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Overview of
SWI (Submillimetre Wave Instrument)
for JUICE (JUpiter ICy moons Explorer)

Submillimeter-wave spectrometer

JUICE/SWI

SUJ' Japanese team

iEviEdistal Y. Kasai (NICT)
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Absorbed by gases, water, solvents....
Transperent in plastics, papers..

IRVisible

Wavelength 1m 1pum 1nm

Frequency 300 VMIH=z 300 TH=z=z 300 PH=z
T e —

Interaction . =
with molecules @ ®
and electrons

Rotation Vibration O uter-orbit Inner-orbit
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Planetary Science and Sub-mm/THz Observation
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Observation Geometry
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Earth from ISS (International Space Station) at 400km
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Photo of the Earth taken by the moon
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Diurnal chemistry of
minor atmospheric compositions
in upper atmosphere

< -
N,

-5 .;: i \[ \
. _I_ International Space Station Yasko KASAI
| .

National Institute of Information and

Limb Sounding Communications Technology (NICT)

SMILES

Tokyo Institute of Technology
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Thanks to

SMILES Project Members

SMILES is a Collaboration project of NICT and JAXA

NICT SMILES members
Leader:

Instrument and L1b:

L2 research:

Validation and Science:

Climatology:
Modeling:

JAXA SMILES members
Leader:

Instrument:
L2:




SMILES Motivation

1. Demonstration of the 4K super
sensitive sub-mm sensor in space

2. Reveal the current status of
atmospheric composition in the
Earth’s upper atmosphere with 10-20
times better sensitivity
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S M I L E S Superconducting Submillimeter-Wave Limb-Emission Sounder

\\\ Frequency region: 600 GHz (624.32-626.32, 649.12-650.32GHz)
\\\\ £ B Receiver system: Super-conductive SIS receiver
% Tsys = about 350K

. uﬁ' Obs. height region: UT — lower ionosphere

g — Latitude coverage: 65N-38S (Nominal)

(38N-65 total 4 weeks)

Non sun-synchronized orbit

/f’/

s 1SS Orbiit:




SMILES observed wide height region

between upper troposphere and lower ionosphere
oo JEM/SMILES Observation e smesmes s
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Precision: 102%™ 200%™ 30%™** 30-50%***
] ) (single scan) (single scan) (dally average) (nﬁonthly average)
Altitude resolution: *2.1-3.7km, *2.1-3.7km, **3.6-4.7km, **46-6.7km



Courtesy JAXA

Launch and install to ISS in September 2009

Y,

SMILES installed to JEM/ISS

HTV installed to ISS
Sept 18

Courtesy NASA

HTV/HIIB
Launch

Sept 11




Status of SMILES

- Launch: 11 September 2009
- Observation period: 12 October 2009 — 21 April 2010
- SMILES Project (JAXA-NICT) plan to finish FY 2013,

BUT!

NICT continue the current SMILES research on

v L1b calibration algorithm and data processing

v L2 retrieval algorithm and data processing

v' L3 = Climatology development

v Future mission study (Anu/APOLLO, JUICE/SWI)

as a center research institute for sub-mm/THz technology in Japan
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Temperature control system on JEM/ISS was quite stable



Variation of System Gain: <5%,_ (in 1-minute)

Spectrum Ripple: <1° “-" I[fnr T, > 100 K)

~~o
()

Image hand Re]echcm > 15 dB

Great thlngs

- Less noise than expected. 700K -> 350K
- Quite low ripple the spectrum.

- Stable less than 1K over scan.

Problems:

- Pointing problem: Bad pointing information with no oxygen
observation. Both ISS and Star Tracker has different problem.
- Non- I|near|ty problem of the spectrum

Brightness Temperature [K]

P = s = e e—————— e —————— S

A

Temperature control system on JEM/ISS was quite stable



L2 analysis of SMILES spectrum

What we have to care for the SMILES retrieval
1. SMILES Characteristics: Ultra good signal to noise ratio
— Required ‘accurate’
- instrumental functions. __SMILES Observation Spectrum (Band B)

- radiative transfer calculation including
spectroscopic parameters and continuum model.

