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論　文　内　容　要　旨

Juplter is aunlque Planet whose dominant energy source of the magnetosphere is the fast planetary rotation.

The energy from the quasi-Corotatlng neutral atmosphere is transp,orted tothe ionosphere through ion-neutral

c.llisions, and toward the magnetosphere le.g., Hill, 1979]1 0nthe contrary, the dynamics in the thermosphere

and the ionosphere is largely affected by the magnetospherethrougha coupling process le.g･, Bougher et al･･

2005; Millward et al" 2005]･ However,the previous the-osphere-ionosphere models generally have assumed

a static magnetospheric component of the electric field and afixed auroral electronflux, without any feedback
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effectsfromthermospheric dynamicsl 0nthe other hand,the magnetosphere-ionosphere coupling current mod-

els usually assumed a simplified form　for the　thermospheric dynamics･ Therefore, the self-consistent

themospheric dynamicsand current distributions affected by the magnetosphere-ionosphere-thermosphere cou-

pling system have largely been unknown, despitetheir importance onthe energy and momentumtransfer proc-

esses. In addition, the theoretical and analytical approaches in previous coupling model studies have unsolved

neitherthe effects of local time nor longitudinal variation of the system parameters･

conquering these restrictions, we tried clarifying I) the spatial distributions of and the relationship between

the themospheric dynamics and the coupling current, andunderstanding 2)the coupling current system char-

acterized by the diumal variation of ionospheric conductance and the non-axISymmetric variation of system pa-

rameters. This thesis engages in the followlng four topICSI

Firstly, a new parameterizationformula for ionization profile caused by auroral electron is prepared･ The

temporal and spatial variation of the ionospheric conductance is one of the most important key parameters for

the coupling system･ The main contribution on the conductance at high latitude is caused by auroral electron

preclpltation･ Calculation of仇e ionization血e to auroral electrons in each time step, however, requlreS a great

deal of time to decrease computational efrlCiency ln thethermosphere dynamic model･ We calculate the pene-

tration process of monochromatic electrons into Jupiter's H2 atmosphere uslng a Monte Carlo method･ Based

on the results, We have established a simple and useful formula forthe ionization rate by auroral electrons

that will be applicable to the general circulation model with H2 dominant atmosphere･ The relaxation time in

this electrons'degradation process, 1011103 msec, is much smaller than the characteristic time of typical

dymamical and chemical processes inthe system･ It assuresthe applicabilityof our parameterization method

to the dynamics and chemistry ln the Jovian current coupling system executed inthis thesisI

secondly, in order to investigate the spatial distributions of thermospheric dynamics and coupling current,

and their relationship between them by their interactions, we have developed a new numerical model･ The

model calculates axISymetric thermospheric dynamics considering main physical and chemical processes･ The

model simultaneously solves the torque equations of the magnetospheric plasma with radial currentflowlng ln

the magnetospheric equator. It enables us to update the electric field deposited onthe ionosphere and field-

aligned current (FAC) withthe effects from/to the thermospheric dynamics･ We have succeeded in obtaining

the latitudinal distributions of the thermosphere dynamics, the ionospheric conductance, and magnetospheric

plasma convection interacting each other･ The energy extracted from the planetary rotation is mainly used for

the magnetospheric plasma acceleration below 74o lat血de, while it is consumed in the upper atmosphere,

mainly by Joule heating'above 74o lat血de･ In the main oval reglOn, the neutral wind dynamics contributes

to the reduction of the electric field by 30% compared therigid neutral corotation case. About 90% of this

reduction is attributable to the neutral winds below 500 km altitude. The calculated radial current inthe

magnetospheric equator shows a steep increase in the region 15-25 RJ, which is consistent with past

magnetospheric observations, without excessive plasma mass nux as used in previous studiesI

Thirdly, we focused on the effects of diumal variation of the solar extreme ultraviolet (EUV) radiation on
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FAC spatial and temporal distributions･ Calculated FAC takes the maximum densityonthe dayside andthe

minimum Just before the sunrise, due to the positive feedback of ionospheric conductance on FACI The pre-

sent simulations also show thatthe time variation of the maximumFAC depends on the magnetospheric

plasma densityand plasma massfluxI Boththe theoreticalanalysis and numerical simulations show that FAC

is proportional to也母 planぬⅠγ angular velocity in也e dayside and its square in me nightside･

