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上部電離圏でのHeイオン
• 昼間側でphoto-ionoizationで生成され、400km以下の窒素分子との
衝突で消滅する。

• 互いに荷電交換するOイオン、Hイオンに対して、Heイオンはそれ
らと荷電交換反応を行わず、比較的、化学的に安定で長寿命と言
える。

• したがって、熱圏におけるDynamicsの影響を受けやすく、その指
標として優れている。

He+ + N2  -> He + N2+ 
->He + N + N+ 

total rate coefficient 1.2 x 10-9 cm3s-1 (Ferguson, 1970)
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Previous Works

• In-situ measurements of several satellites have provided some 
characteristic of He+ structure in the topside ionosphere. (ex., 
H.A. Taylor. Jr. 1971, the winter bulge )

• R.J. Moffett and W.B. Hanson 1972 and J.A. Murphy et al. 1984 
explained these He+ structure with numerical models. 

• However, examination for theory with observational data is not 
perfectly done because of limitations of in-situ measurements. 

• Altitude change of a satellite along its orbit cause difficulty in 
getting precise horizontal structure at fix altitude. 

• The movement of orbital plane of polar orbit satellite prevent 
getting seasonal dependence at fix local time.
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熱圏の風 (GAIA)
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lost chemically by the reactions 

He+ +N,+He 
L 

He + 

B. HANSON 

+ N2+ (7) 

N + Nf 

with a total rate coefficient 1.2 x 1O-g cm3 s-l (FEROUSON, 1970). CHANDRA et al. 
(1970) have suggested that the additional loss process 

He++O+He+O+ (3) 

may be important at high altitudes. Thus we have performed some calculations with 
the rate coefficient of (8) equal to lo-l1 cm3 s-l. 

Hydrogen ions 

These are produced and lost chemically by the reactions 

H++O +H+O+ (9) 

where the rate coefficient is 1.4 x 10e9 cm3 s-l for loss of H+ ions (RAPP, 1963 ; 
STEBBINQS and RUTHERFORD, 1968). Photoionization of neutral hydrogen is omitted 
(HANSON and PATTERSON, 1964). 

Atomic oxygen ions 

The parameters ya and 04(X) adopted in calculating the photoionization rate of 
neutral atomic oxygen are given in Table 1. The loss rate is 

L 2 = k(C+, N,)n(N,) + k(C+, C,)n(C,) (10) 
where 

1.5 
L(O+, N,) = 

x lo-12(300/T) cm3s-1 for T G lOOO”K, 

1.5 x 10-12(300/1000)cm3s-1 for T > 1OOO’K 
and 

k(O+, 0,) = 
2.5 x 10-11(300/T)cm3s-1 for T G lOOO”K, 

25 x 10-11(300/1000)cm3s-1 for T > lOOO”K, 

T being the neutral gas temperature (FER~USON, 1970). 
The momentum transfer collision frequencies are, in s-l with N and n in cm-3 

(BANKS, 1966; SCHUNK and WALKER, 1970) 

He+-_+: y14= 1.3 x 10-E (T,/lOOO)“‘* NJ 

He+ - H+: y13 = 6.3 x 10-G ( T,/1000)-3/2 N3 

He+-0: Ye,,= 1.4 x 1O-g ( T,/1000)1/2 n(0) 

0+-H+: vp3 = 1.7 x 10-s (Ti/1000)-3’2 N3 

0+-o: Y*o= 7.5 x lo-lo ( Ti/1000)1/2 n(0) 

H+-0+: Q‘, = 2.7 x 1O-6 (Ti/1000)-3’2 N4 

H+-0: y30 = 2.2 x 1O-9 (T,/1000)1’2 n(0). 

The ion-drag on 0+ and H+ due to He+ can be neglected. 
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The influence of IIeUWdl winds on He+ distrihutinns in the equatorial ionosphere 545 

are chosen to reproduce the He+ distribution at a 
constant altitude of 800 km both at the dip equator and 
the geographic equator. 

Figure 2 shows the results obtained along the field 
tube that crosses the dip equator at 800 km altitude. 
These results are applicable to - 150” longitude, where 
the dip equator and geographic equator are ap- 
proximately colocated and the magnetic declination is 
about 10”E. Results are shown for the case of no zonal 
or meridional neutral wittd and for a zonal wind only of 
magnitude 130 m s-’ blowing from East to West at all 
latitudes. The component of neutral wind in the 
magnetic meridian plane is therefore about 25 m s ’ at 
this longitude and blows from the Northern to the 
Southern Hemisphere. The figure shows the concen- 
trations of O’, H + and He+ along the flux tube and the 
field-aligned velocity of each constituent. In both 
panels a positive ion velocity denotes motion of the 
plasma toward the South, which is toward the Equator 
in the Northern Hemisphere and away from the 
Equator in the Southern Hemisphere. 

