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Objective

We will explore and sample the C-type asteroid Ryugu, which is a more
primitive type than the S-type asteroid Itokawa that Hayabusa explored,
and elucidate interactions between minerals, water, and organic matter
in the primitive solar system. By doing so, we will learn about the origin
and evolution of Earth, the oceans, and life, and maintain and develop
the technologies for deep-space return exploration (as demonstrated
with Hayabusa), a field in which Japan leads the world.

Expected results and effects

By exploring a C-type asteroid, which is rich in water and organic
materials, we will clarify interactions between the building blocks of
Earth and the evolution of its oceans and life, thereby developing solar
system science.

- Japan will further its worldwide lead in this field by taking on the new
challenge of obtaining samples from a crater produced by an impacting
device.

*We will establish stable technologies for return exploration of solar-
system bodies.

Features:

*World’s first sample return mission to a C-type asteroid.

*World'’s first attempt at a rendezvous with an asteroid and performance
of observation before and after projectile impact from an impactor.

-Comparison with results from Hayabusa will allow deeper
understanding of the distribution, origins, and evolution of materials in
the solar system.

International positioning:

-Japan is a leader in the field of primitive body exploration, and visiting
a type-C asteroid marks a new accomplishment.

*This mission builds on the originality and successes of the Hayabusa
mission. In addition to developing planetary science and solar system
exploration technologies in Japan, this mission develops new frontiers
in exploration of primitive heavenly bodies.

*NASA too is conducting an asteroid sample return mission, OSIRIS-REx
(launch: 2016; asteroid arrival: 2018; Earth return: 2023). We will
exchange samples and otherwise promote scientific exchange, and
expect further scientific findings through comparison and investigation
of the results from both missions.

(Mlustration: Akihiro

Ikeshita)
Hayabusa 2 primary specifications
Mass Approx. 609 kg
Launch 3 Dec 2014
Mission Asteroid return
Arrival 2018
Earth return 2020
Stay at asteroid Approx. 18 months
Target body Near-Earth asteroid Ryugu

Primary instruments

Sampling mechanism, re-entry capsule, optical cameras, laser
altimeter, scientific observation equipment (near-infrared, thermal
infrared), impactor, small rovers
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Outline of mission flow 44

Asteroid arrival
Launch > June 27t 2018
December 39, 2014 A

Earth swing—by
December 319, 2015

Examination of asteroid via remote sensing
observations, followed by the release of ]
the small lander and rovers. Obtain
samples from the asteroid surface.

Return to Earth Departure from the asteroid
End of 2020 <7 November - December, 2019

After confirming site safety,

Sample analysis touchdown to the crater to Create an artificial crater on
collect subsurface material the asteroid surface using
an impact device. 6

(Mustration: Akihiro
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Earth, life and
oceans

Asteroid
Ryugu’ s history

Earth’ s oceans and
the evolution of the
materials for life
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Significance of Hayabusa2

Science

Space Exploration Engineering

Planetary Defense

Planetary Resource

Hayabusa? is pushing forward the boundaries of small body surface activity
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People in charge of Hayabusa2
320 International Scientists

50 Operation Staff

+200 Engineering Staff 12
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Project schedule

raRTARRRae

-. 2015 2016 2017 2018 2019
Event ;W | \ 4 A A

A A A A
launch Earth swing-by Arrival at Ryugu Departure from Ryugu Capsule re—entry
(Dec 3) (Dec 3) (Scheduled: June (Nov~Dec) (Late 2020)
27)
ESA(MLG/WLH)
test operations Southern hemisphere station Interim period
(May 21- 22) operations (CAN/MLG) Optical navigation  (Solar conjunction)
Oct May May  Ju Dec Jan
@ | S = —
lon engine operations X M-ar Jy-n Mar_May NCW_AW Jan_Jun TBD_TBD TBD-TBD
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Deployable camera X-band low-
(DCAM3) X-band gain antenna

-band mid-
gain antenna
Ka-band high-

gain ante

Solar array paddle @ g
oot N e
Optical navigatiohaser altimeter, Near-infrared Thermal
camera, ONC-T LIDAR spectrometer, infrared camera,
NIRS3 TIR

Scientific observation equipment

Star trackers .
lon engine
Near-infrared spectrometer
(NIRS3) RCS thrusters

Re-entry capsule Optical navigation

Camera

Laser altimeter ONC-T, ONC-W1

Sampler horn

(LIDAR) Optical
navigation
Small lander & rovers \Cignera ONC-
MASCOT Minerva 2 MASCOT lander

Thermal infrared
camera
(TIR)

: ' ; Minerva-11 rovers

\_ 11-1A - 11-2

Small carry-on impactor (SCI)
N 1B Target markers x 5
Built by DLR and 11-1: By the JAXA Minerva-1l team
CNES 11-2: By Tohoku Univ. & the Minerva-I| Size: 1 x1. 6x1. 25 m (main body)
Consortium Solar paddle deployed width 6 m
Mass : 609 kg (incl. fuel)
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Country
Destination
Mission Type
Total Mass

(Fuel Mass)