Brightness Temperature [K]
= [

2. ISS problem: Large uncertainty of the tangent he ™ ™ == A
and SMILES has no O2 observation.
— Required appropriate retrieval method.

3. Characteristics of Heterodyne passive sub-mm sensor
Not accurate calibration (compared solar occultation for example) and
problems such as non-linearity of the spectrum are exist. AOS
spectrometers have frequency drift.
—> Required appropriate retrieval method.
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Validation of stratospheric and
mesospheric ozone observed by SMILES
from International Space Station

Y. Kasai1’2, H. Sagawa1, D. Kreyling1, K. Suzuki1'3, E. Dupuy1’4, T. O. Sat02’1,
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2Tokyo Institute of Technology, Yokohama, Kanagawa, Japan

3The University of Tokyo, Graduate School of Arts and Sciences, Meguro, Tokyo, Japan
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SMILES NICT project activity

L1b, L2, validation, and Climatology

v700 (Aug 2011-) | v215 (Oct 2011-) 03, HCl, CIO, HOCI, | 03, Hcl, Clo,

03, HCI, CIO, HO2, HO2, BrO, T HO2, HOCI,
HOCI, BrO, CH3CN, BrO, T
HNO3, T, wind

24 -100km

v800 (Dec 2012-) | v300 (Aug 2013) | + O3 isotopes
Current version

Tangent height, + O3 isotope

calibration for non-
linearity problem, AOS 12 -100km

parameters improve a
lot.

V900 (2013) | '+ CH3CN, HNO3

Freq. collection required.




SMILES
NICT v215 Validation/Evaluation Status

5%, 20% (100-0.01 Y. Kasai et al., “Validation of stratospheric and mesospheric ozone observed
hPa) from SMILES onboard International Space Station” Atmos. Meas. Tech.
Discuss., 6, 2643-2720, 2013

ClO 10%, 20% (60— T. O. Sato et al., “Strato-Mesospheric CIO Observations by SMILES: Error
0.1hPa) Analysis and Diurnal Variation”(2012) Atmos. Meas. Tech. Discuss., 5,
4667-4710, 2012
H. Sagawa et al., “Validation CIO observed from SMILES onboard
International Space Station” Atmos. Meas. Tech. Discuss., 6, 613-663, 2013

HCl 5%, 20% (100-0.01 K. Yokoyama et al., “Validation of HCl observed from SMILES onboard
hPa) International Space Station”2013 to be submitted to JGR

HOCI, HO2, 30%, 30% (100 — 0.1 | P. Baron et al., “Observation of horizontal winds in the middle-atmosphere

BrO. winds hPa) between 30S and 55N during the northern winter 2009/2010.” (2012)

ice cloud/ Accepted to ACP

K. Kuribayashi et al., “Evaluation of CIO + HO2->HOCI+02 reaction in the
atmosphere by SMILES observation”, Atmos. Chem. Phys. Discuss., 13,
12797-12823, 2013

R.A. Stachnik et al., “Stratospheric BrO abundance measured by a balloon-
borne submillimeterwave radiometer” (2012) Accepted ACP

E Millan et al.,“SMILES Ice Cloud Products”, (2012), Accepted JGR

humidity



What SMILES found?

Earth from ISS (International Space Station) at 320km



Summary

SMILES successfully performed the observation during
12 October 2009 and 21 April 2010 with one order
magnitude better sensitivity than past instrument. The
spectrum performance is absolutely good.

