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a pathfinder mission for the development of small, science-driven, high-risk, high-reward planetary science missions. For these types of missions, the overall project profile (e.g. lower budgets, tighter schedules) can accept a greater level of risk, however, the types of destinations for these
missions may be more limited to Earth, the Moon and Mars as there are more regular and repeated launch opportunities. Looking forward, small spacecraft missions for planetary science that are much smaller in scope than Discovery or New Frontiers will provide benefits to both NASA and
prospective Pls. These missions are well-positioned to complement the science of larger missions. Here we describe the LunaH-Map spacecraft subsystems, mission profile and present the scientific capabilities of this novel mission. To date, LunaH-Map has met all mission milestones, passed all

design reviews, and is currently in integration and test.
. L Spacecraft Information Prospective study
M 1SSI0ON Ba Ckg roun d & O bJ eCtlves The LunaH-Map spacecraft is equipped with [3, 4]: End-to-end modeling of time-series counting data acquired by the Mini-NS supports design

* LunaH-Map was selected by the Small Innovative Missions for PlLanetary Exploration * Gimbaled solar arrays (MMA Designs) of orbital OF{eratiof‘S and Ol?timization of methods for.hydrog(?n map!oing (See [7-9] ff)r
(SIMPLEX) program in late 2015 and is co-manifested on SLS along with twelve other 6U-sized * 3reaction wheels (Blue Canyon Technologies) methods). Simulations consider a range of prospective orbital trajectories and trial
spacecraft conducting their own independent investigations and technology demonstrations.  Star tracker (Blue Canyon Technologies) distributions of sub-surface hydrogen. Here we show example results assuming hydrogen is

distributed uniformly within permanently shadowed regions (PSRs) based on illumination
modeling [10] (Fig. 12 A, below).

The prospective orbits dip well below Lunar Prospector’s nominally 30-km orbital altitude
[11], enabling high-spatial resolution measurements of hydrogen near the south pole. See

e X-Band Iris radio (JPL)
e Command and data handling system (Blue Canyon Technologies)
 Power control system (Blue Canyon Technologies)

* Neutron sp.ectrometer.array (RMD, Catholic U, ASU) example orbits (red and blue) in A and B and mapped orbital altitudes in C. Contributions of
* Low-thrust ion propulsion system (Busek) PSRs to the response of the Mini-NS — assuming uniform surface composition - show that
Table 2: LunaH-Map spacecraft specifications large PSRs can be resolved (B and D). The maps of corrected epithermal neutron counts in E
, and F include counting statistics and assume the PSRs contains 1000 ug/g hydrogen [H] [cf.
12 x 24 x 37 cm (to fit 12 13]. Regi ith d g indicati | d H g | PSR
Dimensions: within Planetary Systems , 13]. Regions with decreased counts indicating elevated [H] correspond to large s (e.g.
Science Objective: (stowed) Corporation 6U+ Shoemaker) and clusters (e.g. Cabeus) (arrows). Work is underway to assess candidate
dispenser) mapping/analysis procedures to maximize hydrogen sensitivity.
08
Mass 14 kg B Shoemaker ¢
- . Svordrup 08 =
Tech ObJECt|VES: Power 151.2 W-hr max Battery §
U4
_ _ 8
Fig. 1: The LunaH-Map flight spacecraft Propulsion Busek BIT-3 lon Thruster o:g
during fit-check assembly in Nov 2019. , o
JPL Iris Deep Space
Comm. _- 00
Transponder E ao
Science Payload: Mini-NS 3= T
y . C&DH / GN&C BCT XB1-50 E 2
* The neutron spectrometer (called the Mini-NS) is a Cs,LiYCl;:Ce (CLYC) based scintillation gf
detector shown in Figs. 2 & 3 [1, 2]. The ®Li(n,a)t reaction in CLYC allows the Mini-NS to detect s w
neutrons [2]. B N I N R
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e Eight Gd-shielded CLYC modules (Figs. 4 & 5) make up the full 2x4 Mini-NS detector array. ! I I I l
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* A technique called Pulse Shape Discrimination (PSD) is used to distinguish between neutron and 1 o~ i

gamma-ray events (Figs. 6 & 7). Table 1: Mini-NS flight instrument specifications
Subsatellite D PSR
* The Mini-NS is located on the nadir face of the S 2x4 array of 4.0cm x 6.3cm x 2cm conkibution
LunaH-Map spacecraft. CLYC Detectors
. The‘ Mini-NS was calibrated at the Lo§ AIar.n-os - Epithermal (E>0.3 eV) neutrons; Gd
National Laboratory Neutron Free In-Air Facility | S€nsitivities shield
in December of 2018.
Dimensions 25cm x 10cm x 8cm
Mass 3.2kg (measured)

Flight operations
3.5W (AVG standby for 2 detectors),

15W (AVG nominal for 2 detectors) |*® After deployment from SLS, LunaH-Map will maneuver using a low-thrust
ion propulsion system to perform a lunar flyby targeting L2 [5, 6].

Data AcTimes | Counts binned every 1 second * Once captured, LunaH-Map will spiral down to an elliptical low-altitude E T - Corrocted
science orbit with perilune above the lunar South Pole (10-20 km altitude). -

Power

14 Bytes/Sec (50 kB/sec stored

Data Rate : . a2
. locally) Table 3: LunaH-Map science phase specifications [6]
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verses the energy deposited in equivalent electrons Guidance, Navigation, & Pointing Stability 1 arc-sec/ 1-sec
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