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A B S T R A C T

SpaceIL’s lunar lander mission Beresheet was launched on February 22, 2019 and impacted its targeted landing
site in Mare Serenitatis on the Moon on April 11, 2019. The spacecraft carried a package of scientific instruments
including a fluxgate magnetometer and a retroreflector array for laser ranging, as well as a suite of cameras.
Orbital measurements of the magnetic field from Kaguya and Lunar Prospector guided the selection of the landing
site to a location west of Posidonius crater in the Serenitatis plains, where the magnitude of the modeled magnetic
field reaches 8–10 nT at the surface. Data was collected by the SILMAG magnetometer from Earth orbit, lunar
orbit, and during the descent maneuver, although its interpretation is hindered by the presence of a spacecraft
field.
1. Introduction

SpaceIL’s lunar lander mission named Beresheet (meaning ‘in the
beginning’ or ‘Genesis’ in Hebrew) is the first Israeli mission beyond
Earth orbit. SpaceIL is the organization established in 2011 originally to
compete this mission in the Google Lunar XPRIZE (GLXP) competition,
itself aimed at stimulating lunar exploration. The GLXP challenged non-
governmental teams to land an unmanned robotic spacecraft on the
Moon, travel 500 m, and transmit high-definition video and images back
to Earth.

SpaceIL progressed to the final stages of the competition, which offi-
cially ended in March 2018 without a winner. However, SpaceIL had
decided to complete the mission independent of the competition and an
early 2019 launch date was set. The project was supported by the Israel
SpaceAgency(ISA), the IsraelMinistryof ScienceandTechnology (IMOST),
and the Israel erospace Industries (IAI), among others (Gibney, 2019).
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The spacecraft was launched on February 22, 2019 onboard a SpaceX
Falcon 9 vehicle from the Kennedy Space Center in Cape Canaveral,
Florida. The mission consisted of three phases: multiple Earth orbits
followed by lunar orbit insertion, a soft-landing maneuver, and station-
ary operation on the Moon’s surface. Besides being the first Israeli
spacecraft to leave Earth orbit, the mission included several science
investigation goals which will be described below.

Themain stages of mission timeline are outlined in Table 1 and shown
in Fig. 1. Shyldkrot et al. (2019) outlines the trajectory, the maneuver
strategy, and the navigation plan.

2. Scientific motivation

The primary scientific objective of the SpaceIL Beresheet mission was
to measure regional and local magnetic field variations in order to
improve our understanding of the Moon’s current and past magnetic
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Table 1
Beresheet’s mission timeline.

Date and Time, UTC Event Description

Earth orbit
22.02.2019 01:45 Launch from the Cape Canaveral Space

Launch Complex 40 (SLC-40)
by SpaceX Falcon 9

22.02.2019 02:18 Separation
24.02.2019 11:29–11:29 Apogee Maneuver (AM2):

Elliptical orbit around Earth (apogee
70,000 km, perigee 650 km)

28.02.2019 19:29–19:33 Perigee Maneuver (PM1): orbit
correction,
Elliptical orbit around Earth (apogee
133,000 km, perigee 650 km)

07.03.2019 12:57–12:59 Perigee Maneuver (PM2): orbit
correction,
Elliptical orbit around Earth (apogee
270,000 km, perigee 1000 km)

19.03.2019 12:29–12:29 Perigee Maneuver (PM3):
Elliptical orbit around Earth (apogee
430,000 km, perigee 1300 km)

20.03.2019 12:29–12:29 Orbital Plane Maneuver (OPM): orbit
correction,
Elliptical orbit around Earth (apogee
420,000 km, perigee 1300 km)

01.04.2019 05:59–06:00 Trajectory Correction Maneuver
(TCM1):
Elliptical orbit around Earth (apogee
430,000 km, perigee 2000 km)

Moon orbit

04.04.2019 14:18–14:23 Lunar Orbit Insertion (LOI1):
completion of lunar capture maneuver, entering
elliptical orbit around the Moon
(apocenter 10,246 km, pericenter 450 km)

07.04.2019 01:36–01:40 Lunar Orbit Insertion (LOI2): orbit correction,
elliptical orbit around the Moon
(apocenter 750 km, pericenter 470 km)

08.04.2019 04:48–04:48 Lunar Orbit Insertion (LOI2A): orbit correction,
Elliptical orbit around the Moon
(apocenter 750 km, pericenter 210 km)

09.04.2019 05:32–05:33 Lunar Orbit Insertion (LOI2B): orbit correction,
Nearly circular orbit around the Moon
(apocenter 210 km, pericenter 200 km)

Lunar landing
10.04.2019 16:40–16:40 Descent Maneuver (DM1)
11.04.2019 19:23 Impact
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environment. Measurements of magnetization of the lunar crust were
planned from orbit, during landing and on the surface of the landing site.
These objectives thus influenced the selection of the landing site.

