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volatile-rich bodies in the main asteroid belt. High precision isotopic T2 T/2+10n | an ET qalon T2
measurements wiII_be carried out using a state_-of-the-art mass spectrometer to — _ - Figure 4. Observation collection scheme

determine the relative abundances of key volatiles and shed light on the original Mission phase Date Duration Description

formation of water and its delivery mechanisms towards the inner solar system. Arrival at 288P 01 March 2032 - Rendezvous with MBC 288P Dynamical model

— S— T e [ 12 polrorons s aradus a0kt [ Snamieal mace usec i e sy afons ineuees
\ Scientific Goals . Up to 12 polar orbits at a radius of 10 km with . .
Orbital phase | 04 September 2032 | -6 weeks | . - * Point mass gravity from the Sun and all solar system planets.

| | Determine where MBC ices formed: the inner solar system, giant planet formation region or outer increasing 3 angle at 15° steps.
solar system. Departure 16 October 2032 - * Full degree 10 gravitational harmonics of 288P primary, obtained assuming
2 | Determine at what temperature the MBC ices formed, and whether they are pristine or evolved. S uniform density and a scaled polyhedral shape model from comet Tempel-1.
3 | Determine whether MBCs have a nitrogen signature more like Earth or outer solar system values. Table 2. Proteus main scientific goals - Non gravitational accelerations (NGA) due to solar radiation pressure and
4 E:SLE;TE f'(\)/'rBC%rf]hﬁiiggL%rgtrx;gﬁscsg]detigfgggi‘t’g‘rgg:”rface composition and geomorphology g g ! | | | | | | | comet outgassing. In particular, NGA from outgassing was assumed to act
Sctormie 1 1 pt S _ ' - F———— O O T RO A W I | S T e | mostly in the radial direction and was modelled using a constant a-priori
etermine | € outgassing IS 1rom diruse regions or speciic sources and estimate the aus g : ) § — ApE : 5 B : s Kpe’d . - .
5 scattering properties. R ; N\ | oo uncertainty for the orbital phase and a stochastic one for the flybys
Table 1. Proteus main scientific goals | | ' | . _______ 4 Prelimin ary Results
2. Proteus radio science investigation ' Joncooie Figure 5 shows the estimated formal uncertainties for the GM of 288P as a
The Proteus radio science investigation (RSI) is a system level experiment function of the number of arcs dedicated to radio science. These results already
crucial to the accomplishment of Sgcience Goal 4 (seeyTabIe 1) Precl?se orbit Include a safety factor of 10 to account for simplified dynamical modeling (in
— P . : ' particular due to outgassing) and other unaccounted factors such as momentum
determination of the spacecraft provides a direct measurement of the MBCs ~ —speiad nereasingBibbind s os b N\ L dumoing and orbit correction Maneuvers
mass, which can be combined with detailed shape reconstruction to determine PIng '
the bulk density of the target (strictly coupled with porosity and ice abundance). | : : : : vowsolesB 2880 M Estimate Uncerainty
The Corresponding key requirement for the RSI iS to estimate the target maSS, _10_ ....... | | ....... g ‘ ‘ : 19 3_5e-081e_8 ' 288PGMEstim|ateUncertainty .
With a relatlve formal uncertainty below 10%’ WhiCh aIIOWS for a mlnimum _:110 _|5 (I) é 1|0 _'10 _15 (1) é 1|0 3e-08| - | ...... e _________ ........ ........ ........ ....... ....... ...... ...... ...... -0.07 N 1o,
density uncertainty of 30%. R S L) %{Tio Suh) (jm) el M e
. . . . . Figure 3. Proteus polar orbit geometry in the RTN reference frame. Top view (left) and side view ) B T ' 5
The ability to meet the gravity science objectives of the Proteus mission S P & Y right] pview (left) - 0. - | e
has been assessed by means of detailled numerical simulations using ; 0. : | B . e
MONTE (NASA/JPL) COde Data selection ) i — 17 : 1%
A covariance analysis was carried out using a multi-arc approach, The main observables used in the analysis are:
comparing different geometric conditions and operating scenarios, in order . Two-way Doppler data (X/X) obtained from frequency shift of a highly stable NiIRNEN L m 8§
O terive some operational requirements auring earty design phases. microwave carrier between the spacecraft and the stations of NASA's Deep o e e e | | |
| | Space network (DSS-25, DSS-34 and DSS-55). A constant white noise of ~ Figure 5. GM formal uncertainties for the flyby (right) and orbital (left) scenarios.
= a1 ’ | 10 um/s at 60 s integration times was applied as result of an accurate noise
""""""""""""""""""""""""""""""""""" = e e budget from the experience with Cassini Ka-band data [2] (see Figure 2). 5 Conclusions & Future Work
____________________________________________________________________________________ ) _Sample and Iine_coordinates of target surface Ian_dmarks ta_ken from optical Our results show that the target accuracy requirements for the GM estimation
| | | | ' | | e - Images of a nadir pointing camera. A constant noise of 2 pixels along each are satisfied after a single arc for both the flyby and orbital mission scenarios,
> £ direction was _applled, consistently with Rosetta data. Onl})/ Coordlnat_es of the with relative formal uncertainties of roughly 7.5%. The introduction of additional
A g : landmark having a sun-target-probe angle of less than 90° were retained. arcs allows for a significant improvement of the accuracy and puts an additional
3 During the flyby phase, Doppler measurements were taken at the beginning and constraint on a number of other dynamical parameters of scientific interest,
""""""""""""""""""""""""""""""""""""""""""""""" | end of each arc and at closest approach (C/A), while optical images were including the extended gravity field and the rotational state.
| 5 ; g ; [ T e R R collected with a 30 minute frequency during the rest of the arc (see Figure 4). Future work will focus on the introduction of more complex dyncamical models
. —— S = ] A similar approach was used for the orbital phase, this time foreseeing three 8h for the non-gravitational accelerations.
Io 5 1o 2 Y i downlink sessions equally distributed along the arc.
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Figure 1. Proteus flyby geometry Figure 2. Proteus Doppler noise budget
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