Finally, we investigated variation of FAC affected by followlngthree non-aXISymmetric variations: the in-

trinsic magnetic field, background ionospheric conductance caused by the solar EUV ionization･ and the

magnetospheric magnetic field･ The maximum FAC densityvaries by 7 % during one planetary rotation pe-

riod. The maximum value appears atthe subsolar longitude of system III at 210o in the northern hemisphere

and at Oo in the south. The high-order components of the intrinsic magnetic field expandthe auroral latitude

toward lower geographical latitude inthe strong magnetic field reglOnS･ This geographically low-latitude reglOn

with the smaller solar zenith angle receives larger solar EUVflux to increase the ionospheric conductance and

FAC, which causes the variation of the maximum FAC depending on the subsolar longitude･
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論文審査の結果の要旨

本論文は､太陽系惑星で最大の磁気圏を持つ木星の電離圏･熱圏･磁気圏相互作用下における､ 1 )熱

圏大気運動と結合電流の空間分布とその関係､および､ 2)電離圏電気伝導度目変化や系の自転軸非対称

成分が特徴付ける結合電流系､を明らかにすることを目的としたものである｡具体的には､以下の成果を

挙げた｡

1雲芸三慧芸琵芸≡芸孟芸雪空警** ;V竺慧軍票/;'f='1-*慧妄分布を用いて大気お

よびオ-ロラ電子の物理量を変数とするパラメータ式を初めて確立した｡任意の中性水素大気および降下

電子に対して適応可能なものである0

本モデルにおける緩和時間(10-1000ミリ秒)は､大気の力学･化学特性時間より十分短い｡本パラ

メータ式は､局所平衡仮定を前提とした力学･化学モデルへ適用可能であるo

二二∴.二t::_I-:二∴∴-::-:∴_ -_=1-:.:: ∴二･一__:: -- ･._ゝ- -=i1 -- I

を開発した｡本モデルは自転軸対称を仮定し､緯度高度2次元面で大気運動/温度分布を得るもので､領

域間相互作用に基づく熱圏中性大気運動･電離圏電気伝導度･磁気圏プラズマ対流の分布を初めて定量的

に導出した.メインオーロラオ-パル領域において､中性大気運動による電場の減少率は30%で､その

90%は高度500km以下の大気運動が寄与することを示した｡また本モデルは､木星近傍で急峻増大する

赤道動径電流分布を､自然な仮定わもとで初めて再現した｡従来モデルでは､この再現には､過大なイオ

起源プラズマフラックスを仮定したが､本モデルは中性大気運動によってこれを無理なく説明したo

L杢疲坦:
ォーロラ電子と同様に電離圏電気伝導度に寄与する｢太陽紫外線による電離効果｣の評価､すなわち太

陽紫外線の日変化が領域間結合系に及ぼす影響を初めて調べた｡電離圏電気伝導度の沿磁力線電流

(FAC)に対する正フィードバックの性質を通し､ FACの絶対値およびピーク緯度の日変化を兄いだした｡

また､ FAC時間変化に対し､磁気赤道プラズマ密度は系の慣性を担い､プラズマ質量フラックスは磁気

赤道プラズマ加速領域および昼側FACの最大値を制限することを示した｡さらに､これらの数値計算お

よび理論式から､ FAC絶対値の惑星自転角速度依存性を初めて示したo

i M州｣川-Elf.,<LLIul ･ ･L･J鮒引･ ill-W･tlI･[(lJ･ 1ト- AJ :--ヒTJT･.Lh'T糾Lr･IJ :

自転軸に対し非対称な磁気圏･電離圏･惑星固有パラメータがもたらす結合系の変動の特徴を調べたo

これらの作用の総和として､沿磁力線電流最大値が7%の自転周期変動を示す結果を得たoこの変化は､

北･南半球それぞれで､太陽直下点経度210度および0度において最大となるoこれは､磁軸が自転軸に

対し傾きを持つため磁場の強い領域でオーロラ領域が低緯度に広がり､この領域の太陽紫外線による電離

圏電気伝導度の増大がFAC増大をもたらすためである｡

本論文は､自転によって駆動される｢木星型磁気圏｣の首尾一貫した数値モデルを世界で初めて提示し､

それにより従来説明できていなかった木星磁気圏の諸現象に新たな解釈をもたらしたものである｡著者は､
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これに必要な数値シミュレーションモデルを独力で開発し､それによって世界に先馬酎j一関係研究者から評

価される優れた研究成果を挙げた｡

論文･プレゼンテーションの内容は､背景となる物理の理解､結論および将来展開への提案等､水準に

達するもので､著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している｡
たおちひろ

以上の理由により､埠　千尋提出の博士論文は､博士(理学)の学位論文として合格であると認める｡

なお､本論文の主要部はすでに出版ないし投稿済である｡
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