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研究成果概要： 

2018年度においては、ALPAQUITAアレイのためのインフラ設備(送電線、エレキハット、敷

地フェンスなど)の設計等を行った。2019年2〜3月例年より降雨が多く、現地サイト付近の道

路の状況が良くないため、予定より現地のインフラ整備が遅れている。一部のインフラは完

成しつつあり(写真下)、2019年5月頃に完成予定である。すでにアレイ建設に必要な物資は現

地に輸送が完了している(下写真)。2019年5-7月に掛けてALPAQUITAアレイの設置が行われ、

観測が開始される予定である。また、ALPAQUITAアレイの詳細な性能評価のためのMCシミュレ

ーションの開発、および、ALPAQUITAアレイによる「太陽の影」の数値シミュレーションも進

行中である。	

 

 

 

写真 2 現地に輸送された実験機材や物資

が納められたコンテナ。開封時の写真。 

写真 1 実験サイトに敷設さ

れた高圧電線。 



また、太陽フレアに伴うコロナ質量放

出（CME）が「太陽の影」を分散させる効

果があることを実験的に明らかにし、将

来的に宇宙天気予測に応用できること

を示した(図１)。これらの成果を纏めて

国際会議で発表し[4]、査読付論文に掲

載された[5]。	

南米ボリビアのサイトは比較的赤道

に近いため、チベット空気シャワーア

レイの観測サイトと比べ、太陽が視野

内に滞在する時間が長くなり、ほぼ一

年間を通して観測可能で、同じ有効面

積では 2倍程度の宇宙線の統計が期待される。また、北半球で観測されるチベットの

「太陽の影」と合わせると、緯度経度の違いにより、１日中・１年中切れ目のない観測

が可能となる。今後の太陽活動は、2015 年頃に極大をとり、2020 年頃が極小になると

予想されている。2018 年度は、極小期に近いところで「太陽の影」の観測が行えるの

で、宇宙線が太陽近傍磁場に散乱されにくく観測しやすい条件となっている。MCシミ

ュレーション等の予測から、8月以降の半年の観測により、10σ程度で「太陽の影」の

検出を見込んでいる	
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the Earth 2–4 days after the solar eruption, 3TeV GCRs take
only ∼8 minutes to reach the Earth after passing near the Sun.
GCRs arriving at the Earth from the direction of the Sun,
therefore, can be affected by the ECME during a transit period
between the solar eruption time observed by the Solar and
Heliospheric Observatory (SOHO)/Large Aperture Solar
Coronagraph (LASCO) and the arrival time at the Earth. In
this study, we examine the influence of ECMEs by analyzing
Dobs observed during a period with/without these transit
periods of ECMEs. For ECMEs lacking relevant eruption time
available from the SOHO/LASCO observation, we assume 4
days for the transit period, which is an average of all ECMEs
covered by the SOHO/LASCO observation.

The histograms in Figure 2(a) show the number of ECMEs
recorded in each year. The gray histogram displays all 228
ECMEs listed in Richardson & Cane’s catalog, while the blue
histogram shows only 118 ECMEs each with a transit period
covered by the observation of Dobs by Tibet-III. It is seen that
the number of ECMEs varies roughly in a positive correlation
with the sunspot number. Due to this correlation, almost half of
the analysis period is occupied by 20–35 ECMEs per year in
2000–2002 around the solar maximum, while more than 90%
of the analysis period contains no ECME in 2007–2009 around
the solar minimum. The solid squares in Figure 2(d) display
Dobs observed during periods without ECMEs transit periods,
while the solid squares in Figure 2(e) show Dobs observed
during the ECME transit periods that are excluded in
Figure 2(d). It is seen in these figures that the deviation of
Dobs from the MC simulations in 2000–2002 is significantly
reduced in Figure 2(d) than in Figure 2(c), while it is increased
in Figure 2(e), as confirmed by the χ2 tests in Table 1.
Interestingly, the Dobs observed at 10TeV by the Tibet-II array
during the ECME transit period also seem to be marginally
inconsistent with the MC simulation at the chance probability
of 0.044 as seen in this table.

