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Abstract

ESCAPEIZESADAHE! (800EMY T R) BlEI v 3 VEHEESA-M5 (2029FFT5 L) ICKHE
UK ERIEEHE TH %, ZOENIEEHTRBREORIAEZEENICHTE T 2 DICRAIRA
BEYESZEESAITZIETHD. FOEHICEESOOkmUETOHE - BEE AT (BEEE L0
. Exosphere, it O*ICHIREEOHRSKE) OMEEANZITE S, BEANICIE. SERNFOEZESA (
o - KE) &XFREER (AAXRREH) zlHsdbEIE&T AESKICEITS (1) FERKD
HOHRDER (2) TERMAEAOHFDER (3) FEXTRDRTF - 1 AV EHOHRYER R Z B
I, BABRIIEERISEDHIEREDORENREE UT, EBRKXREZICKITH2EARFEZSZ. A
ICEHDFERFENFICERDZETS%29 5, AlIZARBRAKGRAREDHFZERADEKRTDEZEELD
EREICEBR T 2T DID LR S, AFRRBEAZIEY T 2 HAAOEHRAKE SRD TEERRZE
ERIZU. ZORDICAEVEEICH Z TEERT RN EHTE %,

ESCAPE is a mission proposed in response to the ESA-M5 call. The purpose is to
quantitatively estimate the amount of escape of the major atmospheric components (nitrogen
and oxygen), as neutral and ionized species, over geological time scale. To allow such an
estimate, the mission will combine in-situ direct particle measurements and optical
measurements and make the following first-time systematic observations ever: (1) the spatial
distribution of the each species of the neutral atmosphere (density and temperature); (2)
isotope ratio of major neutrals and ions; and (3) ion-neutral ratio (substantial ionization rate)
of major species, in an extended altitude range from the exobase/upper ionosphere (500 km
altitude) up to the magnetosphere. The result will be used as a reference to understand the
atmospheric/ionospheric evolution of magnetized planets, and will also contribute many field
in space-borne science, e.g., can be used as a reference in understanding optical
observations of the atmospheres of the exoplanets. To achieve this goal, a slowly spinning
spacecraft with despun platform is proposed, with strongest suite of particle in-situ
measurement in the spinning part, and optical remote-sensing instruments in the despun
platform. Japanese instruments take care of optical measurements from despun platform
that is specifically made for these Japanese instruments.

Proposal Copy
2016 10BICESAICH U REEDIAE—IFUTDOURLTAFTE S
http://cluster.irap.omp.eu/public/ESCAPE/ESCAPE_M5 Proposal V1.1.pdf
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1. Introduction

BEIOFIFEDKERI v Y a VPERBIMAELS. B THIBZORBRWVWAKETIE, FHEBANDK
S[IIDRMEHENKREL KERXRKOEL., OWTIRAEREDOENDREDO—DTH S EWSHHMNERE
> Tk (e.g., Lammer, 2013) » ZD—A T, HIKICEALU TREIDODWHKFRIE TEETEZSHEELS
nNTEl, ZORKOERIF. RMERBICELINFOEZSANEET. Z<DREDD &ITEMIC
mB N b (e.g., Brinkmann, 1970) . #IREEN SN SBWERES D Uiz (e.g., Sekietal,
2001) M5 THH. BAICKZEMIFMNB - e lF TIERRW,

LB IC2001 FEICRINFEEBEESANFT 6 EiFfeCluster@£(IC L D, MEEENSTHRNET A
Y DE L IS EB TIER < KERAICAEMNSEE (Nissonetal., 2011) . ZOEH KBRS IC
M Mk7FE I BDE (Slapak et al., 2017; Schillings et al., 2017) . L TZENEBEDKBGROEL ICHE
295 EFBNBRAAVRERL T TS

[F>10"kg /4 Gyr (1)

ERBENDD > TEfce TNIFARIHFOERREICHE T 2, BEXRIIBECRIFEAEFELRET.
BEYICEENZIMREDLAITOERLD EZMICHRV, HRPIY Y NLUICZZFREHEREMU E
DEXRIFHZHDD (e.g., Johnson and Goldblatt, 2015) . ZNSIFERI Z2HEEDEHEDTHD, F
HEBANOREZ ENEITHEBIZNIRETH 2, -7, X (1) DERIE. 1RBRETKRFOD
BRIMEN—E Y NEDLBZEZ2IEZERT 5. ARFOBREEZROUIRNMEWBE(LT BT TN
ITIUTREDFENAKELE DS Z & (e.g., Loesche, 1969; Hill, 1976; Harrison, 2010) =% X1
E. CNIED TRELBEFTHH., KEREZLDIERICH S 2 & HEROERRS CICEMD
ELDIARICARARTHZ I EEZRET B,