The scientific payload of Beresheet lander is comprised of two in-
struments, whose installation positions on the spacecraft are shown in Fig. 2.
The first is a SpaceIL fluxgate Magnetometer (SILMAG), provided by the
University of California, Los Angeles. The second is the Laser Retroreflector
Array (LRA), providedbyNASAGoddardSpaceFlightCenter (GSFC) (Fig. 3).

The LRA is a set of eight mirrors mounted into a dome-shaped
aluminum frame (Sun et al., 2019), such that it reflects a laser beam
back in the direction of its source. Specifically, LRA was designed such
that reflections of pulses from a lidar such as the Lunar Orbiter Laser
Altimeter (LOLA) would enable precise ranging between Beresheet and
an orbiting spacecraft in the decades following the Beresheet landing.

In addition, six 8-megapixel CCD cameras (Imperx Bobcat B3320C)
with Ruda optics and two sets of video processors for redundancy (5
panoramic cameras and a self-pointing camera) were integrated on the
spacecraft, providing images intended for public engagement as well as
scientific interpretation of the landing site.

3. The SpaceIL magnetometer

The SILMAG instrument was constructed using heritage designs from
the Space Technology 5 (ST5) NASA mission (Strangeway et al., 2002;
2

Russell et al., 2019). Further engineering assistance in calibration and
testing was obtained from the Ben-Gurion University of the Negev. The
fluxgate instrument design was selected due to its electronic simplicity,
compact size, small weight, and low power consumption (Russell et al.,
2016; Banfield et al., 2018). The instrument is a triaxial magnetometer
with accuracy of 0.1 nT, digital resolution of 24 bits and dynamic range
of �8μT, designed to measure the magnetic field during cruise, landing,
and on the surface of the Moon. Magnetometer data may be recorded at
two sample rates: 10 Hz and 0.625 Hz, the latter representing 16-mea-
surement averages of the former. The main SILMAG characteristics are
presented in Table 2.

The instrument consists of two parts: an electronics unit and a sensor,
connected by a harness (Fig. 4). The chassis of the electronics unit holds
two electronics boards: a power board providing the necessary voltage
levels and a signal board conditioning and digitizing the measurements.

Data in 24-bit, signed 2’s complement format together with house-
keeping information are output in asynchronous serial fashion via the RS-
422 transceiver with fixed data rate of 10 Hz. The housekeeping data
records the voltages and temperatures of the electronics in 16-bit, signed
2’s complement format, with an addition of a time tag generated by the
mission computer for synchronization of the data packets.

4. Landing site selection

In order to realize the mission goals, potential landing sites were
identified satisfying both safety and scientific requirements of the
mission. In the next subsections we will describe the engineering and
science-driven requirements of the landing site and specify the relevant
data products that were used. We will then outline the approach used in
the selection of the final landing sites candidates.

4.1. Landing site requirements and constraints

A set of requirements were derived from engineering and science
considerations, aimed to assure landing safety, communication, and
science data acquisition. These fall in four categories: I. Descent, II.
Touchdown, III. Surface operations, and IV. Science operations.

I. Descent

I.a Navigation system precision requires a landing site of 15 km

radius, centered on the optimal landing location. The space-
craft autonomous landing system dictates a landing ellipse
with a semi-major axis of 15 km (along-track direction) and a
smaller semi-minor axis. However, lack of sufficient knowl-
edge on the approach trajectory at site selection time resulted
in the circular region as defined.

I.b Within the landing site defined above, topographic variations
must not exceed 200 m peak-to-peak, for navigation
performance.

I.c The reflectance of the surface within the landing site defined
above must be �0.11 at wavelengths 1550�20 nm, for laser
range determination performance.

