
Oxygen Ion Outflow Response to the Solar Wind 

Condition derived from the Extreme Ultraviolet 

Imaging on SELENE 
SELENE 搭載極端紫外光撮像による酸素イオン散逸の太陽風との応答 

 
Abstract 

 
In 1960s, H+, He+, and electrons generated in the ionosphere are theoretically thought 

to outflow into the magnetosphere from the earth due to the pressure gradient in the 

polar cap region where the magnetic field connects to interplanetary space, what is 

called open field lines. In 1980s and 1990s, the existence of these plasma outflows was 

verified from the plasma in-situ observation operated by polar orbit satellites such as 

Dynamic Explorers and Akebono.  Additionally, O+ outflow was observed much more 

than expected amount even though it was thought few O+ would outflow because of its 

heavy mass.  In previous studies, great amount of O+ outflow was discovered at the 

cleft region and the auroral region or in the polar wind at the polar cap region and 

energization mechanism caused by ambipolar electric field and wave-particle interaction 

are introduced. However, it is not yet obvious when and how much outflow ions are 

produced and it is difficult to solve this problem only by the in-situ observation. 

  To solve this problem, it is important to conduct in-situ observations and imaging 

observations at the same time so as to observe ions comprehensively. In order to 

observe circum-terrestrial plasma from moon orbit, Upper Atmosphere and Plasma 

Imager - Telescope of Extreme ultraviolet (UPI-TEX) on board the lunar orbiter,  

SELENE (KAGUYA) operated imaging observations of the resonance scattering 

emission from O+ and He+. Since it can observe both temporal and spatial variations of 

circum-terrestrial plasma comprehensively, it can be a significant measurement to 

understand the mechanism of the outflow. UPI-TEX took images of O+ outflow where 

the magnetic field is open and several Re far from the earth every 2 hours so that it is 

possible to understand the temporal variation of outflow ions amount result from the 

magnetospheric variation of a few hours scale. 
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  The purpose of this study is to evaluate the temporal variation of the outflow ions 

amount depending on the solar wind condition and understand what produce the 

outflow ions and when the outflow ions are produced. In this analysis, I focused on the 

relationship between solar wind condition and geomagnetic activity and the amount of 

outflow O+. Since the UPI-TEX instrument observes the resonance scattering emission 

from O+ to take 2-dimensional images, I can see comprehensive variation of the O+ 

outflow from the polar region of the earth.  However, there are contaminations of the 

emission from hydrogen atoms called geocorona near the wavelength of the resonance 

scattering emission from O+.  Especially, the emission of Lyman β 102.5 nm is detected 
comparable to the resonance scattering emission from O+ outflow. In this study, I assume 

atomic hydrogen distribution as spherically symmetric Chamberlain model to calculate 

the intensity from atomic hydrogen by solving radiative transfer equations and subtracted 

the counts from the obtained image. In the obtained images, I calculate the averaged 

intensity of the O+ resonance scattering emission in the area O+ outflow can exist along 

the open magnetic field derived from the Tsyganenko 96 model. The variation of the 

averaged intensity resulted from the variation of the integrated area is normalized 

theoretically. The variation of the averaged intensity is compared with the solar wind 

parameters and geomagnetic activity. As a result, the timing of the peak of the 

normalized averaged intensity was coincident with that of solar wind dynamic pressure 

pulse. VSWBIMF and the solar wind speed highly correlated with the intensity. The time 

delay between the changes in the solar wind and that in the intensity was not found in 

this study. Those results are consistent with previous studies. I conclude that solar wind 

dynamic pressure, VSWBIMF, and the solar wind speed seem to cause ionospheric O+ to 

outflow to the magnetosphere. 
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要旨 

 
1960 年代、地球電離圏で生成された水素イオン、ヘリウムイオン、電子は極

域では磁力線が開いているため、圧力勾配によって電離圏から磁気圏へ散逸す

ると理論的に考えられていた。1980 年代、1990 年代になると、Dynamic Explorers 
やあけぼのといった極軌道衛星によるプラズマ粒子のその場観測により、これ

らの散逸プラズマの存在が実証された。一方で、質量が重たいため散逸量が限

られると考えられていた酸素イオンも多量に散逸されていることが発見された。

これまでの先行研究によって、極域でみられるポーラーウインドやクレフト領

域およびオーロラ帯領域で多量の散逸酸素イオンが発見され、それらの加速メ

カニズムとして分極電場や波動加速が考えられている。しかし、どの程度の量

の散逸イオンがどのようなタイミングで生成されているかは明らかになってお

らず、従来の 1点観測では解決することは困難である。 

この問題を解決するためには、その場観測を行うと同時に撮像観測により大

局的に散逸イオンを追跡することが重要である。月周回衛星SELENE（かぐや）

に搭載されている超高層大気プラズマイメージャー (Upper-Atmosphere and 
Plasma Imager - Telescope of Extreme ultraviolet : UPI-TEX)は、月軌道から地球周辺

プラズマの分布をヘリウムイオンおよび酸素イオンの共鳴散乱光を用いて撮像

観測を行った。この手法は地球周辺での散逸イオン分布の空間変化および時間

変化を大局的に観測することができるため、散逸イオンの散逸経路・散逸過程

を知るための大きな手がかりとなる。UPI-TEX酸素イオン撮像は、地球から数RE

までの磁力線の開いた領域において、2 時間おきに観測を行うため、数時間程度

の長い時定数の磁気圏応答に関連する散逸イオンの散逸量時間変化を理解する

ことが可能である。 

研究の目的は、太陽風の条件による散逸イオンの散逸量時間変化を見積もり、

散逸イオンの生成要因やタイミングを理解することである。私は、太陽風条件

および地磁気活動度と酸素イオン散逸量の因果関係に着目した。UPI-TEXは散逸

酸素イオンの共鳴散乱光を二次元撮像しているため、地球近傍に存在する散逸

酸素イオンの大局的な変動を知ることができる。ただし、酸素イオンの共鳴散

乱光の近傍波長域には、ジオコロナと呼ばれる水素原子の発光が存在するため

にノイズが混在する。特に 102.5nmのライマンβのカウント数は酸素イオン共鳴

散乱光と同程度検出される。そこで本研究では、水素原子は地球外圏に球対称

に存在すると仮定するChamberlain モデルを用いてライマンβの輝度値を放射伝

達方程式を解くことで求め、検出カウントを計算し取得画像から除去した。そ

してその画像内においてTsyganenko96 磁場モデルを用いて磁力線の閉じた領域
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を分別し、散逸酸素イオンが存在しうる領域内での平均輝度値を求めた。その

積分領域の変動による平均輝度値の変化は、幾何学的な補正を加え、論理的に

正規化を行った。平均輝度値の時間変化と太陽風条件の時間変化を比較した結

果、太陽風動圧の増加のタイミングと散逸酸素イオン共鳴散乱光輝度値の増加

のタイミングが一致しており、VSWBIMFおよび太陽風速度との相関が高い事がわ

かった。これより、酸素イオンの散逸には太陽風動圧、VSWBIMF、太陽風速度が

強く関わっていることが判明した。 

 

 4


	Abstract
	要旨


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


