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OVERVIEW

AAtrtificial and natural objects entering
9 NI KQAa | 0Y2aLKSNB
powerful acoustic wavesbut well
characterized observations of entries are
exceptionally scarce

AAtrtificial objects arriving from
Interplanetary space have the parameters
well knowna priori

ACan serve as ideptoxiesfor studying
meteoric phenomena and are critical for
Improving global monitoring

AHowever, only a handful of spacecraft hav
re-entered from interplanetary space since
the end of the Apollo era
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A The reentry of the OSIRIRex (Origins, Spectral Interpretation, Resour(si
|dentification, and SecuritiRegolith Explorer) Sample Return Capsule
(SRC) provided amprecedented and unique opportunity to study a
well-known artificial meteor using infrasound and seismic sensors

Image credit: NASA

OSIRIS-REX

ASTEROID SAMPLE RETURN MISSION

A The OSIRIRExasteroid sample return mission waj
launched in 2016 to collect samples of the near
Earth asteroid Bennu

A OSIRIREXSRC returned to Earth on 24 Septembf§
2023 :

Image credit: NASA
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Figure from Silber et al. (2023) .

NASA's Goddard Space Flight Center
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AA multiinstitutional effort resulted in théargest to-
date observational campaigmo capturegeophysical
signalsgenerated by an object as it-entered the
atmosphere from interplanetary space
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PAST REENTRIES FROM INTERPLANETARY SPACE \
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Genesis' Stardust? Hayabusa 1° Hayabusa2* @ OSIRIS-REx® .
“Date 8 Sep 2004 15 Jan 2006 13 Jun 2010 5 Dec 2020 24 Sep 2023 \
Entry speed* (km/s) 11.0 12.9 12.2 12.0 ~12
Entry angle (°) 8.0 8.2 12 12 ~8
Landing site UTTR UTTR WPA WPA UTTR
Mass (kg) 225 45.8 18 16 46
Diameter (m) 1.52 0.811 0.400 0.400 0.810

List of SRCs. The upcoming OSREXSRC rentry is highlighted. UTTR is the Utah Test and Training Range, Utah, and WPA is the Woomera
Prohibited Area, Australia.

*at ~135 km altitude In design and reentry, the OSIRKREXSRC is

1ReVelle, et al., 2003ReVelle & Edwards, 200%%amamoto et al., 201#Sansom et al., 2022t auretta et al., 2017 nearly identical to that of the Stardust SRC
Instrument type Genesis Stardust Hayabusal Hayabusa?2
Seismometers (number) - 2 20 7
Infrasound array (number) 1 1 1 7
Infrasound array (number of elements) 3 4 3 4
Infrasound (number of stand-alone sensors) - - 2 -
Infrasound (total number of sensors) 3 4 5 28

List of dedicatedeismoeacoustic instruments used in previous SRC observation campaigns.

OSIRISRExwas observed with a record number of instruments
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GEOGRAPHICAL CONTEXT N
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DEPLOYMENT AND
DATA COLLECTION

Photb credit R Lewis

infrasound sensor an
buried seismometer
under wind screen

A Approximately 80 investigators
from over a dozen institutions
participated in this historical
observational campaign

A The sensing modalities included _ s s wsound s seimic IS
infrasound (grounebased and . T4 e Shee S
airborne), acoustic (audible), | Y ) o - UeE

seismic, DAS, and GPS, deployed s e o
in several regions | . \




DEPLOYMENT:
MULTHNSTITUTION
PARTICIPATION

ASandia National Laboratories (SNL)

ALos Alamos National Laboratory (LANL)
ANASA Jet Propulsion Laboratory (JPL)

AAir Force Research Laboratory (AFRL)
AAtomic Weapons Establishment (AVBEcknest
ABoise State University (BSU)

ADefense Threat Reduction Agency (DTRA)
Adaho National Laboratory (INL)

AJohns Hopkins University (JHU)\
AKochi University of Technology (KUT)\

ANevada National Security Site (NNSS) .
AOklahoma State University (OSU) *
ASouth Methodist University (SMU)

ATDA Research Inc. (TDA)

N\

AUniversity of Hawaii (UH)
AUniversity of Memphis (UM)

et
. 5’(,(\)“\
j00 '™ ove®
~ 639\0 Infrasound Total Large N-
(single number of array
sensor Infrasound sensors in (number of  Audible Smart
Institution station) (array) arrays sensors) microphone  phone Seismic DAS GPS Balloons
SNL 47 3 (x4) 12 - - 2 19 - __
LANL 6 2 (x4) + 1 (x6) 14 - 1 - 6 2
AWE 1 (x4) 4 - - - - -
BSU 3 (x4), 1 (x44) 56 - - - - -
JHU - - - - - 11 -
JPL : : : : : : 2 ]
KUT - 1 (x4) 4 5 -
osu 12 1 (x4) 4 - -
SMU - 1 (x4) 4 - -
TDA N - :
UofH, AFRL, INL - - - - 33 -
UofM 2 (x4) 8 - - - 76 -
65 13 106 115 6 35 112 2 5 9
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SNL DEPLOYMENT L

A We deployed infrasound and seismic sensors in Nevada and Utah to capture the signals as a fur}sl;l
distance from the trajectory and from different parts of the trail.

A 47 single sensor stations (30 in West Region, and 17 in East Region) -theeseft arrays, and 19
seismic nodes were installed in total. Figure shows the map with deployment areas.

Photo credit: Feigle |

A, B and D show the
Hyperion sensor
array and seismic
node installations.

C and E shows the
single sensor Gem.
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OSIRIREXREENTRY

A Overflight was at 07:42 am local time

A Calm day, clear skies

A Teams in all regions heard audible sounds =&
oaAy3atsS YR R2dz0f S & UKdzRE 0

A All operational instruments detected signals

Photos credit: R. Lewis




HYPERSONIC CORRIDOR
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INFRASOUND DETECTIONS

40.5
8 N r—-mm‘ -
< S - =
g 4
<t ()
O — - WP " ©
< s 2 ..
c S
.g 8 39.5 ;
S < B o
w \ - ' p
. : ¢ ‘
S \M/\—MAW Y Y5 ¥ Y
< 39
& -117.0 165 -1160 -1155  -115.0
— I Longitude (deg)
<
A An Nwave with some

| [ I [ [ [ coda was detected at

180 190 200 210 220 230 all operational single

sensor stations
Time Since Overflight [s]

15




INFRASOUND DETECTIONS

A An Nwave with some coda was detected at all § — ~ ke
operational single sensor stations I \
A Figure shows the signals from the south end of

AO4
|

the transect in the West Region

A We detected strong infrasound signals §
generated by the OSIRREXSRC at nearly all 5
sensors in NV and UT

41 ’ “/: “°°“§
A Early analysis G 4
indicate that &
some signals “
come from a
common point
and some from
different points =~ s &
along the trall Ny
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CONCLUSIONS

The observational campaign was very
successful

We detected strong infrasound signals at
nearly all sensors in NV and UT

The results have implications for future
observational efforts on Earth as well as
capturing shockwave signatures on other
planetary bodies with atmospheres (e.g.,
Mars, Titan, Venus)

Photos credit: R. Lewi




