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NASA’s New Frontiers Program

NF1: New Horizons

NF3: OSIRIS-REX
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Dust and molecules formed from dying stars and inter-
stellar clouds preserve clues to their origins that can be
seen at the atomic scale in Earth laboratories



-l CAESAR

CAESAR Sample Science

Remnants of the first Solar System solids have been
preserved in a deep freeze in comets for billions of years



CAESAR will show the nature and origins of prebiotic
organic molecules that were delivered to the early Earth
by comets



CAESAR

Comet Volatiles
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Cornerstone Principles
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CAESAR'’s Target: Churyumov-Gerasimenko




Churyumov-Gerasimenko
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Organics Distribution on 67P
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The organic-rich surface of comet
67P/Churyumov-Gerasimenko as seen
by VIRTIS/Rosetta
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“The very low reflectance of the nucleus (normal albedo of 0.060 + 0.003 at 0.55
micrometers), the spectral slopes in visible and infrared ranges (5 to 25 and 1.5 to 5% kA1),
and the broad absorption feature in the 2.9-to-3.6—micrometer range present across the
entire illuminated surface are compatible with opaque minerals associated with nonvolatile

organic macromolecular materials: a complex mixture of various types of carbon-hydrogen
and/or oxygen-hydrogen chemical groups...”



Ice Distribution on 67P

Rosetta’s comet 67P/Churyumov-
Gerasimenko sheds its dusty mantle
to reveal its icy nature

S. Fornasier,'” S. Mottola,” H. U. Keller,”™ M. A. Barued,' B. Davidsson,* C. Feller,'

J. D. P. Deshapriya,' H. Sierks,” C. Barbieri,” P. L. Lamy,” R. Rodrigo,™” D. Koschny,™

H. Rickman,""" M. A'Hearn,"” J, Agarwal,” J.-L. Bertaux,"* L. Bertini* §. Besse,”

G. Cremonese," V. Da Deppo,” S. Debei,'™ M. De Cecvo,' J. Deller,” M. R El-Maarry,™
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M. Kiippers,”™ M. L. Lara,” M. Lazzarin,” J. J. Lopez Moreno,” F. Marzari,*
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F. Scholten,” X. Shi,” N. Thomas,*” 1. Toth,™ C. Tubiana,” J.-B. Vincent”

“The increase in water-ice visibility is observed
on the whole surface, indicating that the
composition in terms of dust-to-ice ratio must
be similar at large scales all over the nucleus.
This means that even the smooth areas

commonly thought to be covered with material

that fell back on the surface (18) must be
water-ice rich.”
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Camera Suite

TAGCAM NAVCAM CANCAM
: y =

Star Tracker FOV

TAGCAM FOV

NAVCAM FOV
MAC FOV (blue), NACFOV (pink)
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Sample Acquisition & Containment Sys.

R

Gas Tank i

Solid Sample
Container (SCS)
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Mission Timeline

2024 2026 2028 2030 2032 2034 2036 2038

Comet Ops

SEP Cruise to 67P SEP Return to Earth

Launch August 2024
Arrive at Comet March 2029

|

Launch

Depart Comet November 2033
Earth Return November 2038




Sample Return Capsule

Drogue-chute Box H/S Drogue Chute Deployment

(E+145 secs)

Front H/S Jettison
(E+175 secs)

Main-chute Box H/S

Back H/S

Payload Main Chute

Deployment
(E+347 secs)

Front H/S

»

Land (E+577secs) |
Chute Risers (ut * @
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SRC Recovery
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CAESAR Camera Suite objectives

* Determine environmental hazards to the Spacecraft
e Spacecraft Navigation

* Support selection of the TAG site

* Document the TAG event & sample

* Studying the provenance of the site

MAC TAGCAM NAVCAM CANCAM




S/C environmental hazards

3122
Florence




Spacecraft Navigation
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... TAG Reentry &
Launch = Commissioning — . —
Operations Recovery
2024 2026 2028 2030 2032 2034 2036 2038
I B I ] I ] I '] I ) | I | I | | I
| ' | ' | ‘ | ' | v | ' | ' |
Outbound Cruise 1 Quiescent Ops Inbound Cruise
Initial Survey Detailed Survey

55 km Orbit

High.Recon

20 km Orbit
20 x 10 km Orbit
10 km Orbit

TAG Operations

\\\ N &
TAG™

Departiire ‘\ ]
BAB

Back-Away

Comet Return
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TAG

Laser Range: 3230.6 m
ACS Mode : nadir pt

\

\
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TAG Site Selection

SAFETY SAMPLEABILITY DELIVERABILITY SCIENCE VALUE TAG SITES




Sampleability
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Ice Distribution on 67P

Rosetta’s comet 67P/Churyumov-
Gerasimenko sheds its dusty mantle
to reveal its icy nature
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M. Massironi,** G, Naletto, ™7 N, Oklay,” M. Pajola, ™" A. Pommerol,*™ F. Preusker,”
F. Scholten,” X. Shi,” N. Thomas,*” 1. Toth,™ C. Tubiana,” J.-B. Vincent”

“The increase in water-ice visibility is observed
on the whole surface, indicating that the
composition in terms of dust-to-ice ratio must
be similar at large scales all over the nucleus.
This means that even the smooth areas

commonly thought to be covered with material

that fell back on the surface (18) must be
water-ice rich.”
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TAG Event documentation

Laser Range: 7.1m
ACS Mode. : inertial

Terminal Descent to Surface
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nle collection documentation




- CAESAR

Sample provenance




CAESAR Camera Suite built by MSSS

2 Wide-FOV Navigation
Cameras (NAVCAMYS)
OpNav & autonomous

approach / TAG

1 Wide-FOV Sample
Canister camera
(CANCAM)

video documentation of
sample acquisition

ECAMS50 (OSIRIS-Rex
TAGCAMS)

ECAMS50 (OSIRIS-Rex
TAGCAMS)

1 Mid-angle Camera
(MAC), inc. color filters
site identification
/characterization &

navigation Narrow Angle Camera
(NAC),

Mars Science Laboratory site identification and

Mastcam M 100 characterization &

1 Mid-FOV Arm-Mounted navigation

TAG Camera (TAGCAM)

for documentin g TAG Lunar Reconnaissance
Orbiter Narrow Angle

event g
Camera

Mars Science Laboratory
MAHLI instrument
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