I.d In addition to the primary landing site, two additional alter-
nate sites are required within 4–15� in longitude West, and up
to �4� in latitude away of the primary site, for which all re-
quirements are satisfied.
II. Touchdown

II.a Surface slopes must be �10� computed in the range of base-

lines 15–50 m, for lander stability.
II.b A preference for surfaces exhibiting few craters 1–10 m in size.
II.c Rock abundance must be �1.2% of the surface area for rocks

greater than 10 cm in diameter, for lander leg safety.

III. Surface Operations
III.a Landing site region must be within latitudes 30–60�N or
30–60�S, for lander thermal control during three Earth days
of operations following landing.



Fig. 1. Beresheet mission profile, shown in an Earth-centered inertial frame. Spacecraft maneuvers are indicated, starting at launch to the final descent maneuver in
lunar orbit. Discontinuities in Beresheet’s position are due to updates to the calculation of the orbital trajectory.
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III.b Landing site must be within the geographic polygons shown
in Fig. 5, for continuous Earth communication.

III.c The landing site was required to have unobstructed view in
the direction of the Sun >3� in elevation and within �30� in
azimuth.
IV. Science Operations

IV.a The landing site must have a magnetic field magnitude �8.5

nT at the surface.
The requirements listed above guided the landing site candidates
selection process. The final selection was made on the basis of human
inspection of the available data, and in particular, high-resolution
imagery.

4.2. Data sets

A quantitative analysis of the primary and alternate landing sites was
performed to verify their compatibility with themission constraints using
data sets from various instruments.

Topography was based on the SELENE - LOLA Digital ElevationModel
(SLDEM) by Barker et al. (2016) at a horizontal resolution of 512 pixel
per degree (PPD) and typical vertical accuracy e3–4 m. This product is
available as a global map within the latitudes range 60�S-60�N and based
on topographic heights acquired by LOLA, co-registered with set of global
coverage DEM tiles produced by SELENE Terrain Camera.

Surface slopes and roughness, at 30–120 m baselines were taken from
the Lunar Reconnaissance Orbiter (LRO) LOLA altimetry data (Smith
et al., 2010; Rosenburg et al., 2011). The slope map comprised of a
bi-directional slope calculated from a plane fit of 5–15 topographic points
acquired by LOLA. Roughness values measured as the topographic vari-
ance, were taken as the root mean square (RMS) of altitudes in reference
to that plane. Both slope and roughness are averaged to produce gridded
maps at 16 PPD. LOLA data were similarly used for the surface slopes
estimation on a 60m baseline for the Luna-25mission landing sites in the
South Polar region of the Moon (Djachkova et al., 2017).

To estimate the abundance of exposed surface rocks above 0.1 m, we
used the LRO Diviner Radiometer rock abundance (RA) map (Bandfield
et al., 2011). These data give the areal fraction of the surface covered by
3

rock fragments by modeling the surface temperature variations with a
two component mixture of high and low thermal inertia. The variations
are sensitive to rocks on the scale estimated to be e0.5 m. To extrapolate
to smaller rock sizes we use a power law size-frequency distribution with
an exponent based on fitting the particle size distribution of Shoemaker
and Morris (1970) derived from imaging at the Surveyor landing sites.
Thus, the rock abundance derived from Diviner data D0 was extrapolated
from the assumed Diviner scale D0 ¼ 0:5 m to a scale D, using

RAðDÞ¼RA0ðD=D0Þγþ2 (1)

with γ ¼ � 2:56, which is the best fit between the two data sets for
Surveyor 3 mission. This data was sampled at 128 PPD between latitudes
80�N-80�S.

Surface reflectance at the wavelength of the laser range finder of the
spacecraft was extracted from the data acquired by the SELENE Multi-
band Imager near-infrared instrument, in the 1548 nm channel (Ohtake
et al., 2008). This product is available in tiles of 1 � 1� containing
reflectance in 9 channels at original resolution of 2048 PPD. For our
survey, we extracted the relevant single wavelength data and rebinned
the data at a resolution of 512 PPD.

We used crater counts published previously by Schultz et al. (1977)
for Mare Serenitatis, and by Hiesinger et al. (2000) for more extensive
mare units.

To estimate slopes and surface roughness at meter-scales, we used
images acquired by the LRO Narrow Angle Camera (LROC NAC). These
are panchromatic images with resolution 0.5 m/pixel (Robinson et al.,
2010), from which areas with low concentration of visible boulders were
identified.