MHICIKRE SRRE GMEZRBICKKOMANMBARRE) FERRE (A MCEBHRER
DHEABLENER) ENHB, K1 ICKIAHDORRBEZXEH D,

ASREEEUANSHET DITIE. FERW - 1 AVRHEDOARS T, AR - FERFRE SRR
[CHEARDNELNH D, EVWSDEH, REMEEDH., TOREEZRDZEDONAIBOHIKREICAIHEE
S TH D, FICHIEIE. RASEIFE DExosphere (AKE) DBERRERICH > T,
exospherehMBHTHT A FI v VM DIE—KT. TNZHSBVWI EITIEREETILOHESLSH
BWIENRH > TE e, R, HIRBALREIC K 2KREFOEFENR (Lyman-alpha 122 nm,
Lyman-beta 103 nm) ¥, OS2 EHEDEUVANRY hOX =% —&AlIc & nid. #IRExospheredD
HRFAHIEFEAZILL TWS LI, RITEEEBET 5> THD (e.g., Zoennchen et al., 2017;
Kuwabara et al., 2017; Qin et al., 2017) . —RBFKEFEHEZRELLERXDETILTIE, Jeansh
BEEUSHEETERVWD TS, KADEERFERIE. cubesatD#ERITNSHREBINTED,
FICHEFEIBDXT7L7Z— (1THFERDORE) ICHESBIERICIE. cubesatBEDBEENRATH >
e & (RRdraght 1 BEZFRigIC#® < 72> 72) HQB50Dcubesat7AY 7 hTHM>TWS (
Masutti, 2017) o Exosphere DZEIPZEEBEIFKETOEUVARY ROX—F—THREON>TH
D (Clarketal., 2017) . EBMNRBREDEEEZSND, PR EHHMEMADDEVKTD L ST,
BKEFE THELUERD EDTIEFRW, 2D, EidExobaseDEE (FEMN+ICPR<E>T
BF - DFIRBEUVUTTRCEFRNFE U THEEHZITHEOLSICHIEE) T5RHALRON
BIRTH %,

KTIDFEAMEESHIc, RRAHEEHTEIT DDICRARLGYEEE, ThoYEEDHEBESATOR
HIMAEE ZEDlc. WEBEDBEBDDN > TOWERVWDONEETH D, BICHERDICDOVWTIFIEF
EAREREINTWERL, ZDEHIGE. R2IcEEHieLSic. BEDRBE LR - exosphere®
HERRIVYIUDNHBEDICEFTBRBALEICE > TWBHTHD., RAKFICI00kmU EDEEE
NERLBEHEINTE LD TH D, ARG - ELOARICIF. IhS5DEHZRBENICHET S
TV ULPRARTH D, KIETHBNIT BESCAPEIE. COERRICHFKLEIVIYIVETHS

o
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Table 1: Present knowledge of escape mechanism

REOESE #H | REAXAHN=XLDFHEH EECLDEGHEER |8
- ¥ DE
B il
mechanism type explanation Determining past
factors obs.
Jeans escape i Thermal tail exceeds the Exobase altitude, n no
th escape velocity and T there, for each
species
Photochemical Y Release of energy through, | same as above no
heating th e.g. recombination, gives
escape velocity
Hydrodynamic i Massive escape when same as above no
blow off th thermal energy exceeds
escape energy (currently H+
only)
Momentum FE2EY | Light neutrals collide with Outflow flux of no
exchange non-th | heavy molecules neutrals and
exospheric ion
column density
Charge-exchange | 3E&#y | Heavy trapped ion with lon flux and partial
non-th | escape velocity strives an exospheric neutral
electron from neutral column density
lon pickup BE lons that are newly exposed | *(magnetopause partial
both to solar wind are removed location and neutral
by the solar wind ExB density there)
Atmospheric JEHR | The energetic ions/neutrals | lon influx to the no
sputtering non-th | interact with the exobase
atmospheric
molecules/atoms/ions
Large-scale FEHR | Solar wind dynamic *(Various large-scale | yes
momentum non-th | pressure and EM forces interaction between
transfer & push the planetary plasma the solar wind and
instabilities anti-sunward the magnetosphere)
lon energization by | 3E28Y | Field-aligned E// Exospheric ion yes
E/l & EM waves non-th | acceleration (DC field) and | distribution
wave-particle interactions
(AC field)
Plasmaspheric JE&R | Detachment of bulk plasma | Plasmapause partial
wind and plumes non-th | or neutrals by internal locationand nand T
plasmaspheric processes there
Magnetopause JEHR | The drift ions overshoot the | *(magnetopause yes
shadowing non-th | magnetospheric boundary. | location and inner
magnetospheric

