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Abstract

ESCAPEIZESADHE! (800 T RX) RI¥ I vy 3 VEHEESA-M5 (2029FFT5 EIF) ICHE
UK ERIEEHE TH %, ZOENIEEHTHRBEORIAEZEENICHTE T S DICRAIRA
REYEEZEEHANTZIETHD. FOLODICEESOOkMU ETORME - BEEAS (BEEE L6
. Exosphere, it MICHIEREEDHSE) OMEEAZTHS, EANICIE. SERTFOBEZEER (
B - KE) EAFRBERA (HERRE) zH&+EbEZ LT BEEBICKITS (1) RAEXRKS
HOHRDER (2) EERMEOHFEMNER (3) EBTHEDRT - 1A VOt ROERA % Big
T, BHARREIEERISDHIREDRRNARMEE LT, HERERICRITZ2ERKEEZSZ. AR
ICEMDFERZNBICERDIBTSXT %, ZEABGRAZREDOHZEINDE®RTZEI2ELD
EREICEBRET DD DIDFIE 8%, AFRBEAZIEYT 2 HRAOERAERE TR TEELREKE
ZREU. ZFOREOHICRAEVEHERICH A THERT ANV ZEE 5,

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 REED AL —FUTDOURLTAFTE S
http://cluster.irap.omp.eu/public/ESCAPE/ESCAPE_ M5 Proposal V1.1.pdf
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1. Introduction

BEIOFIFEDOKEEI v Y 3 Y PEBIAENS. B THIBOBRVWAETIH. FHEEADK
SDOREENKEL, AEXKOEE. OWTIEAEREDEDED—DTHD & WVWSBHIERE
> TXEfc (e.g., Lammer, 2013) » ZD—A T, HIKICEALU TREIDODWHKFRIE TEBETEZSHLELS
NTEf, TORKDERIF. RHERKICEINFOEEEANIEET. Z<DREDD LICERIC
mB I N b (e.g., Brinkmann, 1970) . #IREEAI SN SBWERE S NIZD U (e.g., Sekietal.
) 5 THOH., BRICEZEMITNG > cblF TIERL,

LM BIC2001 FICRUMNFEEBESANIT S EiFfzCluster@£IC & . WEEZE, STHNHET 1 A
VDL DI KE TR KBREAICHANSFEE (Nissonetal., 2011) . ZDELEKBEIEE)IC
< k7F 9 %5 E (Slapak etal., 2017; Schillings etal., 2017) . ZUTZENZBEDKGRDESE (CH%
293 EIFBNBRAAVRELIT TS

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

ERBENDD > TEfce TNIFARIHFOERREICHE T 2, BEXRIIBECRIEFEAEFELRT.

BEYICEENZIMREDLAIFTOERLD EZMCHRV, HRPIY Y NLUICZZFREHEREMU E
DEXRIFHZHDD (e.g., Johnson and Goldblatt, 2015) . ZNSIFEERI Z2HEEDOEDTHD, F
HEBANDOREZ ENETHBRZD2NERETH D, >T. X (1) OFERIE. 1 BETKIFOD

BRMEN—tE Y NEDLBZE2IEZERT 5. ARFOBREEZROUIRNMEBE(LT BT TN
ITIUTREDFENKELE DS Z & (e.g., Loesche, 1969; Hill, 1976; Harrison, 2010) %% X1
E. CNIED TRELBEFTHH., KEREELDIERICHS 2 & HEROERRS CICERD
ELDHARICARARTH DI EEZTRET 5,