SMILES observation revealed the chlorine chemistry
up to TOA

1) Found HCl reached to the top of atmosphere

2) found ClO layer in the atmosphere

3) Defined the Cl chemistry in the Earth atmosphere
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Water vapor isotope observation

by satellite-born submillimetre radiometer

Yasuko Jessica Kasai(®),

Odin/SMR team
Joachim Urban(®, Donal Murtagh®), Philippe Ricaud(®), Patrick Erikkson, and Odin/SMR group(?:3>)

SMILES team
Satoshi Ochiai (1), Hiroshi Kumagai (), Philippe Baron (1), Jana Mentrok (), Yoshihisa Irimajiri(?)
Stefan. A. Buehler (4, Masato Shiotani ), and JEM/SMILES Mission Team

1 National Institute of Information and Telecommunications Technology (NICT), Japan
2 Radio and Space Science Department, Chalmers University of Technology, Sweden
3 Laboratoire d'Aerologie, CNRS, Universite Paul Sabatier, France

4 University of Bremen, Germany

5 Swedish Space Corporation, PO Box 4207, 171 04 Solna, Sweden

6 Kyoto University, Japan



« Swedish led mini-satellite.
Cooperation with Canada, Finland, France.

* Launched in February 2001.
Design lifetime: 2 years.

« Circular quasi-polar sun-synchronous orbit:
625km altitude, 96min/orbit,
6h/18h equator crossing.

 Time sharing: 50% astronomy, 50% aeronomy.

* Limb-sounding in aeronomy mode:
~45-65 scans/orbit, ~15 orbits per day.

* 2 instruments:
SMR (Sub-Millimetre Radiometer),
OSIRIS (Optical Spectrograph and Infrared Imaging System)

* Aeronomy science objectives:

stratospheric mode (CIO, N,O, HNO,, O;), water isotope mode (H,0, HDO, H,0-18, H,0-17),
odd hydrogen / summer mesosphere mode (H,0, O,;, CO), odd nitrogen mode (NO, HNO,, NO, )



H,O, HDO, H,!80 Observation

H;O-1600488.5 GH=
0.6°8 f 310.9°R
4: he= 21 San

gt
15288 4233 432D.0 4202
7: he= 3 Z2km

488.9 GHz
band

Odin/SMR

Odin/SMR
12-Sep 2002

~ 20 km

490.4 GHz
band



An Example of the Retrieved profile
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An Example of the Retrieved profile
HDO
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Errors of Odin/SMR measurements

Measurement: Precision (1c) for single scan
H,0-16 15-20 % (0.5-1ppmv)
HDO ~20 % (<1ppbv)

Requirement for the isotope study: Precision (10)
H,0-16 lessthan2 %
HDO less than 2 %

. &

SHOULD accumulate the retrieved profiles more than 100
- Three month profiles averaged.



6D comparisons

-Depletion express as :

SD(%) = (% _1)x100

0

R, : Observed isotopic ratio [HDO]/2[H,0]
R,:measured in Std Mean Water (SMOW) [HDO]sy,0w/2[H;0]smow

Some bias may remove by taking ratio HDO/H20



3 month mean (2002)
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Comparison of 6D with past measurements

1. Mid-latitude region

Odin/SMR measurements 60N to 20N FIR-Emission (valioon born)
6 flight for 33N, 1 for 68N
200 1 2002 . 4ON D.G.Johnson et al., (2001)
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Comparison of 6D with past measurements and 2D model
2. Equator Region (-20°to 20°)

Odin/SMR measurements _
Ridal, 2002

20012002: 0.0N
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o
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Q
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80 =70 —80 =50 —40 —30 —20
DELTA_HDO_4304 [%]
(# profiles: 483)

Figure 6. Isotopic ratios of water vapor (left panel) and
methane (right panel). The solid lines are measured daily
mean profiles by the ATMOS instrument from the tropical
region (—20° to 20°) in November 1994. The error bars
indicate the 1o standard deviation. The dashed lines are
simulations by the CHEM2D model (equator) and the dot-
dashed lines are simulations by the 1-D model.