Acceleration
Capability

Onboard
Instruments

Comparison of Interpﬁﬁetary Probes 3543'54
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Hauabusa2
Japan
Asteroid
Round-Trip

609kg
(60kg)

3km/s

14
Remote Science
Sampling
Lander/Rover
Crater Forming

-
[

Akatsuki
Japan
Venus

One-way

518kg
(200kg)

1.5km/s

6
Remote Science

OSIRIS-REx
USA
Asteroid
Round-Trip

2110kg
(1095kg)

2km/s

8

Remote Science

Sampling

Rosetta

Europe

Comet
One-way

3000kg
(1800kg)

2.3km/s

11

Remote Science

Lander

| i?"l

Dawn
USA
Dwarf Planet
One-way

1200kg
(275kg)

10km/s

3
Remote Science
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Japanese Spaceprobe is Bento (Lunch Box) Style W
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Comet Explorer

Comet Explorer
SAKIGAKE, 1985 SUISEI, 1985

Mars Orbiter Asteroid S&R
NOZOMI, 1998 HAYABUSA, 2003

Venus Orbiter Solar Sail Demo.
AKATSUKI, 2010 IKAROS, 2010

Bento is--- Hayabusa?2 is---
. . Asteroid S&R Mercury Orbiter
j ﬁolo'rful ich \|—/|C?r:qOLFJ>S l—;unctlon HAYABUSA2, 2014  MIO, (2018)
y Cutrlentgrlc C|g ert ormance JAXA's interplanetary
ompac ] ompac mission heritage
v Wallet-friendly Low Cost
v" Full of Love Full of Passion!
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Ryugu ¥ 1ITH EF~hERR AT 18/ 1.0, 9.0{Zkm
ROST2ONE ) IR R AL INA ~INREBIFE 255,  22.0{Ekm
354, 31.08km
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Akt

F2AIFVIVY SBER
(2016/11/22~2017/4/26)

Ryugu¥|3&
(2018%:6-78)
AFITIDY
RSRAZER
F1HMVIYY VB
HWERRA2T 134 (2016/3/22~5/21- BN &T)
(2015/12/3)
BAAITUOUELRE
D N EELFFE 18073 (TP V3B N EED)
BhnEE 1015m/s
SHERH 24kg (36%) )

Interplanetary Cruise (Earth to Ryugu) %%4

Summary of forward cruise ion engine operation
B Flight Record (Launch to Ryugu Arrival)

Phase-3 ion engine operations
(2018'01'10_06'03)Tra_ector ‘o Ryudu 1)Launch — Earth Swingby 1.0yr,  900M km
yectory o 9 2)Earth Swingby — Arrival 2.5yr,  2,200M km

Hayabusa 2 orbit
3.5yr, 3,100M km

\

Total

Phase-2 ion engine operations
(2016.11.22-2017.04.26)

lon engine in

operation e,
lon engine thrusters

of Hayabusa2

Arrive at Ryugu
(Jun—Jul 2018)

Phase-1 ion engine operations

Earth swing-by
(2016.03.22-05.21, incl. added burns)

(2015.12.03)

M Ion Engine In—Orbit Record
Total Operation Time 18,073hrs (Three thrusters total)

Total Velocity Increment 1,015m/s
Consumed Fuel 24kg (36%) -
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(c) JAXA, U. of Tokyo, Kochi U., Rikkyo U., Magoya U., ChibaTech, Meiji U., U. of Aizy

JLOYRJAXA, BRK, S8XK, IH XK, 2 HEX, TEIKX, HAX, X, ELH
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This is Ryugu

*The surface is very dark. The axis of rotation is nearly perpendicular to orbital plane.
*Features include craters, numerous boulders (including rocks up to 130m in size)
and a grooved terrain.

o -,

UTC 2018-06-26 03:50
UTC 2018-06-30 14:13

(¢) JAXA, U. of Tokyo, Kochi L., Rikkyo U., Nagoya U., ChibaTech, Meiji U., U. of Aizu
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~13000 km

Yoil

The Earth and Ryugu photographed by the ONC-T. The Earth image was taken immediately after the
Earth swing-by (Dec. 4, 2015). The natural color image of Ryugu was created using the multiband

image taken on June 21, 2018 using the b, v and w filters.

Image credit: JAXA, University of Tokyo, Kochi University, Rikkyo University, Nagoya University, Chiba

Institute of Technology, Meiji University, University of Aizu, AIST.
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« Top shape with a very circular equatorial bulge
* Radius: mean ~450 m
(equatorial ~500 m, polar ~440 m)
* Mass: ~450 million ton (GM~30 m3s2 )*
* Rotation axis: (*, B) = (180°,-87°)
* Obliquity: ~8°
* Rotation period: P = 7.63 hours
* Reflectance factor (v-band) :0.02

* Crater number rﬂensity: as much as those on Itokawa and Eros

* Many boulders. che largest near the south pole is ~130 m across

* Optical spectra: flat spectra, bluer in equatorial bulge and poles

* NIR spectra: uniform flat (slightly redder) spectra with weak water absorption

* brightness temperature : strong roughness effect (flat diurnal Temperature
variation), higher thermal inertia in the equatorial bulge

(©JAXA. University of
Tokyo & collaborators)

(X The gravity at the equator is eighty-thousandth of the Earth and a few times of
Itokawa)
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Selected landing site candidates ’54'*‘4

Determined landing site candidates
Touchdown : LO8 (backup:L07, M04)
MASCOT : MA-9  Landed on Oct.3!
MINERVA-II-1 : N6 Landed on Sep.21!