plasma convection)

*: Not provided by ESCAPE (apogee within the magnetosphere).
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Table 2: Past exospheric/upper thermospheric observations of cold/thermal neutrals

Svyvay | BE ERER RS A NFOBEE
Mission Altitude range Remote-sensi | In-situ species
ng method method
DE-2 thermosphere (300-500 - mass major species
(1981-1983) | km) & apogee 1000 km spectrometer (N2, N, O, H)
AE-C,D, E thermosphere (< 400 km) | UV mass major species
(1973-1978) spectrometer, | (N2, N, O, H)
accelerometer
Air Force thermosphere - accelerometer | total mass
SCs (1968-), | (< 220 km), density
Castor
(1975-1979), | (250-600 km),
San Marco 5
(1988) (260-690 km)
Jacchia thermosphere, lower - satellite drag total mass
atmospheric | exosphere density
model
MSS thermosphere (< 250 km) | UV occultation | - 02 density
(1980-1989)
IS Radars thermosphere-exosphere | UHF - Temperature
TIMED thermosphere < 400 km multi-waveleng | - major species
(2001-now) | (target: <180 km) th UV (from (N2, N, O, H)
600 km)
IMAGE exosphere Lyman-alpha - H only
(2000-2005)
TWINS exosphere Lyman-alpha - H only
(2006-now)
GOES exosphere Lyman-alpha - H only
(-now) (from 6.2 RE)
ESCAPE exosphere (>500 km) multi-waveleng | mass all species
th UV (from spectrometer, | (including
various velocity isotopes)
altitude) distribution
analyser

2. Needs for virgin observations
K1, R2lcFeHleLSlc. BEDER TldexosphereldlF&E A ERBBOFETH D, KR
F. BDANICEHROHARDRANDEE RS, TS

DEEICRARBEBYEEZRTI WS

FRELLUTD3IDIcEEDHEN D,
(1) mE500km-2000km (Exosphere, #E EI8, BEEE EEB) OFHRKIUECICEN A A Y DEE

DRSS VICEE - BEAHOREE (FIEIXKELUNADL D)
(2) EENF (O, N, H) oRf&EL (D/HEELA S HEREBEE TIE) -
(3) BEEHAEZRAFHEIOEASLE @MELZZERBER L1 BERICZDHE L TEREESR

T3) IC&BDEBALZER DRI & R - ZREED H
Insid ENSOERE - MESRATHEEMRIEE T, ESCAPEX v ¥ 3 VETEITIE, 20224
BEFTEDEISCAT DB ERFMEREDHEREBRUZFEL TWD, UTIC. (1)-(3)DFHEANHE
REBRZEHRICERT 5,

(MIEDPWTIRERIHLSEHETHD, Z<OREAAZZXLDSE, EERELEDOIMATHZH %D
IClE. exosphere - exobase « BB LEOHFBENRAR ER D, BT, EEA N ZXLDOHEIH -
BNNEZEEE. ABEE (EUVEPFlare) PRSEXRETERD I ENFEREINZIDZIC. BE
500km-2000kmO&AlIE. B2 K5 - XEE - KB - BEREFSHEICT L TENZNTR SN
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ENH B, LhThexosphereld®Bf - HAEEW 7O RAIC LD REIELR > TWBDIHBFATH D,
FERICERRNTOCRADEVNWFERZ A AV ZERL TWEBEHATHH> T, ZITOELEZRS
ZBWE, ERRETY VI IEHEE W, Exosphere DEEMXIEZFNTZT TlEA W, charge-
exchangeZi@ U THIEA AV DORBICEFES L. RIJUFROBRICIIZEERIHITTELL THERRDTE
FTIVIERARBAFE B> TWB,

