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LUCY \ Surveying the Diversity of Trojans !*61 ;f
&

* Lucy is a Trojan asteroid tour ?
= Called for in Decadal Survey _ i

= |t will perform flybys of 6 Trojans.

* |ts strengths are:

= High science return from never
before encountered objects.

= Low risk mission — high heritage.

= Low cost mission — costs fit
comfortably within AO constraints.

= Timely — unigue opportunity in
launch window gets multiple high-
value Trojans.

e 2021 launch, encounters from 2025-2033.
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* To boldly go where no one has gone before. 00 P e & .
= \We have never seen one close up. - D — W
« Trojans are remnants of giant planet formation. 8 T
« They are not a monolithic population, however. 3 10l
= Contain C-, D-, and P-type spectral types. §>
= Have albedos from ~4 - ~15% 9 L '
= Wide range of colors — also bimodal. — : :
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Science Motivation (cont) i‘-l
« Trojans present us with a s ¢
UNIQUE opportunity to constrain =z
planet formation and evolution 1o
models S 00
» Constrain planet migration models i
+» Ds and Ps are more primitive then Cs

* They likely formed at different locations

*» Were mixed together by planet formation -30
and migration

s 08 05 505 8
el Trojans likely harbor objects that formed

throughout the outer Solar System. It is
only by sampling their diversity that
their true scientific potential can be
R o S s it realized.
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Science Motivation (cont) %

t = 0 Myr
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throughout the outer Solar System. It is
only by sampling their diversity that
their true scientific potential can be
R o S s it realized.
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LUCY Surveying the Diversity of Trojans r
Lucy’s Orbit

&,

-—l\\
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With g~1AU and Q~6AU, Lucy will pass through the 2 1

swarms on back-to-back orbits e

1 Sep 2033 03:25:11.330 ' e o L 2
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LUCY ing the Divergfo S OIS, P B
Science Motivation (cont) I ol ?
e To boldly go where no one has gone before. . g o i s

« Compare all Trojans types.
= Contain C-, D-, and P-type spectral types.

* Trojans present us with a UNIQUE opportunity
» To study Cs, Ds, and Ps in the same environment

» Constrain planet migration models 107 1=
% Ds and Ps are more primitive then Cs
% They likely formed at different locations
% Were mixed together by planet formation and migration

Mass (kg per 0.02 av)
S
=
|

I | .
r

5.2
Semi-major axis (Au)

ool e Trojans likely harbor objects that formed

Trojans

throughout the outer Solar System. It is
only by sampling their diversity that
their true scientific potential can be
i o realized.
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March 2033

November 2028
Patroclus/Menoetius Encounter

1999 VQ,, Encounter [

April 2028
1997 TS,, Encounter

September 2027
1999 WB2

Lucy'sinnovative trajectory obtains flybys of all known Trojan spectral types and leverages the
fortuitous alignment of Patroclus and Menoetius in the plane through the L, swarm

Color Key Patroclus/
Cape Paye Dove 1981 EQ, | Eurybates | 1999 W8, | 198775, | 1999va,, | Patrocks!

August 2027 n ' = =0
Eurybates Encounter N :
Y ) ) ) Class Main Belt L, Trojan L, Trojan L, Trojan L, Trojan Lég:i; "

Type c c P D P
Diameter (km) 39 64 21 51 113/104
Spin (hrs) Unknown 8.7 Unknown 103
Visible Albedo 0.1 0.09 0.047
Eccentricity 0.19 0.01 i 0.12
Inclination (deg) 44 X 13 ! 22

- All known spectral types - Both the L, and L, swarms
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But, these are mterestlng as
|nd|V|duaIs too.

November 2028 ] ; .
N . - Frame rotating with Jupiter

March 2033
Patroclus/Menoetius Encounter

April 2028
1997 TS,, Encounter

y
September 2027 ! ; ; ) (
1999 WB, '

1 2025 Lucy's innovative trajectory obtains flybys of all known Trojan spectral types and leverages the
1981 EQ, Encounter fortuitous alignment of Patroclus and Menoetius in the plane through the L, swam

Color Key
Ciype Paype Daype | 1981 EQ, | Eurybates | 1999 WB, | 1997TS,, | 1399VQ,

August 2027 ’ (o -
Eurybates Encounter . :
- . 4 ) Class Main Belt L, Trojan L, Trojan L, Trojan L, Trojan

Patroclus/
Menoetius

L Trojan
Binary

Type c c P D P
Diameter (km) 39 64 21 51 113/104
Spin (hrs) Unknown 8.7 Unknown s 103
Visible Albedo 0.1 ! 0.09 ; 1 0.047
Eccentricity 0.19 I 0.01 I ) 0.12
Inclination (deg) 44 % ! 22

- All known spectral types - Both the L, and L, swarms
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The Mystery of Asteroid Families

!;;

(3548) Eurybates is the largest member of the

-

2
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only major disruptive collisional family.

