15-18, red: 03-06 & 18-21, black: 21-03.

Figure 13. COT-4 Groundtracks
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(a) E9

(b) E10 (reverse-crank)

(c) E11 (repeat E9 groundtrack)

Figure 18. Example of reverse-crank for the COT-2 Groundtracks
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Table 4. Cost of adding flybys in the tour.

Option Cost

Reverse-crank ∆V ≈ 25 to 30 m/s
Increase the density of groundtracks per COT sequence* ∆V≈ 5 m/s per flyby
Add additional COT sequence ∆V ≈ 5 m/s per flyby in COT sequence
Add additional petal rotation transfers ∆V ≈ 5 m/s per flyby
Design decision point(s) in a priori Varies depending on the chosen route
*For a given orbit period, the number of flybys increases/decreases as V∞ increases/decreases, and for a
given V∞, the number of flybys increases/decreases as the spacecraft period decreases/increases.

to make any necessary updates. Although some adjustments to the tour are expected, we do not anticipate
major re-designs due to the instrument selection.

CONCLUSION

The Europa Mission would be a major step forward in understanding the habitability and existence of life
on Europa. The current set of candidate trajectories provides global regional coverage of Europa using multi-
ple Europa flybys over the course of about 3.5 years. Although an orbiter mission had been investigated in the
past and is often used to provide global coverage of a body, the current architecture meets the scientific goals
with lower risk and cost. This multiple flyby architecture would operate in a less compressed timeline and
allows for a much more agile and robust mission being able to react to unexpected anomalies or discoveries.
With the current operations strategy, the spacecraft only dips down to the higher radiation evironment when
collecting science data at Europa, then spends a majority of the time away from Europa and away from the
harsher radiation environment while downlinking the data. This strategry allows for higher total data return
than an orbiter, which would have a much shorter period to downlink. In addition, a flyby mission does not
have to perform a Europa orbit insertion maneuver which can range between 450-600 m/s, allowing more
mass allocation for science and shielding. Furthermore, the current flyby mission requires approximately one
year from JOI to the first Europa flyby. An orbiter mission would require additional time to get to Europa
(≈2.5 years), and mission duration at Europa would only be a few months. Lastly, since the spacecraft is
not in orbit around Europa, spacecraft disposal can be directed to other bodies, such as Callisto, or allow for
extended science campaigns after the primary mission.
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APPENDIX

Tour details for 15F9-A22 and 15F10-S22 can be found in Table A1 and Table A2, respectively.
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Table A1. Detailed 15F9-A22 tour summary.
Phase Flyby In Date Alt B-plane V∞ Incl. SEP m n Next enc. Lat W. Lon

/Out (ET) (km) (deg) (km/s) (deg) (deg) (days) (deg) (deg)

0G0 I 15-Jan-2030 00:40 300 5 7.97 5.1 62 28.3 1.3 202.2 – –
1G1 O 05-Aug-2030 06:01 649 176 6.27 5.1 95 8 1 57.3 – –

Pumpdown 2G2 O 01-Oct-2030 12:03 150 118 6.35 1.2 47 11 2 78.7 – –
4G3 O 19-Dec-2030 04:48 494 172 6.33 0.5 15 3 1 21.5 – –
5G4 O 09-Jan-2031 15:51 838 171 6.32 0.1 32 2 1 14.3 – –
6G5 O 21-Jan-2031 22:58 5023 174 6.31 0.3 44 3 1.8 24.0 – –

8E1 O 16-Feb-2031 22:00 1564 -26 4.01 0.6 63 4 1 14.2 26.2 214.9
9E2 O 03-Mar-2031 02:09 350 -75 3.91 3.2 76 4 1 14.2 73.4 178.4

10E3 O 17-Mar-2031 07:04 100 -49 3.92 5.2 89 4 1 14.2 44.7 180.4
COT-1 11E4 O 31-Mar-2031 11:58 100 -20 3.92 5.9 102 4 1 14.2 15.2 180.1

12E5 I 14-Apr-2031 16:53 50 14 3.92 5.2 116 4 1 14.2 -15.4 181.7
13E6 I 28-Apr-2031 21:48 25 48 3.92 3.0 130 4 1 14.2 -46.2 182.5
14E7 I 13-May-2031 02:44 98 79 3.92 0.6 144 4.1 1.1 14.5 -78.2 190.0

15E8 O 27-May-2031 14:55 100 84 4.03 3.0 160 4 1 14.2 -81.2 165.0
16E9 O 10-Jun-2031 19:15 50 51 3.94 5.2 175 4 1 14.2 -46.7 179.6
17E10 O 25-Jun-2031 00:02 50 18 3.94 5.9 170 4 1 14.2 -13.9 180.6