MHICIKRE SRRRE GEZRBICKKOMANMBARRE) FERRE (AL BHRIER
DHEABLENER) ENH B, K1 ICKIAHDORRBEZXEH D,

AIRMHZERANSHEET DICIE. FERN - 1 AVREOAHAR ST, SR - FHERFREDEK
[CRARBDDENH D, EVWSDH, REFMEED., ZOREEZRDZH DOHIMABDOIREICTIEE
EhoTH2, BICHER. BESEFE DExosphere (AKE) DBEFEMABERICH > T,
exosphereMBmH TH A FI v VDN DIE—H T, ZIEHASBWVWC EITIETREETILOBEMA L SH
BWZ EDDD > TE o, EBE. HIRAREE IC K ZKRIRFOERER (Lyman-alpha 122 nm,
Lyman-beta 103 nm) ¥, O EHEDEUVARY hOX =% —8AlIC L hiE. H#EKExosphere®
MRFAFRIEEZELELTWS EIC, FTZEEBET 5K > TH D (e.g., Zoennchen et al., 2017,
Kuwabara et al., 2017; Qin et al., 2017) . —#RGFERKEFEZIRE LU IERDETILTIE, Jeansil
BRZEULKHEETERVD TS, KRIOEERFERIGE. cubesatDBMERITHSHREEINTED.
BICEFEIRADXT L7 — (1TERDORE) ICHSHETERFICIE. cubesatBEDBENEATH >
fe2 & (RRdragh' 1 BEZ P Bimic® < 72> fz) HQB50Dcubesat7AY 7 hTHAM>TWS (
Masutti, 2017) o Exosphere DZEPZEEBEIFKETOEUVARY ROX—F—THREON>TH
D (Clarketal.,2017) . TEHNBREDEEEZSND, PR EBMEMADAEVWKTD L S I,
BKEFETEMERZEDTIERV, ZD6, EiFExobaseDBE (FEN+DICVRLL BT
. BF A FDRRAEE U TTRCBANTE U THEEHNZTRSILSICHRZIBE) T5FRHALBON
HIRTH B,

RKIDFEA4MEESHIC, RRELEZHTET Z2DICAARBYEEEL, ChoYEEDRBATOE
HIRAEE £ & Hfc, WEBEDBEEDDN > TOWRVWDONEBTH D, HICHFERD ICDOWVWTIEIE
EREREINTWRL, ZOEBHIGE, R2ICFEDick S, BEDHRE EER - exosphereD
MRRIYv Y avDHBEDICEFLBAAUKEICE > TVWSHTHD., ARIC300kmU LOEEE
NEXLEHEINTE LD TH D, KA - ELOHARICIF. INS5DEHZRFENICAET 2
Sy gYNREARTH D, A THENIT BZESCAPEIE. CORRBRICEELLEIYYaVETHS

o
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Table 1: Present knowledge of escape mechanism

it DER #E - | REXA DX LDFREA HEICDERYIES BED
FESRY &1A
mechanism type explanation Determining past
factors obs.
Jeans escape i Thermal tail exceeds the Exobase altitude, n no
escape velocity and T there, for each
species
Photochemical Y Release of energy through, | same as above no
heating e.g. recombination, gives
escape velocity
Hydrodynamic i Massive escape when same as above no
blow off thermal energy exceeds
escape energy (currently H+
only)
Momentum FEZRY | Light neutrals collide with Outflow flux of no
exchange heavy molecules neutrals and
exospheric ion
column density
Charge-exchange | F3E&#y | Heavy trapped ion with lon flux and partial
escape velocity strives an exospheric neutral
electron from neutral column density
lon pickup BE lons that are newly exposed | *(magnetopause partial
to solar wind are removed location and neutral
by the solar wind ExB density there)
Atmospheric JEHH | The energetic ions/neutrals | lon influx to the no
sputtering interact with the exobase
atmospheric
molecules/atoms/ions
Large-scale FEHR | Solar wind dynamic *(Various large-scale | yes
momentum pressure and EM forces interaction between
transfer & push the planetary plasma the solar wind and
instabilities anti-sunward the magnetosphere)
lon energization by | JE28Y | Field-aligned E// Exospheric ion yes
E/l & EM waves acceleration (DC field) and | distribution
wave-particle interactions
(AC field)
Plasmaspheric JE&R | Detachment of bulk plasma | Plasmapause partial
wind and plumes or neutrals by internal locationand nand T
plasmaspheric processes there
Magnetopause JEHR | The drift ions overshoot the | *(magnetopause yes
shadowing 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

Tyyay =E EFEERA BRIZEA ALFOESS
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, R2lcFeHeLSlc. BEDER TldexosphereldlF&E A ERBBOEETH D, KR
F. DANICEHDOHARDRANDEE RS, TS

DEEICRARBEBEBYEEZRTS WS

FRELLUTD3IDIcEEDHEN D,
(1) mE500km-2000km (Exosphere, #E E38, BEEE EEB) OHFHRKUECICEN A A > DEE