 We have never visited such an
object before.

 Will give unique insight into
collisional processes

*Eurybates is a C-type?!?

« Rare in the Trojans.

* No D-type families in asteroid belt.
* Perhaps D’s disintegrate when hit.
 Perhaps D’s become C’s when hit.
e Lucy will help understand this.

®
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March 2033
Patroclus/Menoetius Encounter

Ftame rotating with Jupiter

April 2028
1997 TS,, Encounter

September 2027
1999 WB2

| 2025 Lucy's innovative trajectory obtains flybys of all known Trojan spectral types and leverages the
1981 EQ, Encounter fortuitous alignment of Patroclus and Menoetius in the plane through the L, swarm

Color Key
Ciype Paype Daype | 1981EQ, | Eurybates | 1995 W, | 1997 TS,
o s |

August 2027 ) ' ‘ =

Eurybates Encounter .
. 3 i Main Belt
a1 | 2

e |

1

Inclination (deg) 4.4 “

All known spectral types - Both the L, and L, swarms
- Disruptive collision remnant




- (3548) Eurybates (21900) 1999 VQ,,

H 9.8 9.9

D 64 km 51 km
P rot 8.7 hr 13.5 hr

e 0.09 0.04

[ 8.1 deg 8.5 deg
type C D (color)

pv 0.05 0.08
Color gray red

®
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November 2028

1999 VQ,, Encounter [

April 2028
1997 TS,, Encounter

September 2027
1999 WB2

August 2027
Eurybates Encounter

Lucy's Tour '

~ 1t e

Ftame rotating with Jupiter

April 2025
1981 EQ, Encounter

Surveying the Diversity of Trojans Fi 01

March 2033
Patroclus/Menoetius Encounter

Lucy'sinnovative trajectory obtains flybys of all known Trojan spectral types and leverages the
fortuitous alignment of Patroclus and Menoetius in the plane through the L, swarm

Color Key
Ciype Paype Daype | 1981EQ, | Eurybates | 1995 W, | 1997 TS,

(]

Main Belt
o | 2

L] P

1

Inclination (deg) 4.4 “

All known spectral types - Both the L, and L, swarms
- Disruptive collision remnant
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Piéce de Résistance ?

We have been amazingly lucky and found multiple A‘I,
other targets that make this a much richer mission!

N
517 Patroclug — Menoetiug

- (617) Patroclus and Menoetius

Dia 141 km & 112 km .

P rot 4.3 days 2
e 0.14 ’
[ 22 deg

type P

Friute do ¥ . {C) 1998-2005, EPROC 2.0
@_;;i;‘ 4}47 GODDARD 16
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The Mystery of Equal Mass Binaries ’f’
s

Many Cold Classical KBOs are equal mass binaries

oMost undisturbed population in
the Solar System.

* Most objects formed this way?
oTheir formation is a mystery.
» Classical ideas don’t work.

* Most successful idea relies on
pebble accretion.

0 (617) Patroclus is very similar.

« |t will give insight into how
these things came to be.

@’8 e
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We will also be able to go to these Trojans.

- (15094) 1999 WB, (11351) 1997 TS,

L, Trojan L, Trojan
H 11.6 10.7
Dia 21 km 34 km
a 5.2 AU 5.2 AU
e 0.10 0.07
[ 13.0 deg 11.6 deg
type P (color) D (color)
pv 0.09 0.08

We cover diversity in the L, swarm alone.

@’ O - o GO00MRD %‘ 18
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TS25 is a strange blrd ’

(11351) 1997 TS25 d 3
Period: 513.7+1.3 h .
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:12.04105 ¢ 20-04/15 M 38 -05/01 JDo(LTC): 2456380.617225
L |

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

*Extremely long period (514 hr).

*Huge amplitude (1 mag)! Also it is asymmetric (?).
« Remember this object is 34 km.

*Potential second 53 hr period - Satellite?

ﬁ GODDARD i 19
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1981 EQ: - Not Just Another Pretty Face ?
We will also visit a main belt asteroid, 1981 EQ. 4

* Intended simply to test our procedures.
= However, it is a member of the ~100Myr Erigone family

*We will get to see a young 18l aie Ll

surface. S e s

« Fresh craters will help us 8 16} % .
understand collisional R S e
evolution of asteroid belt. P SR il