Odin/SMR Mid-Latitude Bechtel, 2003
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6D Comparison with 2D model
zonal mean comparison

SEPTEMBER 2002

Odin/SMR: DELTA_HDD_4204 11,/09/2002 {L1b—v1.4_12—023)
L | | | | |

60

50

Lal] Asree at 10hPa. Model 6D value is larger than the measurements one
sPAd at 1hPa.
Bl Notice: This model is not very good with CH,-HOx chemistry
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6D Comparison with model 3
zonal mean comparison

Half year means Schmidt 2005
March-April-July-Aug-Sep (2002) Annual mean
-
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Summary of 6D comparisons

in the middle stratosphere
-Comparison with past measurements

FIR(mid-latitude): Excellent Agreement
ATMOS(equator): Agree very well

-Comparison with model calculations
"Bechtel 1D model : Agree very well
(this model includes no H2 chemistry)
*Ridal 2D model:
1hPa--Model value is larger than measurements
10hPa—Model value is slightly larger than obs.
(this model is not very good with CH,-HOx chemistry)
*Schmidt model:
1hPa--Model value is larger than measurements
10hPa—Model value is consistent with obs.



6D value in the atmosphere

Key
VSLS - Very Short-Lived Source gases
ond orgonic intermediates
XHal - imtermediate products ond

Chemical Interaction imorgamic halogen reservoirs

X0 - halogen radicals, X=Cl, By, |
Water Vapor & CH4, H2, etc TTL TIT - Thermol Tropical Tropepause

TIL - Tropical Tropopouse Layer
STT - Secondary Tropicol Tropopowse

Physical interaction rivgglont Tevsition Loyes

Stratosphere

Water Vapor & Cold Trap in TTL (Temp., Cloud)
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lewrge-scale
fremsport

Origin
6Dini~-65%
(annual mean value)

McCarthy et al, 2004

Schmidt et al. 2005

Sviphur dry/wet
chemistry deposition

10, BrO, Ymeon [ 1, Br,
ao a

&Dini~ -75 ~-60%

convection

OH OH
EQUATOR

— @ m wet deposition

Key
VSLS - Very Short-Lived Source goses
ond orgonic infermediates
XHal - imermediate products ond
imorgamic halogen reservoirs
X0 - halogen radicals, X=Cl, By, |
TIT - Thermal Tropical Tropopause
TTL - Tropical Tropopouse Layer
STT - Secondary Tropicol Tropopowse
ExTL - Extro-tropical Transition Loyer
PBL - Plenetary Boundary Lary

ExTL
frontal m
wplift
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May write

‘fij[:)t()tczl (:(3/(5:) = 65 ][:)

+0 D(CH,)+d D(H,)+06 D[O'D]) + 6 D(hv)

ini

Origin Source Sink
(Dynamical) (Chemical) (Chemical)
6D ini: Input from TTL

6D (CH,): 6D source from CH4 oxidation
6D (H,): 8D source from H2 oxidation
6D (OD): 6D sink due to OH reaction

6D (hv): 6D sink due to photolysis



6D — Global distribution

Winter
Odin/SMR: DELTA_HDO_4904 28/07/2002 (L1b—v1.4_2—v223) Summer
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0.1 |

H2/HD chemistry region? :

Methane Chemistry Domain region
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6D distribution in the stratosphere

(%) =6 D, .+ D(CH,) +0D(H;) + 6 D(O'D) +Bm)

total

Origin Source Sink
(Dynamical) (Chemical) (Chemical)
6D total:
6D ini: ~-65% (I\/IcCarthy et al, 2004

6D (CH,): 6D source from CH, oxidation
6D (OD): 6D sink due to OH reaction



oD distribution in the stratosphere

oD, (%) =6D,.+6D(CH,)+6BEH)+06 D(0O'D)]) +6-Bth)

ini

Origin Source Sink
(Dynamical) (Chemical) (Chemical)
6D total:
oD ini: ~-65% (McCarthy et al, 2004 )

-47(%) = -65(%) + 6D (CH4) + 6D ([0'D])




Conclusion
6D distribution in the stratosphere

[6D (CH4) + 6D (O'D)] may roughly estimate
for the half year mean in the methane
chemistry region

Future investigation may allow to carry out the
correction for 6D with methane oxidation in the
stratosphere