In the case of no neutral wind the ion distributions 
are syn~metric about the dip equator and the ion 

velocities reflect the downward diffusion of ions from 
their production region to their loss region at lower 
altitudes. This is a result of the equinoxial symmetry 
assumed for the neutral atmosphere and the photo- 
production rates. O+ is the dominant ion through- 
out the magnetic flux tube with little Iield-aligned 
motion at altitudes above 300 km since we have ignored 
the fountain effect produced by E x B drifts [Moffett 
and Hanson, 19731. Due to dynamical processes 
Hi and He+ depart from chemical equilibrium 
above approxjmat~ly 500 and 400 km respectively. 

The lower panel illustrates the dramatic etTects of a 
relatively modest interhemisphere plasma transport 
velocity produced by an F-region neutral wind 
component in the magnetic meridian plane. Such a 
wind component raises the 0’ layer in the Northern 
Hemjsphere and lowers it in the Southern Hemisphere. 
The resulting decrease in the 0 ’ loss rate in the 
Northern Hemisphere and increase in the Southern 
Wemisphere causes a pressure imbalance leading to the 
bulk transport of0 across the dip equator. A measure 
of the pressure imbalance can be obtained by 
comparing the Ilux tube content in the northern and 
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The flux tube cross section at 800 km is 1 cm’. The top panel shows the results for no neutral wind in the 
magnetic meridian and the lower panel for a wind of 25 m s- ‘. 

Previous Work

The calculated distribution of ion concentrations to examined 
the the influence of neutral winds  

the deffrence is ~3 [Murphy et al. 1984] 
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The scope of this study

• Resonant scattering of He+ at 30.4 nm observed from 
the ISS is utilized to analyze the horizontal structure of 
total helium content. 

• With this new data, that is different from in-situ data,we 
examine our understanding of the dynamics of He+ in 
the topside ionosphere.
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Resonant scattering:  
83.4nm (O+)30.4nm (He+) 

Limb observation in backward.  
FOV 13.2 deg.

Extreme Ultra Violet Imager (EUVI)
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• 高度800kmを中心にHeイオン層が存在すると仮定し、高度800kmに
観測されたデータをマッピングする。

• ISSの太陽軌道面が半周する1ヶ月のデータを足し合わせることで北
緯南緯60°の範囲をカバーできる。

• 緯度10°、経度20°でビンニング。

• 太陽天頂角90°-110°の範囲のデータのみ解析する。

• オーロラの影響を避けるため磁気緯度45°以上かつAE指数45°のデー
タは除く。

• 中性大気による吸収の影響をさけるためタンジェンシャルポイント
の高度が300 km以上のピクセルのデータのみ解析する。

• TIMED衛星のSEEによる太陽光30.5 nmの観測データを用いいて補正
する。カウントにFday/Fmeanを掛ける。(Fdayは観測された日のフラッ
クス、Fmeanは足し合わせる期間中の平均のフラックス)
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December solstice
EUVI plot on map  2013/11/15-2013/12/15
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June solstice
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Northward Wind
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March Equinox
2013-02-15~2013-03-15 2014-02-15~2014-03-15 2015-02-15~2015-03-15
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September Equinox
2013-08-15~2013-09-15 2014-08-15~2014-09-15
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Comparison with SAMI-2 model

SAMI2 model 
電離圏の数値モデル 
経度15度毎で計算 
各経度毎、60の磁力線、磁力線にそって201点について解く。 
ローカルタイム0時から計算をはじめて、42時間後の結果について 
各点でのHeイオンの鉛直積分値を求めた。
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HFM93 wind model (Empirical model) may not be valid. 
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GAIA (Ground-to-topside model of Atmosphere and 
Ionosphere for Aeronomy) is an Earth’s atmosphere-
ionosphere coupled model that treats seamlessly the neutral 
atmospheric region from the troposphere to the 
thermosphere as well as the thermosphere-ionosphere 
interaction including the electrodynamics self-consistently. 
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SAMI2 Result Local time Total He ion content 2013-03-15  LT = 18
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The influence of neutral winds on He+ distributions in the equatorial ionosphere 547 