Stereo pairs of LROC NAC images were used to produce local Digital
Elevation Models (Kokhanov et al., 2018). While no suitable pairs were
found within the landing ellipse, we used pairs from adjacent areas in
Mare Serenitatis with the same geological formations and appearance in
images to produced DEMs at the resolution of 2m/pixel using SOCET SET
(Tran et al., 2010). From these, slopes on short scales were studied. We
also compared the results to the DEMs from Kaguya Terrain Camera with
a resolution of 4096 PPD (e7 m/pix at the equator), but these showed
greater random and systematic errors on small scales.



Fig. 2. Perspective view of the Beresheet spacecraft,
highlighting the science payload. The SILMAG
magnetometer sensor mounted on the lower deck and
electronics unit mounted below the upper deck (yel-
low) are connected by the harness (magenta). The
LRA is mounted on the top of the upper deck (purple).
The spacecraft body-fixed coordinate system is also
indicated. For scale, the lander measures 1.5 m in
height. (For interpretation of the references to color in
this figure legend, the reader is referred to the Web
version of this article.)

Fig. 3. The Laser Retroreflector Array (LRA). The unit is 50 mm in diameter at
the base and 16 mm in height. Photo credit: SpaceIL/Xiaoli Sun/GSFC.
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To characterize principal geological and mineralogical units within
the proposed landing site, we performed an analysis using geologic maps
(Carr, 1966; Scott, 1972) and the MoonMineralogy Mapper (M3) data set
(Kaur et al., 2013).
4

Finally, the lunar crust magnetization magnitude was estimated from
magnetic field measurements acquired from orbit by the Kaguya Lunar
Magnetometer and Lunar Prospector Magnetometers. The model in
Tsunakawa et al. (2015) uses these data acquired at high altitude and
provides extrapolated values for the surface field (albeit at lower reso-
lution than we seek to measure).

4.3. Selected landing sites

The selection of landing sites was performed in two stages: first,
global filtering to a set of few potential areas, and second, detailed
analysis of selected areas.

Global filtering was performed following the constraints enumerated
above (Sec. 4.1), and using the data sets previously described (Sec 4.2).
The general approach was to produce binary maps at a resolution of 16
PPD encoding each criterion. Regions of radius 15 km were then mapped
in which >95% of the area was verified to meet all criteria.

While initial landing sites surveys yielded candidate landing sites in
both the northern and southern hemispheres (Grossman et al., 2017),
application of the full set of engineering constraints and consideration of
the multi-scale properties of the surface restricted the sites to areas
within the lunar maria. Detailed analysis of selected areas was performed
using relief information on the scale of the spacecraft from stereo im-
agery. The final primary landing site that was selected is located in the
northeastern portion of Mare Serenitatis, approximately 120 km south of
the northern boundary of the mare and 220 km west of the 95 km



Table 2
Summary SILMAG instrument characteristics.

Parameter Value Unit

Physical specifications
Dimensions of electronics
unit

105.4 x 109.2 x 60.6 mm

Dimensions of sensor 70.1 x 53.8 x 32.1 mm
Length of harness 1050 mm
Mass of electronics unit 390 g
Mass of sensor 160 g
Mass of harness 49 g
Sensor thermal limits
(operating)

[-100,80] �C

Sensor thermal limits
(survival)

[-130,120] �C

Electronics thermal limits
(operating)

[-30,65] �C

Electronics thermal limits
(survival)

[-50,95] �C

Pressure range [10�10,760] Torr
Electrical specifications
Supply voltage 28 Vdc
Power consumption 1–2 W
Measurement specifications
Sample rate 10 Hz
Digital resolution (each
axes)

24 bit

Accuracy (each axes) 0.1 nT
Dynamic range (X,Y,Z) �8690,�8250,�8450 nT
Offset @ 24 �C (X,Y,Z) 11.6, 8.0, �1.1 nT
Noise density at 1 Hz
(X,Y,Z)

0.05, 0.04, 0.1 nT/
ffiffiffiffiffiffi
Hz

p

Sensor temperature field
offset (X,Y,Z)

0.05, 0.06,0.12 nT/�C

Sensor temperature field
gain (X,Y,Z)

0.2, 0.4, 0.5 % over 100 �C

Electronics temperature
field offset (X,Y,Z)

0.04, 0.03, 0.06 nT/�C

Electronics temperature
field gain (X,Y,Z)