Isotope measurements
-Odin/SMR has been measure HDO and H20, (Also, UTH and Ice cloud)

Comparisons
-Comparison of H20 with satellites data
Generally agree but there are bias in lower stratosphere
-Comparison of 6D with past measurements, FIR and ATMOS
Agree very well
-Comparison of 6D with several models data
10hPa —consistent
1hPa — models data were larger than observation
(CH4, HOx Chemistry of 6D in these models?)
-Qualitative validation need

From Odin Data

-Seasonal variation of 6D observed

-Methane Chemistry Region in the stratosphere may has
[6D (CH4) + 6D (O(*D)] = + 18% as a first assumption



Overview of
SWI (Submillimetre Wave Instrument)
for JUICE (JUpiter ICy moons Explorer)

Submillimeter-wave spectrometer

JUICE/SWI

SUJ' Japanese team

iEviEdistal Y. Kasai (NICT)




JUICE/SWI Science objectives

SWI objectives

S1.

Exploration of
the habitable
zone: Ganymede,
Europa, and
Callisto

S2.

Explore the
Jupiter system
as an archetype
for gas giants

Science objectives

51-1: Characterise Ganymede as a | St cture, dynamics and composition of

planetary object and possible
habitat

S1-2 Explore Europa’s recently
active zones

S1-3 : Study Callisto as a remnant
of the early jovian system

S2-1: Characterise the Jovian
atmosphere

S2-2 : Explore the Jovian
magnetosphere

S2-3 : Study the Jovian satellite
and ring systems

atmospheres/exospheres of Galilean
satellites

Important isotopes in the atmospheres
of Jupiter and the Galilean satellites

Thermophysical properties of
Ganymede and Callisto surfaces

Structure, dynamics and composition of
the Jovian stratosphere from 400 to
0.01 hPa. Direct wind measurements!

No contribution

Remote sensing observation of lo’s
atmosphere and surface
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Understand the atmospheric inventory i
to address origin and its development of atmosphere

Four (icy) moons have different atmospheric structures from

different inner structures and circumstances

Molecular tools to trace history of icy moons
O/P: Origin of Ganymade

Isotope ratios: Chemical/Physical evolution

0 Microwave permittivity measurement: Surface ice/ground property
O
S0,, 50O, NaCl o' Q g | magneticfield
F_Uf'opa 'HDO/HZO Spattering ’
0. H.O? -H,¥0/H,0 & /
2 2% Ganymede

o -0/P ratio © VoIca‘no Vs

, H,, HZO? .
Callisto

Dau/night temperature change of Ganymede ice surface
| Daytime 150K, Night time 80 K (Orton et al. 1996)
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Importance as an “ocean planet”: planetary processes and chemical evolution
— Comparison of Ganymede and Callisto (and Titan, Enceladus...) chemical reactions in the deep ocean

* Deep-water magma ocean on Ganymede during
accretion? Active water-rock interactions? — O isotopes

* Massive escape of proto-atmosphere — D/H ratio
* Chemical evolution (organic synthesis) on Ganymede?

700
@) H,0(+CH,+NHjs)
ATMOSPHERE

Formation model of

large icy satellite
(Kuramoto & Matsui, 1994)

SURFACE TEMPERATURE (K)

Sekine

MASS (M



Isotopic compositions of ice at Jupiter

Snowlines & isotopic exchanges in the solar nebula — Indicator of the disk conditions

Homogenization
N\

A
H,0160 K)
/

Exchange of
\

COZ)SO K) NH,, CH4'§50 K)
K4 Protoplar,vetary disk !
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Interior Structure of Europa, Ganymede and Callisto

Galileo Mission Achievements:

Gravity data indicate different levels of
differentiation of the interior of Europa and
Ganymede, and suggest the presence of a

metallic core in the interior of Ganymede and
possibly of Europa

Gravity data suggests that Callisto is most likely
partially differentiated with a deep interior
composed of a mixture of ice and rock

Magnetometer data provided evidence of an

intrinsic magnetic field on Ganymede likely
produced by a dynamo action of a metallic core

