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AL TIE Development of radiative transfer model and data analysis for a THz remote sensing to reveal discharge phenomena and
radiation processes in rarefied atmosphere between planet and space (7 K& TOMEHS & RO FREDO 7= O THz i {ziEE T
NOBHFE L BRIT — 2T | S L, HILTENL, 5LV e->T D,

#— “General Introduction” CTIIAMIEDOEFZL AMIZONTHER TS, RERK FEOKMEE., DARIBICET 2 AR ERCIX, 2
DA S MU HIFE & FHT 2O IERPTI 82T 5720 ALFHEROBIRIE IR SLEEEC, Kk, K&, TH M T OB O IMRFIC HE
Thd, PlzE, HERKKOTEIE - THEAEELR EE 40 - 90 km) [TFH O & FHEH ., FH 5 IEE =1 F—hF O IARL KB DR
B DD EE . TR SIEREEO A RCRRENE, SREOEICHE SN 2@ ERERNBRTHIAT T MNMEOKBEEZT D, Th
LAERK T 0T OBEICEIR = VX — OUENL A 1L, & D35 OFEBYIR I3 2 B S SIS 72 2 %, JRFTEVT-# )
HANRT L BN F—RACHETOEF IR L5 SR THRTH 0 . EREEBINC W CIF R 4 B 18 L 72 IEIE Ik
JOPFTRE & R < BN 8 D I EFEA RV METORKULFBBROBMEDT-DIZ, A7 T4 MEEBRIZL D Pt %o T V00 (H02)
DOEBOBLIR & B 225 & | IERPTBCEMRREE BT 2T 7~V EHRETE TV OMEEIT ) L VIO A RO HM L BEX N BRRL T
%

% ¥ “Survey of sprite chemistry by detecting HO, radicals above sprite-producing thunderstorm” CTIIHEEY 7 I UV As
7 & (SMILES: Superconducting Submillimeter-Wave Limb-Emission Sounder). & /5 B2 GHI S R4 5 (ISUAL: Imager of Sprites and
Upper Atmospheric Lightning) . 2EKEMHF » U —2 (WILLN: World Wide Lightning Location Network) ZHEHOBEM T —4 &\, 27
FTARDPRELTVBEE EZDO R MBRIOBRE &, 227 MAENT, ZVAREF TORKIEEETT LY I 2 Lb—va v, HiERKE~O
HREOFHMIZOWVWTIBRSD, SMILES (282 HO,, ISUAL 2L DA TZ A b, WILLN (2 K 2 EMEOBIOREZEMEC —E Lz fil% 3 Rt L, &
ELIEATTA S REILF TO HO, DIFERD 40 725 190 fFHTH KL TWD Z & &, BIASY MV OBEHMEEAFIC X DR/ " FiETDO 7 ¢
T4V T EITH) ZLICEDEM LT, AT TA bORREBENBEE D AT T A M & D HO, DAERIIEEE 75 5> 5 80 km 0 HO, fFAERD 1%(2HH
YL, ALFEET VL OLBIZ LY | HO, OB RIZ AT T A MEETOETNRES FE MBS ERY T LRIGT D 2 LICERT 2 2 LTS h,
HIERIRIE(LIZ L 2 LB RK TOKRDHFER L EOREFEDE RN ELRDATTA ML LIKEOFMEIZB T 57 PN AERICEFES LGS
Z L AT D,