COT-2 18E11 I 09-Jul-2031 05:00 25 -16 3.94 5.0 154 4 1 14.2 16.9 181.5
19E12 I 23-Jul-2031 09:58 50 -48 3.94 2.8 140 4 1 14.2 47.1 182.3
20E13 I 06-Aug-2031 14:55 25 -82 3.93 0.3 125 4.1 1.1 14.2 80.4 191.9

21E14 O 21-Aug-2031 03:12 25 5 4.09 0.4 111 4.9 0.9 17.6 -5.5 205.1
22E15 I 07-Sep-2031 16:26 100 1 4.10 0.5 95 4.1 1.1 14.6 -1.1 156.9
23E16 O 22-Sep-2031 05:50 100 0 4.11 0.5 82 4.9 0.9 17.6 0.2 206.2
24E17 I 09-Oct-2031 18:55 100 0 4.10 0.5 67 4.1 1.1 14.6 -0.3 157.4

Petal 25E18 O 24-Oct-2031 08:14 100 0 4.09 0.5 55 4.9 0.9 17.6 0.2 206.2
Rotation 26E19 I 10-Nov-2032 21:21 100 0 4.10 0.5 41 4.1 1.1 14.6 -0.4 157.6

27E20 O 25-Nov-2032 10:37 100 0 4.06 0.5 29 4.9 0.9 17.6 0.1 206.0
28E21 I 13-Dec-2032 00:12 100 2 4.04 0.6 15 4.1 1 .1 14.5 -2.1 160.2

29E22 O 27-Dec-2032 12:23 499 -155 4.01 0.5 4 10 3 35.6 24.6 33.6
32E23 O 01-Feb-2032 01:54 100 158 4.30 0.6 24 12 4.4 42.5 -22.0 49.4
37C1 I 14-Mar-2032 13:52 300 -124 2.77 10.5 59 2 3 33.3 – –
40C2 I 16-Apr-2032 22:15 272 -149 2.78 12.4 87 1 1 16.6 – –

Crank Up, 41C3 I 03-May-2032 13:44 50 -81 2.79 18.6 102 1 1 16.7 – –
Switch Flip, 42C4 I 20-May-2032 05:21 1826 -64 2.79 19.8 118 0.5 0.5 8.3 – –

Pump Up 42C5 O 28-May-2032 11:39 554 0 2.76 17.7 126 1 1 16.6 – –
43C6 O 14-Jun-2032 03:08 154 -148 2.75 15.0 143 2 3 33.3 – –
46C7 O 17-Jul-2032 11:37 1653 -111 2.75 8.1 178 1 1.5 15.2 – –
48E24 I 01-Aug-2032 17:02 2470 134 3.76 7.2 166 3 1 10.6 -37.4 313.7
49E25 I 12-Aug-2032 08:09 100 88 3.78 4.4 154 7 2 24.8 -65.0 247.3

51E26 I 06-Sep-2032 03:30 100 -168 3.96 4.7 128 4 1 14.2 9.2 342.7
52E27 I 20-Sep-2032 07:47 50 -110 3.99 7.2 114 7 2 24.9 57.8 31.4
54E28 I 15-Oct-2032 04:30 25 161 3.97 6.1 91 4 1 14.2 -19.8 344.4

COT-3 55E29 O 29-Oct-2032 08:55 50 -148 3.97 7.5 79 7 2 24.9 25.3 19.9
57E30 O 23-Nov-2032 05:41 25 118 3.97 5.0 57 4 1 14.2 -52.9 335.0
58E31 O 07-Dec-2032 10:05 50 172 3.94 4.6 46 7 2 24.9 -9.7 18.9
60E32 O 01-Jan-2033 06:49 25 113 3.97 1.9 26 7 2 24.9 -65.0 4.8
62E33 O 26-Jan-2033 03:40 1049 47 4.02 0.5 6 7.9 2 28.0 -47.4 217.7

64E34 I 23-Feb-2033 04:50 50 104 4.03 2.4 16 4 1 14.2 -75.1 356.8
65E35 I 09-Mar-2033 09:41 25 126 4.03 4.6 27 4 1 14.2 -49.4 0.3
66E36 I 23-Mar-2033 14:32 50 151 4.03 5.8 38 4 1 14.2 -23.5 1.1