)DEAMEE I, RERZICEWTIF. BEOARIMHEPEE - NKEAORRZHEET 2EER
IRTGAF—EULTRHESINTE e ULHULAEDLS, REAAYOREGAKIE. XAZXALICL>TK
ELER D, FIZIXERSHEFRT ZIEANREDEE. BEELEFOLEKICHLTHAITZ 7O
2, FARICEHITZ7O0ER, 2<LEKELBRVWIOCIAEEHO TOLRIRET 27, BLHE
EOSHICREEZHET 2 DIIHEER > oo FLUOEBRFURT - 2 FORBICHHETIEX S,
EVWSDH, ZNZNOTOELRAT, —HEEREE (exobasehupper exospherehE#E D) NE
B, ARICEMEEIESEICL > TERZNSTHD. BEICK > TRAMSENELZZ DI, TAE
WRDIEW FEKEFHEE->TWD) BTIE. EVWAMNAIZFERRITEICEED., EXLOENT
I —ERBNE5TH S, % Dscale heightldHERTIE300km & HEE S 1. exosphereDEE &
ERTERETERV, —AT. HEGROERTETLRVWETIE. EVVEMAELBEVWEMESREKITE
Tonhdiced. AMNAELIFE—ICRD, 1S, FEWRDEFEGREANZILNHBLTE, £
O7ACANERICH < SETORMAELADMNSHEIFNIE. RE & RAVALORRIGEESHBVD
THD, HICWZIE, ELEELISKIFERCHRNLMEETE S, £ LT, IR’ EMNAELEDE
ENthzRO2EERERTH DL AMALIEHEZLELRE - BREBSEZRFO>EFEI NS,
RICKETIEMAVENBZ IC & D RMAEEOREECIERAENTWS (Clarketal.,, 2017) o €U T
. —EREICEAERIHIRTORE & AMALOREZEMND I SBRIFTNIE. RAAELENSHEXT D
BEDRHEORESL D IEFEUNBEREBRD I EIFHRUL,

(3)DLIMbELEI & in-situAl & DEIBEAIZ. LimbERNH XD ICZ < DIREICKELTWS Z &

MNENEAETH D, EWVWDIDH, LImMbERIEEBEDHICHEBENH D EB/ALISTH D, LHD

TIMEDHEIC L 2 EHOLIbmEAIIEEETILE B (Meieretal., 2015) » SHEBSIZRIEA
BREEBZEOREWVRRETHICHEDEBEZZETHD, FERIARYEANED, FSICEFSVWSE
{EPEED (BEdragh EDETILDHIC) BEBERKFICHRICILIZBVWDTH D, NI, hh1aT
Do BEESRINNETH >feh, R2ICEFEDHDLSIC. WM UIEEEENT S35FFIDODE2LLIE

2L B2, FUTPLIMbER &in-situg Al DRI R IEE FENDIFShTWEh > e, B

HCHEBEBEERBREIF. LiSscale heightZZE 32 &, H100kmEBELE 2, « ZNIFRED

W TR ERM TARETH %o

Zns(1)-(3)2EREU.ESCAPEEHE TIE. BN 10NEOBHATEN S, EMRICKDEBEERE. 1
Ay FOERGBANZHEAGLE S EVWSHRICHAIOBZWFEZRAWT,. exosphereD %
1 F Iy RZ2EmSAMEI00km, ZEEHBEBEDBRERE TR,

3. ESCAPE mission: Instrumentation, Spacecraft, and Orbit

KR IICESCAPERZNEAEE.R. M1 ICHELTOREBOREZRT, FAEEBEDREIRICYT:
STk, ERDBTEIY Va3 YDRNTHIEEDREZIZET. R DICEENHEEE - REDHEBE
ZEBE U, ERMICIEIERMNKFOEATIE. BRICRVWESRRELRSTICEERTT A ViR
ERDTEICKDBRBAEBEZRTE - HEL. BN FOEATIE, AHE - 1A VNAEHRE
DHEPEAMAELLFETRKO., B - FERNREDNECETENICLZ 70N —ERITTVLWEHZAN
ENRBRHEBEZET - AR U, ZOHBR. BERBRT OLSICAEYZITESEANE (32.4m x
Tm) & AEYZF v U EILULTEELD IBWETE &R SdespuniB (80.35m x 1.5 m) i,
HFERBRBELERANDOADEEIE. ZDdespunBplcE T D, TOEKTIE. 2DODERDZEFEE—D
[CUTBEICE > TWS, DespunZZ= Mz Eiah>7=Didk. FOAHIMER - ERERHIEEIMIC
7\ (MBRET3-4ER) £h5THD,