DRSS VICEE - BEAHOREE (FPIHEIXKELUNAD D)
(2) EENF (O,N, H) OoRf&EE (D/HELIAEHEREBEE TIE) -
(3) BEEHAEZRAFHEIOEASLE @MELZERBERLL 1 BERICZFDHE L TEREER

%) Ic&ZEREFER ORI & IR - ZREEBED B
Insid, wEhrSsOEHE - £ BEATHEEZRIBERH T, ESCAPEZ v ¥ g VETEITIE., 20224
BEFEDEISCAT DB ERFMEREDHERBRAZFEL TWD, UTIC. (1)-(3)DFHEANHE
IRIEREEEBICERT B,

MEDWTIERTHSEHBETHD, ZL<OREANZZXLDSE, BEERHOIMATHZHZEHMB
ICl&. exosphere - exobase - #\B FEDHFHNAAR ER D, BIC, EEX A ZXLDEFH -
EYNEZEEE. KEEE (EUVEYFlare) PHERERE TERZ I ENFEINIDZIC. BE
500km-2000km D &R, E22KE - KGR - BKE - SHEESHEICH L TZERZNITERS S
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ENH B, LhThexosphereld®Bi - HAEEM 7O RAIC LD REIELR > TWBIHBFATH D,
BARICHERNTOCRADEBWFERDZAAVEERL TWSEEHFATHH > T T TOEREZHSE
ZBWE, ERRETY VI IEHFEE W, Exosphere DEEMIEZFNTZT TlEA W, charge-
exchangeZ®B U CTHEA A Y OREICHES L. KREROBRICIIZEIIHT TELL TREREDE
TIVICRAIRIGH#E E R > TWS,

)DREAMEE . RERZICEWTIF. BEORIRHEPEE - NKEAORRZHEET 2EER
INTGAIT—EULTEHINTE bb\b&b‘b\ WA AV ORAEEIE. XHZX ALk >TK
ELER D, FIZIEERSHEFRT ZIEAMNREDEE. BEELEFTOLEKRICHLTHAITZS 7O
2, FARICEHITZ 7O, 2<LEKELBRVWIOCIEEHRO TOLRIRET 276, BLHE
EhSHICREEZHET 2DIIHEEL > oo FLUOBBRFAURT - 2 FORBICHHETIEX S,
EVWSDH, ZNZNOTOLEAT, —BHEELREE (exobasehupper exospherehh #E D) NE
B, FARICEMAENESEICE > TEERZNSTHD, mEICL > TRUNENAELZRZDIE, #HE
WROBWN EKEFEHEBR>TWVWD) BTR. EVAMFKEIERK[ITEICEED, EXLOEHT
I —ERBH5THS, Dscale heightlFHEKTIE300km & HEE =11, exosphereDEE &
EARTEETERND, —AT, IRENROEETETHRVWETIE. EVWAMNALBEWEMAESRKRITE
Tondice. RMERLIEFE—ICES, 5. RFEWRBEEBRREXAZILANHBELTSH, %
D70t ZAMNERICH < BETORMAELNIINSRIFTIE. T & BAELEOBERIEGRES VD
THD, HICWZIE, ELEELISKKIFERCHRNZMEETE S, £ LT, IRV’ EMNAELEDOE
ERXHZROZEERERTHDUL. RAMAKLIEFEAZELEE - BREBE&EZRHODETFEINS,
RICKETIEIMAVENBRZ [C & D EARALOREZEEI RSN TWS (Clarketal., 2017) » €L T

. —HBEERICER LRI MIRTORE & RMELEDOBEFRN NS ERIFNIE. RAELENSRERTD
Hf@um‘ﬂ@%ﬁ%b FEMNRRRZBR DI &R0V,

(3)DLIMbEEI & in-situAl & DREIFEAIZ. LimbERNH XD ICZ < DIREICKELTWSZ &

DNEMBETH D, EWDDH, LIMbEAIIBELMICHERBENH D EENENSTH D, bb‘%

TIMEDHRE IC L B2 EHOLIbmMERAIFIZERXETIL EEbAW (Meieretal., 2015) » HHEBEIIRS

B BB LOREVRATHEICHDEDRCETHD., FHRIIAIRNYEMED, £EI(C %')L\'Dx
{EPEED (FEdragh EDETILDI=HIT) BEBEREFICKRICILILBVWDTH D, ZNHIC. NMAT
NOEEFANDETH >, R2ICEFEHDLDIC, WML UBEESERNT S35FERDDE2LLk