COT-4 67E37 O 06-Apr-2033 19:22 25 179 4.04 5.7 49 4 1 14.2 2.4 1.6
68E38 O 21-Apr-2033 00:13 50 -152 4.05 4.3 60 4 1 14.2 28.2 2.3
69E39 O 05-May-2033 05:04 25 -124 4.06 2.0 72 4 1 14.2 54.0 3.2
70E40 O 19-May-2033 10:03 308 -91 4.10 0.7 84 7.6 1.6 26.9 85.4 309.7

EOM 72C8 I 15-Jun-2033 07:45 0 0 531 0.8 107 N/A N/A N/A N/A N/A

Solar conjunction between G2/G3, E21/E23, and E33/E34. B-plane = B-plane angle relative to the satellite’s mean equator of epoch; V∞= Hyperbolic excess
velocity; In/Out = inbound (I) or outbound (O) flyby; Incl. = spacecraft central body mean equator inclination with respect to Jupiter; m = integer number of gravity

assist body orbits; n = integer number of spacecraft orbits; NT = Non-targeted flybys; flyby naming convection is of the form MBN, where M = number of orbits
around Jupiter, B = flyby body, and N = sequential number of flyby body B.
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Table A2. Detailed candidate version 15F10-S22 tour summary.
Phase Flyby In Date Alt B-plane V∞ Incl. SEP m n Next enc. Lat W. Lon

/Out (ET) (km) (deg) (km/s) (deg) (deg) (days) (deg) (deg)

0G0 I 04-Mar-2025 22:50 500 0 8.06 3.6 88 28.3 1 202.3 – –
1G1 O 23-Sep-2025 05:36 150 -172 6.41 3.5 69 7 1 50.1 – –

Pumpdown 2G2 O 12-Nov-2025 07:51 100 -136 6.46 0.3 115 4 1 28.6 – –
3G3 O 10-Dec-2025 22:25 3540 -177 6.42 0.1 145 3 1 21.5 – –
4G4 O 01-Jan-2026 09:38 100 -173 6.46 0.5 170 10.9 2.9 38.8 – –

7E1 O 09-Feb-2026 04:48 6572 -9 4.16 0.6 146 4 1 14.1 – –
8E2 O 23-Feb-2026 08:13 100 -75 3.94 3.0 131 4 1 14.2 72.6 181.6
9E3 O 09-Mar-2026 13:08 100 -48 3.95 4.9 116 4 1 14.2 43.4 179.2

COT-1 10E4 O 23-Mar-2026 18:04 50 -19 3.95 5.7 102 4 1 14.2 14.1 178.3
11E5 I 06-Apr-2026 23:00 50 15 3.94 4.8 89 4 1 14.2 -16.0 177.4
12E6 I 21-Apr-2026 03:52 25 47 3.94 2.7 77 4 1 14.2 -45.7 176.8
13E7 I 05-May-2026 08:46 25 79 3.93 0.3 65 4.1 1 14.5 -77.3 170.9

14E8 O 19-May-2026 20:46 100 81 3.96 2.9 53 4 1 14.2 -79.0 187.4
15E9 O 03-Jun-2026 01:42 25 54 3.97 5.1 42 4 1 14.2 -49.8 180.2

16E10 O 17-Jun-2026 06:36 50 26 3.97 6.2 31 4 1 14.2 -21.1 179.2
COT-2 17E11 I 01-Jul-2026 11:30 25 -5 3.97 5.8 21 4 1 14.2 7.1 178.9

18E12 I 15-Jul-2026 16:14 100 -17 3.99 5.0 10 11 3 39.1 18.2 189.3
21E13 I 23-Aug-2026 17:44 100 -86 4.00 2.3 19 4 1 14.2 73.8 127.3
22E14 I 06-Sep-2026 22:17 25 -54 4.04 0.6 29 7.1 2 25.3 54.1 204.5

24E15 O 02-Oct-2026 05:12 50 3 4.08 0.5 49 8.9 2 31.7 -3.4 148.6
26E16 I 02-Nov-2026 21:10 2608 0 4.13 0.5 76 4.1 1 14.6 -0.2 208.5
27E17 O 17-Nov-2026 10:40 25 0 4.08 0.5 89 4.9 1 17.6 0.0 155.2
28E18 I 05-Dec-2026 00:09 25 0 4.08 0.5 106 4.1 1 14.6 0.3 201.7

Petal 29E19 O 19-Dec-2026 13:23 100 0 4.09 0.5 121 4.9 1 17.6 -0.1 153.9
Rotation 30E20 I 06-Jan-2027 02:42 25 -1 4.07 0.5 139 4.1 1 14.5 1.2 201.4