FHADRBDA YT ZFEEICRS BV, FIC2020FRICTLER &3 HEISCAT 3Dt L — 5 —
BEET. ThElEAGLERIEICED. F1FI VI RADER - KEBEDODBHITE S,
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Table 3a: ESCAPE instrumentation (spinning main body)

Sl name | function Pl institute TRL

INMS Cold ion and neutral mass Univ. Bern, Switzerland 7-8
spectrometer (M/dM > 1000)

WCIMS | Cold ions f4st neutrals (n & T) NASA/GSFC, USA 7

MIMS Light hot ions (M < 20, about 5 eV/q - | IRAP, U. Toulouse and 5
40 keV/q) CNRS, France

NOIA Heavy hot ions (M > 10, 10 eV/q - 30 IRF, Kiruna, Sweden >=6
keV/q)

EMS Energetic ions (20 - 200 keV) Univ. New Hampshire, USA >=6

ESMIE Electrons (about 5 eV - 20 keV) UCL/MSSL, London, UK >=6

Waves 5 Hz - 20 kHz analyzer & Search Coil | ASCR, Prague, Czech & >=5

LPCZ2E, Orleans, France

SLP Sweeping Langmuir probe (e- density, | BIRA-IASB, Brussels 4-5
E-field, spacecraft potential)

MAG Magnetic field IWF, Graz, Austria 8

ENAI ENA imager (2-200 keV) INAF/IAPS, Rome >5

Table 3b: ESCAPE instrumentation (despun platform)

Sl name | function Pl institute TRL

uvIS UV imaging spectrometer (85-140 nm, | 3 K# %81, Japan 6-7
83, 58,30 nmforH, N, O, O, He, He")

AMC Aurora and airglow camera (670 nm HEALKIE, Japan 7-8
and 630 nm for different altitude)

UvViIS

-"Vsd~4-5 km/s

---------- Vsc~Skmis__

V<7 kms

Ahgc/dt ~ 120 km/min | !
(remote sensing resolution) .

/ Earth
Vsc~1.7 km/s

Vsc~10 km/s
'-.‘ ~ 5°/min

Figure 1: Instrument accommodation Figure 2: ESCAPE orbit

ESCAPETIZHRHERFUMNTA A > DIFMRIRE R ICHAND D, 2D IiE. BN 5 DR
HEBRBRERN S APBIENDEROR A ZHAT 2LENH 5, BEFNICIEHERIALES
EHRRBREIMDRIA TTHES L SBEBIFET, AKICHESO0kME TR FOEERAZITSN
OGEMRZEEL EBERTENBERNEL S, H2ICHE (FES500km x 33000km, inc. 90°) Z/RY
o CDEE L ZEREDEEE1O0kMDEFEN SKEDBENRE D, BEAERE27. AEVERE
20MWIEE LB B,
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—7. HFEAEEXHERICAE L. Langmuir Probe2 HRBICIBIE 576, BEDAE VHE#IL
KEZmE< (despunZBIEREDLRICHRD) o &> T, BEWN7° I DDManeuverNnE L5 H, %
DOERICHBRINHRFERZELELILBVEL S BERRAPRRROBEORDLD ICHHTXFRDcold
propulsionz AW %,

ESCAPEETEITIFZ. BEHTRFICEDIRIMAHOEENLZHE S BRICBITTWE, ZDHIC
F. BEDKBGICEDIEVWRETORADNRARTH D, BEDOERR (A4 VREHVERE - 2BER
ERE) hE. MHICKELETEIIYEEEL LT, ABENMREKRBGRENETSNS, BEDKE
FENOSMIEBICEVD, WETEXTIZRADKBEILT7RICZESWSIRRERD 5%, Uh'>T
2y Y avEBR. BOXT L7 ZECRENH B, TOERTRIAEEBBRAEA Y ZOHERD
BENTEH D, WNATH>THI v a VB 3FUERFE+DTH S, —H. WNHADOI v
Yavite, RAERED LYY —ANDOEFNDLRL KEDHELIHEPITVWEWVNSHRDH S, £
NS%ZZEY 5 EESA-M5 (ESCAPEEHEIDIRHSE) NFEL TWSH202944T5 EIFIFESCAPEET
BCE > TRUTEVWEDTIZRW,