0.2, 0.14, 0.18 % over 100 �C

Fig. 5. Lunar nearside map showing landing site limitation (white polygons) for
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diameter Posidonius crater (Fig. 6). Centered on 33.190�N, 19.395�E, the
provisionally named ‘Posidonius I’ site is flanked by two backup sites,
‘Posidonius II’ (center coordinates – 31.968�N, 18.296�E) and ‘Pos-
idonius III’ (center coordinates – 32.609�N, 17.507�E). Assessment of
these sites indicates a relative paucity of craters and other hazards. It
does exhibit a measurable magnetic anomaly from orbit that meets the
science goals of the mission stated above.
Fig. 4. The SpaceIL Magnetometer (SILMAG): sensor mounted on the spacecraft bot
32.1 mm and the electronic box are 105.4 x 109.3 � 60.5 mm.

5

Table 3 summarizes the results of each criterion from our geomorphic
analysisof theprimaryandalternate landingellipses. For robustness against
outliers, maximum and minimum values presented correspond to 97.5 and
2.5 percentiles of the data, respectively. For comparison, we also show
values of the same set of criteria as computed for the Apollo 11 landing site.

The final landing ellipse is located within Mare unit S13 (Hie-
singer et al., 2000). Using the absolute model age (AMA) by Neu-
kum (1983), the age for this unit is 3:49þ0:08

�0:05 Ga (Hiesinger et al.,
2000). In order to refine the AMA of the sequence of basalt plains
while maintaining adequate counting statistics, we subdivided this
unit into three sub-units showing consistent geomorphological and
spectral properties: S13_1, S13_2, and S13_3 (marked in red, blue,
and black, Fig. 7a).

The AMA analysis was performed using the software Craterstats 2.0,
with results outlined in Fig. 7b. For the sub-unit S13_1,which shows similar
properties to those of the final landing ellipse, we obtained an AMA of
2:59þ0:12

�0:13 Ga, indicating theflows in this region are younger than previously
thought. This is also consistent with the relatively low number of craters
within the landing area, a characteristic that was used in the site selection.
For sub-unit S13_2 we obtained an intermediate age of 3:41þ0:052

�0:077 Ga, and
for S13_3 we obtained 3:48þ0:085

�0:190 Ga. We note this latter unit exhibits a
tom deck (a) and electronics unit (b). The sensor dimensions are 70.1 x 53.8 �

Earth communication in post-landing operations.



Fig. 6. Topography (a), surface slopes (b), extrapolated rock abundance at 10 cm scale (c), and reflectance at 1.5 μm wavelength (d) of the planned Beresheet landing
sites in Mare Serenitatis, near Posidonius crater. Black circles indicate the landing sites selected. The actual impact location is indicated by a blue ’x’. Yellow contours
indicate the value of the surface magnetic field extrapolated from orbital measurements of Tsunakawa et al. (2015). (For interpretation of the references to color in this
figure legend, the reader is referred to the Web version of this article.)

Table 3
Summary of results for criteria analyzed for the Beresheet spacecraft’s landing ellipse at Posidonius I, its adjacent sites, Posidonius II and III, and Apollo 11 landing site
for comparison. Slope and roughness values were computed on a 60 m baseline.

Parameter Requirement Posidonius Posidonius Posidonius Apollo

I II III 11

Longitude [�E] 19.395 18.296 17.507 23.473
Latitude [�N] 33.190 31.968 32.609 0.674
Topographic range [m] <200 95 192 163 308
Rock abundance [%] <1.2 0.73 1.05 0.87 1.01
Max. slope [�] <5 4.13 3.77 3.99 7.23
Max roughness [m] 1.22 1.11 1.25 1.27
Mean roughness [m] 0.88 0.75 0.89 0.85
Min reflectance >0.11 0.121 0.112 0.117 0.088
Surface magnetic field [nT] >8.5 8.92 10.59 9.92 6.08
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distinct population of craters in small size range, indicating an additional
younger age estimate due to resurfacing of older Mare basalts.