31E21 O 20-Jan-2027 15:48 50 9 4.05 0.1 156 5 1 17.7 -9.2 154.9
32E22 I 07-Feb-2027 07:29 50 36 3.92 1.7 176 0.1 0.1 1.0 -35.1 188.7

32G (NT) O 08-Feb-2027 07:59 31073 -123 6.66 1.7 177 4.2 1.9 15.0 – –
34E23 I 11-Mar-2027 05:17 100 -49 4.01 0.4 148 4.1 1 14.5 49.5 196.4

35E24 O 25-Mar-2027 17:29 25 -80 3.93 3.4 133 4 1 14.2 78.2 186.7
36E25 O 08-Apr-2027 22:08 50 -88 3.91 6.2 118 7 2 24.8 70.2 239.9
38E26 O 03-May-2027 18:27 1140 -130 3.92 7.6 94 3 1 10.6 40.7 308.0
39E27 O 14-May-2027 09:48 3215 -139 3.90 8.3 85 1.5 2.6 25.3 – –
42C1 I 08-Jun-2027 16:48 250 86 2.93 18.3 64 2 3 33.3 – –

Crank Up, 45C2 I 12-Jul-2027 01:06 100 114 2.93 20.1 38 1 1 16.6 – –
Switch Flip, 46C3 I 28-Jul-2027 16:41 1633 62 2.93 21.2 25 0.5 0.5 8.3 – –

Pump Up 46C4 O 05-Aug-2027 23:12 911 50 2.97 20.8 19 3 4 50 – –
50C5 O 24-Sep-2027 23:56 552 60 2.97 15.6 19 2 3 33.3 – –
53C6 O 28-Oct-2027 08:03 100 70 2.98 4.2 45 2 3 33.4 – –
56C7 O 30-Nov-2027 16:56 2791 169 2.94 3.0 74 7.1 2.6 25.1 – –
59E28 I 25-Dec-2027 19:20 100 -111 3.82 0.3 97 3.1 1 11.1 68.9 52.0
60E29 O 05-Jan-2028 21:21 488 177 3.78 0.4 108 4.8 1.9 17.2 -2.5 318.0

62E30 I 23-Jan-2028 00:58 100 -145 3.86 1.3 125 3 1 10.6 34.3 38.5
63E31 I 02-Feb-2028 16:32 100 -149 3.86 2.7 137 7 2 24.9 29.0 24.3
65E32 I 27-Feb-2028 13:04 50 -168 3.85 3.2 164 4 1 14.2 9.5 15.6

COT-3 66E33 I 12-Mar-2028 17:38 25 -154 3.88 4.3 178 4 1 14.2 22.5 359.2
67E34 O 26-Mar-2028 22:37 100 168 3.88 3.6 164 4 1 14.2 -13.4 358.5
68E35 O 10-Apr-2028 03:35 50 131 3.89 1.5 148 4 1 14.2 -48.6 357.8
69E36 O 24-Apr-2028 08:19 25 143 3.88 0.5 133 6.9 2 24.5 -37.8 336.6

71E37 I 18-May-2028 12:14 100 143 3.87 0.5 109 4 1 14.2 -37.3 21.0
72E38 I 02-Jun-2028 00:40 50 124 3.92 1.5 96 4 1 14.2 -53.3 0.0

COT-4 73E39 I 16-Jun-2028 05:30 25 155 3.93 4.0 84 4 1 14.2 -21.3 358.7
74E40 O 30-Jun-2028 10:19 50 -171 3.94 5.5 72 4 1 14.2 10.8 358.3
75E41 O 14-Jul-2028 15:09 100 -137 3.95 5.4 60 4 1 14.2 41.4 357.3
76E42 O 28-Jul-2028 19:55 155 -103 3.96 0.2 49 2.4 2.8 40.9 75.6 0.9

EOM 79C8 I 07-Sep-2028 16:58 50 -112 6.46 5.2 17 N/A N/A N/A N/A N/A

Solar conjunction between E12/E13 and C4/C5. B-plane = B-plane angle relative to the satellite’s mean equator of epoch; V∞= Hyperbolic excess velocity; In/Out =
inbound (I) or outbound (O) flyby; Incl. = spacecraft central body mean equator inclination with respect to Jupiter; m = integer number of gravity assist body orbits; n
= integer number of spacecraft orbits; NT = Non-targeted flybys. flyby naming convection is of the form MBN, where M = number of orbits around Jupiter, B = flyby

body, and N = sequential number of flyby body B.

19


	Introduction
	Mission Design Approach
	Interplanetary Trajectory
	Satellite Tour
	Comparisons to other Tours
	Mission Robustness
	Future Work
	Conclusion
	Acknowledgment
	Appendix