Ty yaryOBENBRIREOEENHELN. FETRRLIATAEREICELD, BIRMICERD
PTEOEBICEIY %,

(LFHRECTCOXREEHE (ERYIE)

HEFPERTOEA (TIMED) MEEEFILEEDLBRWVWEHRDVOEDELT. FHRETORESEH
ENEBREDZNEERRDAREENEIFSNTWVWS (Meieretal, 2015) , FIEEREF - D FOBHE
S ERBRETRESINZEZAVWTWED, TNHERBRIEEEN - BEOE< ERZFHEH
THRDIDRIEIHEWHNSTH D, EiE (1) DEHICKD, COEBEEFMNITHESI NS,

B)FERIDBEENDOEE (EIF)

XTVSADKGT L7RREFERIANRNY M EMOREEDEVNEZZEEAERNZENBHO—D
T, hoHE - BEEEBICHENRIRE LZHAT DX FHRRICHT 2EEBICEST %, &
ICFERIIRNY NROKXKKERIE. cubesatix & D KKUFE (satellite drag) &. ZFRICHES#E
ZlbzEMIELE2H. ZOFHDLEHDT—IR—IADRELLR>TED., FNICEETS5Y %,

ONTFHETEY 1 FIv IR (BB - BEHEYIE)

vy avORERRNEBEIBZ N/N\—U. DDBEICEADOZWRLFER/Cy 77— & RARER
L&D, REBESBEOY A F Iy IR BICHKERDEWTRPYA T —RATRZEEALHAND
ENTE S, SHINSBREEETOHRAAETHZIEDS, F1FIVIRICBITZEE (AU
IRILF—REEVHNFRERESROFEZZIFICK W) OFEEZEREICKHZIENTED, —ATE
R IEHITMNE00kmTH D, BEEE LA ZMET 5. BEED I DMIFEZ. ESCAPED & 57238
BRIFEA/ Oy T —I D DORZERAE DIEAELETHRANSNILZ L3R, BEEBICH T B
FOREP, MERDDIRZEVNZLDRCERL, ZNICE>TIRILF—DRROBRBICHFST
E %o

(MAIBEICLZRERE (FHEYE)

FHZEHEPEERZ - RAXEORETZZEANSKDDIHE. BIR - KIROMIRAK[ TOREINE
EtDOEELRD, ZDLHICHERTTHRANIGRICERELZEHETEZI v Y a VL H 5,
UNUAIHEDOSETIRIHIRAS (Exosphere) TORINDELEIIFHIETE/RV, ESCAPEFEE
500kmIUA ELDEEREF - DF - A1 AVERDZZEHNS. COFBEETREICT B,

(B)RAXRESH AT — Y EIRDreference (RERIZFE)

RAREER TIX, XPEAHNSKKORELELLEHET D EAFENLREEZEER>TWS, Fl
ZIZESA-MAD BB NEFHARIELIZ X S ICKKEDDBEBICFEZ[MITEI v aryTH b, FDRIC
BEERZDON., KEEHADBRIRTH D, ESCAPEIEC OXRZEH A= FEREEN KO DIF. H
SPEADBRIRICKELLEFET %,
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4. Japanese contribution

RIVBWICHE 1 ICRT &SI despunZBDAEZEA (REMEDALBUVISEA—OTKIAKLAAXS
AMC) iFE2ICHAROELE 435, WOIFEMTZ U CBFENBAROBAKREDLHLEITICEREIN
B5E5BHDTHB, niE. BROKZERAZEDFKELBUL THOHATR Y TLRILTH B
EDRBETHD. ZOBKRTHERODEMIIFERBICEETH S,

