The primary goals of Approach Phase are to optically acquire Bennu from approximately 2 million km away, BENNU LIGHT CURVE OBSERVATIONS
A p p RO A( I -I , o , , o BENNU PHASE FUNCTION OBSERVATIONS (PART 1) et 1
to collect imagery to begin deriving the first shape model (75 cm), the coordinate system and Bennu's spin Full Rotation Phase Function | Daily Phase Function MapCa
- : : : Sept 27, Oct 16 Oct2-Nov 9 . : -
csmere N SCIENCE PHASE PLAN « AUGUST-DECEMBER 2018 | state, and to search the space immediately surrounding Bennu for dust/gas plumes and natural satellites. VepGar VapGa Procuce ot gt uresof B by ez
* Produce four phase functions of Bennu by measuring changes in light rotation periods. Measurements will be in four
flected from Bennu's surf the asteroid is illuminated from different distinct wavelength regions that can be compared
DUST PLUME SEARCH OBSERVATIONS ;%g?gse Mgggjre?nnennlig viilflrl?g?na%ur%igar?gto :Na\l/selle#gTI:n?egionrsotrﬂat Icaenret?e ASTEROID wlithI obs\tlavrv\éltionsg of ret?(;gnized ECAS standardpstars
’SDEZE g;m% MapCam compared with observations of recognized ECAS standard stars in the b, v, w, APPROACH inthe b, v, w, and x ECAS filters.
APPROACH PHASE BEGINS and x ECAS fiters. MANEUVER 1 These observations will i derstanding of
Aug 17 » Search for dust and gas plumes originating from the asteroid surface, and characterize their These observations will provide information on Bennu's albedo and the way Oct 1 Be?]ii’g Sr%rt\ftli(l)?lnssﬂtelngﬁg Sevgrr;aggsng n ilnngi?s
FIRST IMAGE source regions and column densities. light is reflected from the asteroid’s surface at different angles. Main Engine longitudinal albedo — and will allow comparison to
OF BENNU Information cr)]n the Ipre_sence and '093tr']9” of dlISth and gas pIume§ |fs needed tlo a§sess|saf§ty, Data Products: Phase Function Photometry and Models, Phase Function : psep;adcera;raame St i e o : [i%e(ljcfglgtle known asteroid taxonomies.
AUg 17 understand the geologic and dynamic history of the asteroid, and inform sample-site selection. Mode! Parameters, Bennu Point Spread Function, Contribute to Global o Bemnu /| the spacecraft and begin+ \ t, genny /| Data Products: Bennu Photometry, Temporal and Phased
PolyCam Data Product: Dust Plume Image MapCam Photometric Model final Bennu approach. Light Gurve Parameters, Light Curve Parameters
R
(N7 =
% 714.9 mil 1.8 mil 1.7 mil 1.6 mil 1.5 mil 1.4 mil 1.3 mil 1.2 mil 1.1 mil 11 mil | 900k | 800K | 700k | 600K | 500k | 400k | 300k | 200k 100k | 7k
AUGUST SEPTEMBER OCTOBER
SPACECRAFT RANGE (KM)
Dates subject to change

BENNU PHASE FUNCTION
OBSERVATIONS (PART 2)
Full Rotation Phase Function | Daily Phase Function
Sept 27, Oct 16 Oct2-Nov 9
MapC MapCam
et i NATURAL SATELLITE SEARCH OBSERVATIONS
« Produce four phase functions of Bennu by measuring changes in light | SAMPLE MASS Oct 23, 24, 25, 27, 28, 30, 31, Nov 10, 11
reflected from Bennu's surface as the asteroid is illuminated from different | MEASUREMENT 3 & PolyCam
angles. Measurements will be in four distinct wavelength regions thatcanbe | TAGSAM COVER . — .
compared with observations of recognized ECAS standard stars in the b, v, SAMPLE MASS " Detect natural satelltes larger than 10 cm in diameter with an albedo
ASTEROID APPROACH T : EJEGTION MEASUREMENT 4 greter han 3%. TAGSAM RELEASE & DEPLOY
MANEUVER 2 ' ' ; Oct 18 DRI A, Information on th d orbit of satellites is needed t o Joi2s
Oct 15 These observations will provide information on Bennu's albedo and the way | SPacecralt & TAGSAM TAGSAM & Spacecrat MANEUVER 2A rormaion on tho prosanice and orort o1 SatGties 15 N6ACed 10 d5365s salely. TAGSAM
W e L : o , If satellites are detected, the asteroid’s gravity field can be mapped in detail BENNU VISIBLE AT
Main Engine light is reflected from the asteroid's surface at different angles. Spin spacecraft to collect data via : Oct 22 . : , . .