* It will constrain space g ' :
weathering. g 121 ]

e Will help us understand the < :
Yarkovsky forces. 101 (163) Erigone Jy Miz2

230 232 234 236 238 240 242

Semimajor axis (AU)
TR - - Q o e % 20




L’LORRI

®
ﬁr GODDARD 21
S_- E e N SPACE FLIGHT CENTER %



’LORRI

Heritage: New Horizons
Provider: APL

Average Power: 4.7 W

Mass: 9 kg

Volume: 65.0x42.2x42.5cm
IFOV: 5 urad

FOV: .29 x .29 deg
Panchromatic 0.35—-0.85um

] [ [ & [ & [
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* Visible: Multi-spectral Visible Imagining Camera (MVIC)

* NIR: Linear Etalon Imaging Spectral Array (LEISA)

Visible Detector
Dichroic
IR Detector

Secondary Mirror
Scan Mirror

NEEESEEEE
100 mm —>

Tertiary Mirrorz

B = [ E [E

Primary Mirror

TADCA4O7 Lucy

GODDARD
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Provider: GSFC

Heritage: NH, O’REX

Average power: 8.1 W

Mass: 15.6 kg

Volume: 37.3 x48.5 x 30.5 cm
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= FOV:83°
= Spectral Coverage

(- = 0.625-0.75 um

: |

#

& IFOV: 29 prad

. 0.4-0.96 um
= 0.4-0.5 um
= 0.5-0.625 pm

T —

0.75-0.85 pm
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’Ralph: LEISA .

D
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Organics X

P

o
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= IFOV: 80 urad
m FOV: LEISA 4.6°x3.2°
m Spectral Coverage: 1.0-3.6 um

o
o
o O

Geometric Albedo
o
e |
(&) ]
AREE EARAE RS BALAE BARE BLELE

o

TAD09336-LUCY Wavelength (l-lm)




LUCY

Thermal Emission Spectrometer

= Provider: ASU
@ Heritage: O’'REX, MGS
= Average Power: 11.9W
m Mass: 6.2 kg
m Volume: 28.9x37.5x51.2cm
m Spectral Range: 6 — 100 um
m FOV: 8 mrad (single channel)
200 Equatorial Temperatures, Trojan Asteroid, Albedo = 0.1
150
x
+=100E
501 -
[ Diurnal Thermal Inertia = 10, 20, 50, 100 MKS i
180  -120 60 0 60 120 1801
TAD09339-LUCY longitude (deg)

L'TES

B TR e A R TR R
. Surveying the Diversity of Trojans
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Telescope

.. L'TES CAD Model Spectrometer

GODDARD
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e Radioscience EXperiment

 Measures target masses
o 2-way measurement (i.e. round trip
* Onboard telecom system
« Ground antenna network

ﬁ GODDARD & 27
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Spacecraft

IPP Gimbal

L'LORRI

Z-axis
HGA boresight

L’LORRI

20° e = L’LORRI
— f — Dust Cover
X-axis S N
N -
HGA (2 m)\

Instrument Pointing Platform

Main Engine

Y-axis

Ultraflex Wings (6 m dia)

ﬁ GODDARD 28
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Science Objectives é? ,

Surface Composition
-

Lucy will map the color,
composition and regolith properties
of the surface and determine the
distribution of minerals, ices and
organics species.

- e

Interigr anﬂ.,Bng Properties~

- -
-

Lucy will map albedo, shape, Lucy will determine the masses
crater spatial and size-frequency = and densities, and study sub-
distributions, determine the nature = surface composition via crater
of crustal structure and layering, windows, fractures, ejecta

and determine the relative ages of = blankets, and exposed bedding.

surface units.

We will also look for rings and satellites

®
LOCKHEED MARTIN ﬁ
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November 2028 !
1999 VQ,, Encounter |

April 2028
1997 TS,, Encounter

September 2027
1999 WB2

April 2025

Lucy's Tour

Ftame rotating with Jupiter

1981 EQ, Encounter

August 2027
Eurybates Encounter

o,

Surveying the Diversity of Trojans Fi 01

March 2033
Patroclus/Menoetius Encounter

Lucy'sinnovative trajectory obtains flybys of all known Trojan spectral types and leverages the
fortuitous ahgnmem of Patroclus and Menoetius in the plane through the L, swarm

Color Key
Caype Paype Doype | 1981 EQg
o

Main Belt

Type c
Diameter (km) 39

]|
B
oo |
—

Patroclus/
Menoetius

L, Trojan L, Trojan L, Trojan L, Trojan LéTm}an
inary

c | p [ o ] e

= e o o

Unknown

o |

I

| w5 | ws |
_-

| oo | o2 |

|55 |

Eurybates | 1999 WB,  1997TS,, | 1399va,

Visible Albedo 0.1
Eccentricity 0.19
Inclination (deg) 44

I VO O

- All known spectral types - Both the L, and L, swarms
- Near-equal mass binary - Disruptive collision remnant

- Very young MBA.
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LUCY:i" Surveying the Diversity of Trojans §
We have found a trajectory that visits 6 Trojans and 1 MBA ‘ff
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