Magnetometer data indicated the presence of
induced magnetic fields on Europa, Ganymede
and Callisto likely produced by subsurface oceans

Europa
R=1,569 km
M = 4.8x10%? kg

Ganymede
R=2,634 km

| M=1.48x10%kg

Callisto
R=2,410 km
M = 1.08x10%* kg



Ganymede: Key Questions

Ice shell

\ Ocean
What is its interior structure, and what is | A
its mass distribution? | Rocky interior
Is Ganymede in hydrostatic equilibrium? % A Y
How does it generate its intrinsic magnetic B | Core
field? - o s
Is liquid water and a global subsurface ;

ocean present on Ganymede?

What is the thickness of the outer ice
shell?

Is the ice shell convecting?

What is the relationship between the
surface geology and the interior?

What is the role of tidal heating in the
evolution of Ganymede?

Is material exchange present between the
interior and surface of Ganymede, and
how does it work?




Europa: Key Questions

(To which JUICE will not provide answers)

Ice shell

Ocean

- Is liquid water and a global subsurface \

Rocky interior

ocean present within Europa?

- How thick is the outer ice shell?

e+ .' _gge Core
-  What is the relationship between the B
surface geology and the internal dynamics? | e

- Isthe ice shell convecting?

-,
i
| (3 i E
o .
| o e

thin-conductive ice shell  thick-convecting ice shell




Callisto: Key Questions

What is the internal structure of Callisto?

Is its interior partially differentiated with a
deep interior composed of a mixture of ice
and rock?

Is liquid water and a global subsurface
ocean present on Callisto?

What is the thickness of the outer ice
shell?

Is the ice shell convecting?

What is the relationship between the lack
of surface geology and the evolution of
Callisto?

What has produced the difference in
geology and interior structure between the
Galilean satellites (e.g. formation,
accretion, tidal evolution)?

Ice shell

Ocean

Deep interior




Interior structure of solar system
bodies holds the key to their
formation processes.

In the absence of seismic data,
interior structure may be inferred only
from gravity, rotation and magnetic
fields.

Galileo’s data marred by plasma
noise (100 times larger than JUICE)

Main science goals of 3GM:

Determination of the static gravity
field (20x20) and geoid of
Ganymede.

Determination of Ganymede’s tidal
Love number k2 (to 0.1-1%)
Measurement of the unconstrained
quadrupole field of Europa.
Determination of the static gravity
field (3x3 or 4x4) of Callisto.
Determination of Callisto’s tidal Love
number k2 (to 10%)

Europa
Ocean likely ~ Ganymede Callisto

Ocean ? Ocean ?

What is the interior structure of the
satellites, and what is their mass
distribution?

Are the satellites in hydrostatic
equilibrium?

Is liquid water and global subsurface
oceans present on Ganymede and Callisto?

What is the thickness of the outer ice
shell? Is it convecting?

What is the relationship between the
surface geology and the interior?

What is the role of tidal heating in the
evolution of Ganymede?



Scientific requirements of SWI

Jupiter

Icy moon
Atmosphere
Surface 3-D profiles of temperature, winds, and atmospheric

compositions
Ganymede regolith studies: Highly Ganymede/ SL-9 impact: CS, HCN, CO
Determine surface brightness | resolved 3-D Callisto: external oxygen/water supply
temperatures in 600 and 1200 | monitoring of | 17-0, 18-0, D, of uncertain origin
GHz bands with high spatial tracers: O/P, 02
resolution Searchfor | 13-C, NH3, CH,OH, H,CO,HC,N, CH,CCH

_ _ new species CH30H, H2CO, halides(HCl...)... 17-0, 18-0, D,
Constrain amplitude and CN, C3N, CS, €3S, | 13-C, 15-N, 34-S(HCN, CO, CS)
phase of thermal wave within : )
the first centimeter of the Vertical res. 1 km ~ scale height
regolith Spatial res. 2-10 km < 5 degrees,
Determine thermo-physical
properties of the regolith T K] < 2K (accuracy) <5K
in collisional range
Correlate surface features
with atmosphere features _ .
Doppler 10 m/s Direct (Doppler) wind
winds:

measurements (3-D): 10 m/s
accuracy (CH,, H,0)