AARDEEDSSEUVIS (Pl F)I—H/RRHHEDR) . BEHOBERZANS LT, FERTF - 1A

>~ (H, N, 0, 0%, He, He") DRIGBENBEERHD B, 20D XU v k (0.1°x1°) Z{£> D Tlmaging
MABETH D, ZNIC K > TIOOKMRRENEMATHAREE RS (R25R) . KEZDHDIE O
&, TBepi-Colombo; THIF - I\BULFH (Tkg) TH DO, ZnzIROEAICAE T THET %,
RS DB ifIEExosphere ®ETILIC K 2 EHMABEHETEIC L NIFH(103nm)DY 2 METRERICK D S
.. He+(30nm), He(58nm), O+(83nm), N(95nm), O(99nm) (& 107-3RFEEMETKRSH 5N 3,

AMC (Pl: IRBFHE/FILKIE) I2EROFABAAS T, ERZEREES L TERZFETOA
—AO7 - IXIF—EEZI—F D, TNICEDEHBNDIRILF—RAEEZHTET %, CDHTE
IZEISCAT 3D EDH FEHBIEBS Labt 3, EEIX "MW\, THREEBHTHO. ESCAPE
T "MWl FEDEBBEREENEE LBRWTENS, EVRILOBREHEERET S & T,
B2 EICHIGT %,

5. Summary

ESA-M5(C#25E U/cESCAPES v ¥ 3 VETEIE. EHOERPE A ZEL T, HIRKKOREH Z8
EICE-> TEENICHETET %, E5IC. HOBRAEEDLE. KRIMEDOERITRAINEI > TLWEHD
YER - (CENERRERORBERICEEDL D,

HEDER DED— DN AIEMRexosphereRETH D KRUASL D > TWERI > T2HHP
BEZHRICERIT TRAET 2, 2 DBDOEN. BEEE /exosphere /5B TDARIEHN AR ALA
LWRAIETH B, BICHUERFERNA AV EZRBICRENICANSET, FHICBT3 A —F
HHREEROBIBE WS ERYIBICHEMY 2, COMICHEEZLLDRTFICHEST S, T v¥ygVDHE
W ZARSRELED. ZOEMDBTIEIEE ICBE L.

FHRAEREEEICBVWERDH D, —DIFNAFEBEHA &N FEZHNOERR (FEFHRUANDSY A
LZT) BT, 22BREROFINTH 2 "HESHEERN L "HHlBEN#E ZiET. BENHE
IENDLIEZETH D, 3DBIGEFORFELABRBOY AT IV I LY VDR ER T AR ZE
CEREULUTER¥FLEEEZRANDRICH D, NICIMATEISCAT 3DDOLSBHLWT AT (3RT
THERFICE) O LA HAGbE 2 I & T, conjugate studyDF L WHEFEEGIDBE<

Appendix (ESA-M missions)

ESA®MScience Programid, 2010FL &, 750y FEMBRIT SN SL—class T vy a3y (

20224, 2028%. 2034FI5 LIF=BiEY) ZREL TS, 3FIC—EDITE LFZBEET
M-class 2 v ¥ 3V ZBRAHEL TWS, TERKEREAEEZFR\VT450-550Meuro (HAMET
700f2HAN) T, RAKBERZREOFHEEIIEICTFEZHT, BEEOEEF. XIFE—ICKIR
AEEETH D, FEREOEEOM. BAEBEL I TICHREATHDZE (HDWE2FUANICH
EMNTETIZE) NERIND, TNIFMI-M3DEEN S DHENTMAREN SEBHRIND LS ICK
ofce ZUT. ZOREZV )7 —UEREDOSEYAIVAELTHEBBNDHZHDZER
o TOEMTIIEMARDEREWVWSERNEERISAST Y Y3 VOEEARENBNTH 2,

BIEE TICM1-M3 (Solar orbiter, Euclid, PLATO) »%RED . IREM4 (FEHEEA50Meur) H2H
DREFSE (ARELIHEEINTWD) THDM. MEHN2RXRBE (W30DEREHNS 1 RBETTFE
HIES550Meur AN TEIRFIBEE M S N1 2B DRFEE S SIC3DICK D) DEREL TH 5. HIZ
IXISASHERIR U 1 SPICAS., C 2T UESCAPES., CD12@IcEENd, BEEDRT Y1
—)LIZ2019F £ ThH'Phase-A study T, RIEEEN2020%F. 15 LIFH2029-2030FTdH 5.
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