Touchdown MASCOT MINERVA-II-1

(©JAXA, University of Tokyo & collaborators)
31
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RTESNT-E M E M R
BYFRE : L0 (/N 7y 7 :L07, M04)
MASCOT - MA-9 10/3 ZFEE L) !
MINERVA-II-1  : N6 9/21 5 FERLL) !

BYFHTIY MASCOT MINERVA-II-1

(OIAXA, BRI E)
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= Surface Exploration by MINERVA-II1 )54#

Two rovers are hopping, collecting data, and constantly sending
data back to the spacecraft.

(Image credit:JAXA) 34
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Rover-1BEN B 52 Z Rl Ih

201849 A 23H 10F
34 M 51185485
JISTETISHELSE (EhiE)

(FL2yb:JAXA)
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Surface Exploration by MINERVA-II1 XA

Rover-1B successfully shot a movie

15 frames captured on
September 23, 2018
from 10:34 — 11:48
JST

(animation)

(credit:JAXA)
36
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FEIK, AKX, REX, ELH) MASCOT

(BEHRIL DUk JAXA, REREXK, AKX, L#HX, A HEX,

MASCOT Delivery Descent jﬁ*"

(Image Credit: JAXA. University of Tokyo & collaborators ) MASCOT 38
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MASCOTDiEEER

MASCOT's Path on the Asteroid Ryugu
Friday, October 12, 2018, 10:30am

DLR Capital Office Berlin

INKE) 195 ) EDMASCOTDERHR
201845 10A 128 17:30 (A AK5f#)
DLR LYY

Dear MASCOT-team

2 days after the landing of MASCOT on Ryugu, and analyzing
the first data and images, it is time for me to thank all of your
for an outstanding job.

When we started the MASCOT-project 7 years ago, it was clear
that it will become hard work to build, to integrate, and to test a
small lander equipped with 4 instruments in only 2 1/2 years
time. I know that all of you had been engaged very much over
a long time before launch and later during cruise phase for
landing preparation. I like to thank all of you, and in particular
our colleagues and partners in JAXA and CNES, for this work
which made a small spacecraft landing a great event in space.
To my knowledge of today, all systems worked nicely and
made it possible to record as scheduled which demonstrated a
careful and high quality work of all contributors as well as a
great team spirit.

I am sure that the data recorded during the 17 hours operation
on Ryugu's surface will become the basis of important
scientific results.
Thank you again!

With regards
Hansjoerg Dittus

DLREEZE Hansjorg Dittus S
MDD AytE—

W
Vo]

MASCOT operation status introduced in IAC
(International Astronautical Congress)

(Oct.5, 2018, Bremen, Germany)
Photographed by Hikaru Yabuta

LA

Press Conference by MASCOT Team

MASCOT's Path on the Asteroid Ryugu
Friday, October 12, 2018, 10:30am

DLR Capital Office Berlin

INKE )20 ) EDMASCOTDERER
Oct 12, 2018, 17:30JST @ DLR Berlin

Dear MASCOT-team

2 days after the landing of MASCOT on Ryugu, and analyzing
the first data and images, it is time for me to thank all of your
for an outstanding job.

When we started the MASCOT-project 7 years ago, it was clear
that it will become hard work to build, to integrate, and to test a
small lander equipped with 4 instruments in only 2 1/2 years
time. I know that all of you had been engaged very much over
a long time before launch and later during cruise phase for
landing preparation. I like to thank all of you, and in particular
our colleagues and partners in JAXA and CNES, for this work
which made a small spacecraft landing a great event in space.
To my knowledge of today, all systems worked nicely and
made it possible to record as scheduled which demonstrated a
careful and high quality work of all contributors as well as a
great team spirit.

I am sure that the data recorded during the 17 hours operation
on Ryugu's surface will become the basis of important
scientific results.

Thank you again!
With regards
Hansjoerg Dittus Message by DLR Boa_rd
Member Hansjorg Dittus 0
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Mission Accomplishments LKA

Ryugu Arrival

Characterization of Ryugu, Mapping, Gravity Measurement.
Delivering Two MINERVA-II1 Rovers to Asteroid Surface
Delivering MASCOT Lander to Asteroid Surface

Spacecraft Touch-Down

Crater Forming

Delivering MINERVA-II2 Rovers to Asteroid Surface
Spacecraft Touch-Down to Crater®* (if situation allows)
Earth Return

%]
|
%%|
|
[
[
[
[
[

42




HYMNESITETULVELS:

Syl avBBERIUTIES Y oA—RWVETET
http://www.hayabusa2.jaxa.jp/enjoy/material/
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Thank you

Additional ENGLISH Materials
http://www.hayabusa2.jaxa.jp/en/enjoy/material/
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