Due to insufficient statistics and limited angular resolution,
the current observation of the Sun’s shadow with Tibet-III does
not allow us to analyze each individual ECME event by event.
Hence, we superposed the temporal variations of Dobs on a
daily basis with the CME eruption time set at t=0 in Figure 3.
In order to reduce the influence of the overlapping ECMEs, we
excluded an ECME from this plot when it has another ECME
eruption(s) within ± 5 days from its eruption time. The blue
solid circles show Dobs observed in the entire period including
2000–2002 when the transit periods were recorded with
significant overlapping in the table by Richardson & Cane
(2010), while the red triangles show Dobs observed in
2003–2009 when the transit periods were less overlapping.
Although the variations in this plot may not be statistically
compelling, one can still see the tendency that Dobs has a

maximum at t=0, and gradually decreases during the
following couple of days. This may imply that the ECME
continues to affect the Sun’s shadow even after getting out to
interplanetary space. This feature is better seen in the
2003–2009 period (red triangles) that is less contaminated by
overlapping CMEs. We also note that Dobs starts to gradually
increase before the ECME eruption (t< 0). This again may
suggest that the Sun’s shadow can be a useful tool for space
weather forecasting. It is also noted in this figure that the
temporal variation of Dobs due to the ECME is separate from
the solar-activity-cycle variation that appears in the difference
between the background (average) levels in 2000–2009 and
2003–2009.
These results give a supporting evidence of the influence of

the ECMEs on Dobs observed at 3TeV. The magnetic
deflection of GCR orbit in the CME is proportional to L/RL,
where L is the scale length of the magnetic field and RL is the
Larmor radius of GCRs. Due to the self-similar expansion of
the CME, L increases with the radial distance r from the Sun as
L∝r, while RL also increases as RL∝r2 because of the
transverse field component, Bt, responsible to the orbital
deflection, decreasing as Bt∝1/r2 in the expanding magnetic
flux rope. So, the deflection power of the CME varies as 1/r.
The same deflection is, however, more effective in reducing
Dobs when it occurs farther from the Sun, resulting in another
factor proportional to r. The net influence on Dobs, therefore,
may remain nearly constant during the transit period of the
ECME. If we assume Bt=10 nT and L=0.1 au at 1 au, we
obtain ∼2° for the deflection angle which is larger than the

Table 1
Summary of the χ2 Tests of the Agreement between Dobs and Predictions by MC Simulations Based on Statistical and Systematic Errors

During an Entire Period Without ECME Transit Periods During ECME Transit Periods

Models χ2/d.o.f. Probability χ2/d.o.f. Probability χ2/d.o.f. Probability

3TeV CSSS Rss=2.5 Re 21.3(32.1)/10 0.019(3.9 × 10−4) 8.6(12.2)/10 0.57(0.27) 19.2(23.9)/7 0.0076(0.0012)
3TeV CSSS Rss=10 Re 30.1(46.9)/10 8.2×10−4(9.8 × 10−7) 14.3(21.0)/10 0.16(0.021) 24.0(29.4)/7 0.0011(1.2 × 10−4)

a10TeV CSSS Rss=10 Re 8.3(10.3)/14 0.87(0.74) 7.5(8.9)/14 0.91(0.84) 20.1(21.1)/11 0.044(0.032)

Note. Results based on only the statistical errors are indicated in braces.
a For Dobs observed at 10 TeV by the same detector configuration as the Tibet-II array during a period between 1996 and 2009 (Amenomori et al. 2013).

Figure 3. Superposed temporal variation of Dobs around the ECME eruption
time set at t=0 on the horizontal axis. The blue solid circles (red triangles)
show the variation obtained from the data in 2000–2009 (2003–2009).
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図 1「太陽の影」の深さと地球方向に向う CME の発生

時間との相対時間の関係 [5] ApJ, 860, 13 (2018)。 