2L Bh o, £FUTYLIMbEHI&in- sﬁu%ﬁﬁﬂ@ﬂlﬁtbﬁx IEFEL<FENDIFSNTWWEN Tz, B
AT BREERREIS. Eitscale heightzZ &I 5 &, HW100kmIEE L%, . ZNIFIRED

KR ERM TAETH %0

Zns(1)-(3)=%EE L. ESCAPEETE TIE. BHNI0REOEREELN S, RMRICLDEERE. 1
AR FOEZSAZHEAGDE S EWSTHRICHFIOLRWFEZBWT. exosphere® %
13y I R%ZEEIAMMI00km, ZEHRBEDRERETHANS,

3. ESCAPE mission: Instrumentation, Spacecraft, and Orbit

# 3ICESCAPERZDEAEEZ,. K1 ICHELTOREBEDREZRT ., BAIKEBEDRERIRICH

ST, EROBSEIvYayORnNTH2REIBEZIET. KD ICEENFE - REDHERE
ZBE LT, BEAEMNICIFIERNNFOERNTE, BECRVWEERREGS WICEERTT A VRT
ERAPSEICKDBIRCBALBZETE - HRLU. BONTFOBRTIE. A - 1 AVNALERE
PP EMUAELLETROD, B8 - FFRNRENE T TEAICLZ 71T —ZZFTTVWEHZEFAN
ENRNBAEBZETE - AR U, ZOHBR. BERN1 OLSICAEYZITRSIAME (F2.4m x

Tm) &. Xl:"/’i=\=v/ﬁ)bb?%éﬂ:@?&ﬁl;&tfa%despun ;8 (30.35m x 1.5 m) Ic3lh.
HEERBEPERUDADEEIF. ZDdespunBIicEHE D, ZDEKTIE. 2DDERZHFHEEZ—D
ICUTeBEICTa > TWS, DespunBBZI IS BB > cDIF. ZOAMNMER - ERERNEFINIC
ZW\ (MEMAT34EIR) 15 THB,

FHADRBDA YT ZFEEICRSEWN, FIC2020FRICTLER £ 78 HEISCAT 3Dt L — 5 —
BEET. ThElHAGDESRIEICED. F1FI VI RADER - KEBEDODBHITHE 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#%E1, Japan 6-7
83, 58,30 nmforH, N, O, O, He, He")

AMC Aurora and airglow camera (670 nm EILKIE, 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 > DIFMRIFRHE R ICHAND D, ZDIoHIid. BN 5 DR
HEBRBRERN S APBIENDERORA ZHAT 2LENH 5, BEFNICIHERIAIES
EHRBERMDRIA FTHERD L SBEBEFET, RAKICHES00kME TR FOEERAZITSN
OGEMRZEEL & SBERTENERNEL S, M2ICHE (FES500km x 27000km, inc. 90°) Z/RY
o CDEE L ZREDEEETOOKMDEFEN SKEDBENRE D, REAERE27. AEVEHE
20MEE LB,
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—7. HFEAEEXHERICAIE L. Langmuir ProbeZ HRBICIBEIE 576, BEDAE VHE#IL
KEZm < (despunZBOEREDLRICHRD) o &> T, BEWN7° I DDManeuverNnE LR 5H, *
DOERICHBRIDHRFERAZELELLBVNEL S BERRAPRRROBEORL D ICHHTXFRDcold
propulsionz W%,

ESCAPEETEITIFZ. BEHTREFICEDIRIMAHOEENLZHEE S BRICBITTWVWE, ZTDRHIC
F. BEDKBGICEDIEVWRETORADRARTH D, BEDERR (A VREHVERE - 2BER
ERE) hE. MHICKELEFEITIYEEEL LT, ABENMREKRBGRENEITSNS, BEDKE
FENOSMIEBICHVD, WETEXTZRADKBEILT7RICZESWSIRRERD 5%, Uh'>T
2y YavEER. BOWXT L7 ZB2TCHENS B, ZORKRTIRABEEBREA®ZOHFERD
HENTIEHED, INATH>THEI Vv a N3 FULBIFE+DTH S, —7H. BNADI v
Yavite, RARBED LYY —ANOEFHNPLRL KEDHEDIHEPITVEWVNSHRDH S,
Ns5%ZZEY %5 EESA-M5 (ESCAPEEHBEIDIRHSE) MNFEL TWSH2029%4T5 EIFIFESCAPEET
BCE > TRUTEVWEDTIZRW,