the equatorial crossing altitude of the flux tube that 
connects these points increases with both the radial 
distance of the points and the latitude of the points. 
Thus considering the difference in He’ densities, 
An(He+), between lOoNand lO”Soneachofthe6~and 
1200 km profiles in Fig. 3 we see that the difference is 
greater for the 600 km profile than for the 1200 km 
profile, and, as noted above, this can be associated with 
the equatorial crossing altitudes and relative asym- 
metry in plasma distribution in the two flux tubes 
involved. In general, steeper latitude gradients would 
therefore beexpected on thelower altitude He+ profiles 
of Fig. 3 compared to higher altitude profiles. Other 
processes influence the behavior shown in Fig. 3. In 
particular, the altitude dependence of the He+ 
concentration is evident and results in lower He+ 
concentrations on the 1200 km latitude profile 
compared to the 600 km latitude profile, for example. 

The other distinct feature of the He+ latitude 
behavior in Fig. 3 is most easily seen on the 600 km 
profile (note that, for a given set of flux tubes in a 
magnetic meridian plane with equatorial crossing 
altitudes exceeding 600 km, all Aux tubes pass through 
600 km altitude whereas only a few pass through 1200 
km). The difference in He+ concentrations. An(He’), 
for two points symmetrically spaced about the dip 
equator and at the same altitude, starts to decrease with 
latitude for latitudes greater than approximately lo”. 
This is also associated with the large equatorial 
crossing altitudes and the associated decrease in the 
asymmetry of the plasma distribution in these flux 
tubes, as described above. We note that, depending on 
longitude, the geographic equator may be located as 
much as 10” North or South of the dip equator. Thus 
the large latitude gradients discussed here will produce 
considerable variability in the longitude distribution of 
He’ at the geographic equator. 

In addition to producing latitude gradients, the 
wind-induced interhemispheric plasma transport also 
changes the He’ concentration at the dip equator. We 
have stated previously that even a modest neutral wind 
in the magnetic meridian of 25 m s-i can reduce the 
total He+ flux tube content by Sl%. In fact both 
northern and southern sections of the flux tube are 
depleted of He+ as a result of raising and lowering the 
O’+ layers. The dependence of the He+ content of a Aux 
tube, crossing the dip equator at 800 km, on 
interhemispheric transport velocity is shown in Fig. 4. 
Also shown here is the He+ concentration at the dip 
equator and the transequatorial He’ flux. For the 
range of neutral wind speeds considered, the transport 
velocity varies almost linearly with neutral wind speed 
whereas the He+ tube contents and the He+ con- 
centration decrease rapidly, as the interhemispheric 
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FK. 4. THE TOP PANEL SHOWS THE He+ TKANSEQIJATOKIAL 
FLUX AND THE MAGNETIC FLUX TUBE CONTENTS OF He+ AS 
A FUNCZTIONOF INTERHEMISPHERIC TRANSPORTVELOCITY. 

The lower panel shows the variations of the He+ 
concentration at the tip equator and the magnetic meridian 

component of the neutral wind. 

transport velocity increases from zero to 30 m s-l. 
Relatively small changes in the He+ contents and 
concentration then occur as the interhemispheric 
velocity increases further. The He” flux across the dip 
equator continues to increase, however, for increasing 
interhemisphere transport velocities in the range 
O-150 m SC’. 

4. APPLiCATlON TO O~ ~ ~ VATIO~ S 

Here we will discuss features of the longitude 
distribution of He+ at 800 km in the equatorial region 
as obtained from the model calculations. We compare 
them with observed results at equinox and discuss 
possible He+ behaviour at the solstices. Our discussion 
is limited to the local time region between 07.00 h and 
10.00 h, when the E x B drift has little effect on the 
latitudedistributionoftheionsneartheequatorso that 
longitude distributions are affected predominantly by 
neutral wind components in the magnetic meridian. 
Our calculations are directly applicable to the equinox 
conditions at 09.30 L.T. for which the Atmosphere 

 [Murphy et al. 1984] 
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まとめ

• 共鳴散乱光から上部電離圏のHeイオンの分布を推定した。

• 冬半球でのHeイオンの増大が全Heイオン量でみても確認された。

• 春、秋について経度構造がある。

• SAMI2+GAIAの計算で春、秋の経度構造はある程度再現される。

• 南北風の経度構造が、Heイオンの経度構造に対してeffectiveなのか確認する。

• 風の影響がeffectiveだとして、南北風の経度構造の潮汐、磁場の寄与を議論する。

今後
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