Fig. 8 shows the impact site of Beresheet, as imaged by LROC NAC.
Following the landing attempt on 11.4.2019, efforts were undertaken by
the LRO team to locate the crash site using LOLA reflections from the
LRA, or with imagery. With no confirmation of the physical state and
orientation of the LRA on the surface, the LOLA search did not produce
6

any unambiguous pulse return identifications. LROC successfully imaged
the presumed crash site 11 days following the impact, and indeed found a
feature that was not present in previous images at the location
32.5956�N, 19.3496�E (coordinates defined as in LRO Project (2008)).
The center of the feature is dark, several meters wide, and is interpreted
as the roughening of the surface due to the direct impact. A larger sur-
rounding region extending typically 10’s mwith a ray directed southwest



Fig. 7. (a) The crater measurement map of Mare Serenitatis with Mare age units by Hiesinger et al. (2000). Shown is the LRO Wide Angle Camera 100 m/pixel mosaic
basemap with the three subunits S13_1, S13_2, and S13_3 (marked in red, blue and black) we defined within Mare unit S13. The final landing ellipse (orange) and two
backup ellipses (light green) are also noted. (b) Derived crater size-frequency distribution with absolute model age (AMA) of the defined subunits with corresponding
colors. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Fig. 8. LROC NAC images showing the Beresheet impact site. (a) LROC image M1236487095L acquired on 16.12.2016, pre-impact, frame is 400 m wide. (b) LROC
image M1310536929R acquired on 22.4.2019, post-impact, frame is 400 m wide. (c) A ratio image of the after/before images, focusing on the impact site. The frame is
150 m wide, and shows a lowering of the reflectance with an area within e5 m of the impact location, with a brightening over a larger area reaching 100 m from the
site. Image credit: NASA/GSFC/ASU.

Fig. 9. (a) The position of the final orbit of
the Beresheet spacecraft around the Moon
(dashed) as well as an interval during which
SILMAG measurements were obtained and
downlinked (solid). The impact point is also
indicated (x). (b) An image captured by
Beresheet’s camera during the final orbit
before the landing attempt. One of the lander
legs and plaque are visible in the foreground,
with the lunar surface in the background.
The image has been enhanced and does not
represent true colors. Image credit: SpaceIL/
IAI. (For interpretation of the references to
color in this figure legend, the reader is
referred to the Web version of this article.)
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> 100m long shows a higher albedo. This is interpreted as resulting from
the redistribution of fine dust on and smoothing of the surface due to
rapid motion of gas/particles away from the impact site.

5. SILMAG results

The SpaceIL Magnetometer (SILMAG) was turned on and acquired
data several times during near-Earth orbit, cruise, lunar orbit, and
descent maneuver. Fig. 9a shows the nominal position of the final orbit
around theMoon, as well as the location of the spacecraft impact point on
the surface. A time interval during which SILMAG data were acquired
and downlinked is indicated (data was likely acquired all the way to
surface, but no further downlinks containing science data occurred).
These measurements, as well as the calibration data that were acquired in
Earth orbit, show that the instrument responded to variations in the
environmental field in space (Aharonson et al., 2020). However, our
analysis indicates that the signal was dominated by the spacecraft field,
which likely exceeded the designed dynamic range of the sensor in one
axis. In this field regime, laboratory tests verify the SILMAG control
electronics allow detection of field variations as seen in the data, but the
value of the field reported cannot be reliably interpreted.

The calibration measurements performed in the spacecraft integra-
tion facility during tests did not show this effect. This is likely due to the
combination of our externally applied field, Earth’s magnetic field, and
its induced component on the spacecraft counteracted the spacecraft
remnant field, allowing correct measurements to be acquired within the
instrument’s dynamic range. Separating the aforementioned components
proved to be difficult with an installation within the spacecraft volume,
lacking separation typically afforded by a boom. We conclude that a
magnetometer installation within the spacecraft volume, while in prin-
ciple possible, hinders the interpretation of measurements in space. Pre-
launch calibration measurements allow only partial representation of the
spacecraft field in the space environment.

During the spacecraft’s final descent maneuver, a fault indication
from one of the two Inertial Measurements Units (IMU) and an attempt to
command a power-on of this unit led to the mission computer reset, main
thruster shutdown, an uncontrolled, low angle (<10�), high-speed
impact on the lunar surface, and communication loss (Shyldkrot et al.,
2019). An image acquired during the final orbit, just prior to the landing
maneuver at altitude e22 km, is shown in Fig. 9b.

Although we did not have the opportunity to obtain magnetic mea-
surements from an altitude in which the lunar field would be discerned
from that due to the spacecraft, our best indications are that the instru-
ment performed well and according to design throughout the mission.
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