Instrument characteristics

—  Baseline
e Telescope D~30cm
» Spatial resolution ~ 1000 km @ 15 RJ distance
» Vertical resolution: < ~ scale height
* Two spectral bands: 530-605 and 1080-1275 GHz
* |nstantaneous bandwidth ~1 GHz, resolution ~100 kHz
* Tunable LO

 Passive cooled Schottky receivers: T
600 GHz

Detection capabilities:
1 min: line contrast ~ 0.3 -0.8 K
1 hour: line contrast ~ 0.05-0.15 K
* Heritage: MIRO/Rosetta Herschel-HIFI, SMILES, Odin/SMR
e ~10kg,35-50W

(DSB) ~3000 K at 1.2 THz, 1500 K at

sys
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Optics - requirements

-> Mechanical design driven by optics!
-> Optics design driven by science!

Situation ‘
Distance to Jupiter: 1076 km (15 RJ)
Primary: 30cm

Scanning: 2-axis: +/-4° (limb)

1-axis: +/- 60° (moons)
Science requirement: 10 m/s (winds in limb)
Pointing knowledge: 11.5 arcsec



SWI Development Schedule

Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

2019 2020 2021 2022 2023

JFY 2011 2012 2013 2014 2015 2016 2017 2018

JUICE Milestone V¥V PRR y Requirements Revigw)
V¥ SRR|(System Requirements Review)
¥ PDR|(Preliminarny Design Review)
VW CDR (Critical Design Review)
V Flight Model Acceptance Review
AA A V¥ Launch
SWI System V¥ IPRR V| ISVR V¥ IPDR V¥ ICDR V IFAR
I 5
o
DM SIS
A = |Q
(o)}
STM g =
[ I A A
Antenna System " EQM 2
(Japanese contribution) § A
S b FM
& I
3
1 -2015/02 =z ®
» Conceptual design of antenna system I
* Investigation and elemental tests of 2015/02 - 3
[ 2016/11 z
* DM development _ ”
« Preliminary design of antenng system  °|Preliminary { Critical 2016/11 -
design of antenna
system 2018/11
*|STM and EQM « FM and FS |
developmen development
* Post-shipment supports
* GSE prepargtion and data processing|algorithm
» Science promotion
Pre-Phase A > Phase A/B1 > Phase B2/C/D Phase E
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Herschel/HIFI

Rosetta/
MIRO

JEM/SMILES

Japan
JPNPI: = Y. Kasail,

&l H. Sagawa!

jAIES: T. Nishibori? K.
Kikuchit, T. Manabe3, S.
Ochiail S. Obara?, K.

Matsumoto?, K. Yanagase?, M.
Otsuki?,

FLZ: T. Kuroda?, Y. Sekine, T.
Satol, H. Maesawa, Y. Kasaba,
H. Nakagawa, T. Imamura, K.

Noguchi,

INICT, 2ISAS, 30Osaka P. Uni.,
4TTohoku U., °Nara W. Uni.,
Red: SWI Co-l




To understand the origin, evolution, sz
diversity of our solar system. Sagawa”

‘..'5{: 2% P
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guE mIm Im I - -y,

(Characterization of '
' oursolar system

 Material-based formation
theory of our solar system.

* Factual evidence of mixing of

volatiles in solar nebula.

"

lanetary formation theory & B e :

: . W * Insights for the snowline &

Qe ation oI s S CES L K/4I the oﬁgin of water on Earth
[

JUICE and SWI * Planetary & geochemical

processes on icy satellites.

, | ° Processstudies onthe
/% -l | planetary surfaces.
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If you are interested in to join JUICE/SWI

Hideo Sagawa sagawa@nict.go.jp
Yasko Kasai ykasai@nict.go.jp