Ty YaryOBENBRIREOEENHELD, MBI TRRULIATAEREICLD, BIRMICERD
DTEOEBICEIY %,

AHFERETCOXREEME (ERYE)

HEPUEARKOEA (TIMED) MEEETILEALRBRVWEHOVEDE LT, FHEETOXRE S
ENEBREDZNEERBDAEMUNEFTSNTWNS (Meieretal., 2015) . FMHRTF - D FOERE
B ERBETAESNALEZRAVWTVWED, ZNHIEHBREEEN - BEOE BB EZFHEH
THDIDREFBVWNSTH S, L (1) OEHBICELD., COEBIFREFBNICAIEESNS,

O)FHRIODBEENOFE (BEIY)

XVZADKBI7L7RREFERIANRY M EMOREBEDEVNEZEEEAETANZENENDO—D
T, oML - BEEICHENRIRE LEZEAT DI, FHRRICEAT 2EMEEICTST %,
ICFHRIIRNY NEOXLERIZ. cubesatih & DAKRE (satellite drag) &. ZFRITHESHLE
ZbEEMETERH. ZOTFHDLEHDT—FIR—IANDEERZR>THED., ZNICEEFEESY %,

BYANEHRE Y1+ v I X (BKE - BHEYE)

Ty Y aVOBEIRIASRIEE H/N—U, D DBEICEEF DR WK FER/CY o — 3 & EARER R
lc& b, AFHESBDOY 1 FIv I A, HFICHRERODEWTEPYA F—RBRITREZEBEAEHEANDS
ENTES, SSWWNSIBEEETHRMNAETHDIENS, F1FIVvIRICHITZEE (AU
IRILNF—REEVRFIFETROFEERIFICKW) ODEFELTEICRHDIZIENTES, —ATH
HRIFITHB00kmTH D, ERfE L% MET 5, BEEBED C DEIE%E. ESCAPED & 57N
RRIFEA/Cy T — I D DHRREAE DEABEDETANShIcZ EFHRL, BHBICH T D PR
FOEREP, WERIDIRDZEVWELDECERL, ZNRICL>TIXILF—DREROERICHEST
=z,

(MAIREICK BRI (FHYIE)

FHEBPEE - RAREORETRZHAD SKHZIHE. BR - RIGROMIKAK[ TORENTE
BOBRELTD, TDEHICHERTTHRLAIBEICERBEZHELD2I vV a vHRE<H 2,
U UAIHEDSE TIEHIKRAS (Exosphere) TORINDFZEIZFHIETER\W, ESCAPEREE
500kmU EDERF - F - 1AV ERDBIEDS. CDOFEZAREICYT B,

(B)RAXRESH AT — 5 EIRDreference (RERIZFE)

RAXRESTIE. XZEAHSAKORELELEHET DI EHAFENREEZEE R >TWS, Fl
ZIFESA-MAD BB HEMBAREELIEE S ICASHADBEBICFEMFZIvYa v TH b, TDERIC
EEERZDON., HZEADBRIRTH D, ESCAPEIEC O =R FEREEN KD, X
ZFERAOERICKELTFET B,
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4. Japanese contribution

RIVBWICHE T ICRT &SI, despunZBDLEZER (REMEDALBUVISEA—OTRKIAKAAX S
AMC) iFERICHAROELE 435, WOIFEMTZ U CBFENBAROBAKRBEDLHLEITICEREIN
B5E5BHDTH B, nE. BROKZERAZEDFKELBR UL THHATR Y TLRILTH B
EDRBETHD. ZOBKTHARDEMIIFERBICEETH S,