: : * Spin spacecraft to collect before Arrival and the dynamical history of Bennu can be better * TAGSAM released by the firing of 5 Frangibolts. 30 PIXELS ACROSS
Spacecraft o - Spacecraft Data P . Phase E Ph Models. Phase F sample mass measurement procedure. , TCM Thruster
S Deterministic burn to continue A ata Products: Phase Function Photometry and Models, Phase Function data on the spacecraft's mass understood. « TAGSAM deoloved: elb el Oct 26
{0 Bennu approach and compensate for {0 Bennu Model Parameters, Bennu Point Spread Function, Contribute to Global |+ Eject protective cover shielding and to confirm TAGSAM Contingency maneuver to cleanup Data Products: Astrometry of Confirmed Satellites. Photometry of Confirmed ] pr doye - CIDOW, WIS, and shoulder PolyCam
potential AAM-1 execution errors. MapCam Photometric Model TAGSAM head. cover eiect potential AAM-2 execution errors. dld FTOCUCIS: ASTOmetry OF LOMITMEC SalSHIES, FOIMELry 0f LOntirme moved o parked position.
Ject. Satellites, Map of Region around Bennu with Faint Detectable Satellites S
7,000 16,650 16,300 15,950 15,600 15,250 14,900 14,550 14,200 13,850 13,500 13,150 12,800 12,450 12,100 14,750 11,400 11,050 1700 1350
100% PROGRESSION OF
- LEVEL1 SCIENCE FULL-DISK INTEGRATED SPECTROSCOPY OBSERVATIONS
807 REQU'REMENTS NOV2, 3, 5,9 TAGSAM ARM DEPLOYMENT & "VlAGlNG
: BY PHASE OVIRS & OTES (PolyCam Ride-Along) POLYCAM SHAPE MODEL OBSERVATIONS Nov 14
70:0 « Measure the integrated spectral properties of Bennu over one rotation period to ﬁg/\;/g’n;s’ 16,19, 23, 25,21, 29, Dec 1, 2 TAGSAM, Sambam, Navbams
60% detect spectral features with > 5% absorption depth. oo " oo ' ol it creater than 1 il : uf * TAGSAM articulated through its full range of motion. SamCam and
50% : : . : - * Produce a 75cm center-of-figure shape model with greater than 1 million vector resolution NavCams execute both pre- and post-TAG imaging campaigns.
. * For one Bennu rotation period, measure fluxuations in thermally-emitted radiation : : L : : : : .
0% | {0 derive the thermal inertri)a of Benn y * Designate a prime meridian and define the coordinate system Sequence ends with TAGSAM in parked position. OVIRS PHASE FUNCTION OBSERVATIONS
- ! I T-SOURCE PROPERTIES ' » Determine the rotation pole and its wobble to within 1° Dec 9
° YARKOVSKY EFFECTS ASTEROID » PolyCam imaging for context. * Measure the rotation period to VI_nthln 10 seconds 5 _ | SAMPLE MASS MEASUREMENT 5 & 6 OVIRS & OTES
20% | OPERATONALENVROUNENT APPROACH Tliese alisenslons on SoE v o i [oks el o ﬁsl-\TI\IIEEUO\;E I4\3PII-\:R0ACH ASTEROID APPROACH « For more than 80% of the asteroid surface, produce a set of digital terrain models that informs the 75cm shape model. Nov 17 18 Plgéllillllsvlljl‘lﬁ\%g 0 | . .
0% 4 DENSITY AND GRAVTY. MANEUVER 3 longitudinal surface variations and allow for direct comparison with telescope data. | "% MANEUVER 4 The center of figure is needed to define the coordinate system and to determine variations in density. The prime TAGSAM & Spacecraft SURVEY * For at least 80% of the asteroid surface, map .dlfferencesom
O:I SHAPE Oct 29 Bulk thermal inertia data inform the Yarkovsky model and provide a reference point Ag\g Thust Nov 12 meridian and the rotation pole location are also needed to define the coordinate system, which is used to co-register o . spectral properties in regions where the albedo is at least 1%.
AR, R SAMIPLESITE TCM Thrusters for measurements from specific locations. USIETS ACS Thrusters all data products. Pole orientation is critical to determine surface acceleration distribution. Pole wobble is needed to InSs,;/lri\l/lp?i.nzpclgnsfipgatfrz(t:irgrf]t with TAGSAM arm deployed 105 8 [T Thl\:ggtesg These spectra will help assess the effects of space weathering
Deterministic burn to continue | Data Products: OTES Rotationally Resolved Spot Mineral/Chemical Abundance, Clontlngen0¥ mtellnle/li\gel\r/lt% Deterministic burn to continue understand fany re(ien_t pf(zjr.tur.bbatlpn L thde astfermdssplm state. The rotation period is needed o efine the coordinate b - on the asteroid surface. BENNU ARRIVAL
approach and compensate for | OVIRS Rotationally Resolved Mineral/Chemical Parameter Strength, Rotationally ceanlip potentia ) approach and compensate for System, suriace velocity distribution, and surtace accelerations. .'SMMG' Sp'.n spapecraft with TAGSAM arm deployed RSl bl.”n. to set up for Data Products: OVIRS Photometric Models Dec 3
potential AAM-2 execution errors. | Resolved Thermal Inertia CXECULIoN errors. potential AAM-3 execution errors. Data Products: Suite of Products in SMM configuration. Prefiminary Survey. ©
> I I I I I . \ i |
1340 1330 1320 1310 1300 | 290 | 280 1270 | 260 1250 | 240 1230 | 220 1210 1200 | 190 | 180 1170 | 160 1150 1140 1130 1120 1110 | 100 |90 |80 |70 |60 |50 |20 |30

NOVEMBER DECEMBER