= “Development of the THz radiative transfer code including the non-LTE model” TI% Gauss-Seidel 1% - 7= IEfm T B &5
VOREFEEATV, MM OIERFTEEMT T L & DHEIRALL . 7 7 ~ VY IEHAEHRIC L D2 AR MLy I ab—va VZonTiiRs, 73
U AR ORI TRERBURI T E CTh 2 ARME N = A 7 RKRUFHFERUED uPa A — 4 —ThH Y | A/ Y K5 F OREEEN IR FTECEHEIZ 22 0
P <, RERRBRIY L 2 b= a UBRBE L STV D, ERFTBCETE TS K 2 B R TR RE ORE O G 2 A PEREHT I, Multilevel
Accelerated Lambda Iteration (MALI) itk & 2T A miEz VBT L & HREITV, AV Y KD T O T OOEHEHEN (9 S DOEB) IZFH T
0.5725 L5K DZETTNTOET AR L MALLIZHEATHE Y R UEHFEEASEATHIEOFEHEE D O 153 TH Y 250 VIR iR T X 72,
LD Ry 7T —27 FOIERIFRIEO ML S ZRERTHEIC T 5 72912 MIRO Microwave Instrument for the Rosetta Orbiter) &Iz k5 F
2V aE7 FIVRAABBEOFRARY b E OB 1T Tz, KRBV ORE S W2 ERFTECEIRRE 2 BIET 27 7~ it
(REET VIR, —WROTOEKE R OFAT IR & RS 2 (R E T & 2 RIKICHATRECH Y . H=AT RKKDAN Y KFFDART by Ial
—a Y TREFEINE NG G OF T IVRKIS BT O IR 3 RFTRCERNC e O F AT MAVIREIC R 52 2 F MR LT,

HPUE “Future perspectives” TIIARMIZE B « LA FREARFHIZOWTHEM AT ). AR THEL v 77— 2 2 oA X2 M
& AT SVIRNT, ERFTBCEIE TV & T T~ BSHARE 7 — ROREEA T o722 LIC k0 | ABER L T <X R RIEORKUCHEIT D
RRRERT T~V VBT — 21280 T LD FERRIFER R 77— DA X2 b OfH-CIE R AT 2 B 8 U 7z M e A EF R A AT L 7
LEZLND,

HHIE “Conclusion” TIIARMIETH LIRS AT T A MNEFEIZ KD H0, 7 ¥V DAL & HIER RGO HE - T EAE SElk~ 0 SR o fi
B LR ERE 2 BT 5T 7~ MIHREE T L OME L Z O ML SV CORIEET- 7,

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).
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This dissertation consists of following two parts; 1) revealing impacts of sprite discharges on Earth's
atmosphere by an observational survey of HO, generation above sprite-producing thunderstorm, 2)
development of radiative transfer code for future observation missions in rarefied atmospheres.

The HO, radical, a key atmospheric oxidant, has been predicted to be generated by sprite discharges
from H,O, whose amounts are currently increasing in the upper atmosphere for the global warming.
We provide the first observational evidence of a rise of HO, amount above sprite-producing
thunderstorms from the coincidences of temporal-spatial observations between HO, spectra, sprite
events, and large thunderstorms, by two space instruments, submillimeter-wave limb spectrometer and
UV/VIS Imager, and a ground-based detection network for very low frequency radiation. Total three
areas were founded with HO, amounts enhanced about 40 t0190 times larger than the background
value. These results suggest that the new sources of HO, radicals, sprites and their related discharge
phenomena, may contribute the balance of atmospheric composition in the Earth’s atmosphere.

The analysis of the terahertz (THz) measurements requires modeling molecular THz radiation with
accounting for nonlocal thermodynamic equilibrium (non-LTE). This dissertation presents the
development of the THz radiative transfer model including the non-LTE effects and its applications to
observation simulations for planetary, icy moon, and cometary atmosphere. The approach to solve the
non-LTE problems adapted here utilizes the Multilevel Gauss-Seidel Method (MUGA) iteration
technique performs twice faster convergence rate than a familiar approach called Multilevel
Accelerated Lambda Iteration. Moreover, this non-LTE model has applicable to spherical geometry
and vertical winds which intensify the angular dependence of radiation fields and Doppler shifts. The
simulated non-LTE H,O spectra for Ganymede atmosphere showed the difference of 10 to 50 K at the
center frequency from the LTE spectra in both optically thin and thick cases. This model contributes to
simulate the rotational transitions such as H,O, O,, and their isotopes in rarefied atmosphere, which is
considered to help understanding the planet formations.
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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