BADEBDSEUVIS (Pl F)II—BB/EAHER) (d. BROBREZANDZ LT, FBRF - 14
>~ (H, N, 0, 0%, He, He") DRIFBENBEERH B, 20D XU v k (0.1°x1°) Z{£> D Tlmaging
MARETH D ZNIC K > TIOOKMRRENEMATHAREE RS (R25R) . KEBZDHDIE O
& Z, "Bepi-Colombo; TH% - INELFEM (Tkg) THDH. FhEMIROER ICHEIT THET 2,
R R DB ifIEExosphere ETILIC K 2 EWMABEHEEIC L NIFH(103nm)DY 2 METRERICKD S
.. He+(30nm), He(58nm), O+(83nm), N(95nm), O(99nm) & 107-3RFEBEME TR S 5N %,

AMC (Pl: IRBFHE/FILKIE) I2KROFABAAS T, ERZIEREES ETERZFETOA
—0O7 - IXIF—%EEFEZI—T D, TNICLDEMBNDIRILF—RAEEZHTET %, CDHTE
[SEISCAT 3DBREDH LERAERBS ULabtt s, EEIF T\, THEZHTHD. ESCAPE
TIE "MW FEDEBBEREENEE LBV ENS, EV7RIOBREHEERET S & T,
BRZEHICHIGT %,

5. Summary

ESA-M5(c#25E UL/cESCAPES v ¥ 3 VETHEIE. EHOMERPE N ZEL T, HWIRKK ORI Z8
EICE> TEENICHETET %, E5IC. HOBRAEEDLE., AIMEDERITRAINEI > TLWEHD
YER - (CENERREROBERICHEDL D,

HEDE R DFED— DN AIEMRexosphereRETH D KRUAEL D > TWERM > T2HHP
mEEZHRICERIT TRHET 2, 2 DBDOEN. BEEE /exosphere /5B TDARIEH AR ALA
LWRAIETH B, BICHURFERNA AV EZRBICRENICANSZE T, FHICBTZ Ay —F
HHEEERORBAE WS ERYBICHEIY %, COMICHEEZDDBTICES5T S, Svy3vDE
M ZREBBRED. TOEBRDBFILIEE ICBIE W,

FRASREEEICBRVWERDH D, —DIFNFEBEHA N FEZHNOERK (BEFHRUARNDSY A
L) SR, 22BREROFNTH 2 "HESEEM L "HHlBESNH ZiET. BENHE
ISFHLIECETH D, 3DBIRAFORFERABROIAFTIVILYIDIERER T AR ZE
CEREULUTER¥FLEEEZRANRDRICH D, NICMATEISCAT 3DDOLSBHLWT AT (3RT

THERFICE) O LA HASLE 2 2 & T, conjugate studyDFT L WHEFEEGIDBE< 6

Appendix (ESA-M missions)

ESA®DScience Programid. 2010FL &, 750y FEMBMIT SN SL—class T vy (

20224, 2028%F. 2034FF 5 LIF=BIEY) ZREL TS, 3FIC—EDITS LFZBEET
M-class 2 v ¥ 3V ZBRAHEL TWS, TERREREAEKEZR\V\T450-550Meuro (HAMET
700EAAS) T, RAKBEFREOFHEEENEICTFEZHD, BEEOEEF. XIFE—ICEIR
AEEETH D, FEREOEEDOM. BAEBEL I TICHREATHDZE (HDWE2FUANICH
EMNTETIBE) NERIND, TNIEMI-M3DEEN S DHENTMAREN SEBHRIND LS ICK
ofce ZUT. ZOREZ V)7 —UEREOSEVAIVAELTHEEBNDHZHDZER
o TOEMRTIIEMARDEREVWSERNEERISAST Y Y3 VOEEARENBNTH 2,

REFX TICM1-M3 (Solar orbiter, Euclid, PLATO) AVRE D, IREM4 (FEEEA50Meur) H2H
DREFSE (AREELIHEEINTWD) THSM. MEA2RBE HWI0DIREHLIS 1 REETFE
FHIES50Meur N TRIBAIREE BT S NI 1 2 DIREE S SIC3DICK D) DIERFETH . Bz
IEISASHERIR U =SPICADH. C ZICEEM UESCAPEL., COI2@EIcEEFn, RESDRX TV
—I)LIE2019F £ ThH'Phase-A study T, RFEEZH20204F. 15 LIFH2029-2030F T %,
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