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　星形成過程における磁場の観測は重要である。星と円盤は分子雲コアの重力収縮の過程で誕生する。磁場
はアウトフローやジェットの生成要因であると同時に円盤形成に本質的な役割を担っていると考えられてい
る。近年磁場によって整列したダストの直線偏光を観測することによって間接的に重力収縮する分子雲コア
の磁力線の詳細な観測が行われ始め(Girart et al. 2006)、これらの観測で重力収縮によって磁場が曲げられ
ていることを示す「砂時計型」構造が確認された。しかし観測で得られた2次元偏光マップから3次元の磁
場の情報を正確には引き出せないことが問題であった。そこで我々は町田正博氏提供の3次元MHDシミュ
レーションによって得られた理論的な磁力線構造から偏光マップを再現することで、偏光観測の理論予測を
行った。
　本研究から、観測によって得られた砂時計型の偏光ベクトルや偏光度をよく再現する結果を得た(下図参
照)。その一方で、特に初期の回転軸と磁力線が平行でない場合、実際の磁場構造が砂時計型でないにも関
わらず観測角度によっては砂時計型に見える可能性を示した。また、従来行われていた偏光ベクトルの関数
によるフィッティングは物理パラメータを正しく引き出せないと結論づけ、新たに偏光ベクトルの傾きを利
用して磁場形状を分類した。
　また、2011年4月に台湾の清華大学とASIAAに招待され、両機関で本成果についてのセミナーを行っ
た。この滞在中、現在世界最高精度を誇るSMA電波望遠鏡観測グループと観測結果とその理論的解釈につい
ての議論も行った。現在、この台湾の観測グループと共同研究を進めている。
　本研究成果は日本天文学会2011年春季年会で発表した。
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Massive stars play a crucial role in the production of heavy elements and in the evolution of the
interstellar medium, yet how they form is still a matter of debate. We report high-angular-resolution
submillimeter observations toward the massive hot molecular core (HMC) in the high-mass
star-forming region G31.41+0.31. We find that the evolution of the gravitational collapse of the
HMC is controlled by the magnetic field. The HMC is simultaneously contracting and rotating,
and the magnetic field lines threading the HMC are deformed along its major axis, acquiring an
hourglass shape. The magnetic energy dominates over the centrifugal and turbulence energies,
and there is evidence of magnetic braking in the contracting core.

Stars more massive than 8M◉ (whereM◉ is
the mass of the Sun) account for only 1%
of the stellar population in our Galaxy.

Nevertheless they dominate the appearance and
evolution of its interstellar medium and are re-
sponsible for the production of heavy elements.

The formation of massive stars is not com-
pletely understood. Stars form when dense mo-
lecular clouds collapse as a result of gravity. But
as the mass of a young star reaches 8M◉, its own
radiation can exert enough outward pressure to
halt infall, inhibiting further stellar growth (1).
The presence of a flattened accretion disk sur-
rounding the protostar (2) can alleviate this in-

hibition by shielding the infalling material from
stellar radiation and by creating a lower density
section along the rotation axis of the disk and a
molecular outflow, which helps by channeling the
radiation out, allowing the formation of stars more
massive than 40M◉ (3–5). Massive stars may also
form through mergers of smaller stars (6).

The scenario whereby massive stars form
through disk-assisted accretion resembles the
way stars like the Sun form. Both processes
involve accretion through a flattened disk and
molecular outflows. The magnetic field is thought
to play an important role in the formation of Sun-
like stars by shaping cloud collapse, removing ex-

cess angular momentum, and thus allowing con-
tinuous accretion (7–9), even in the case of an
originally weak magnetic field (10). High-angular-
resolution polarimetric observations of the low-
mass protostellar system NGC 1333 IRAS 4A
(IRAS 4A) showed a magnetic field with a clear
hourglass morphology at scales of a few hundred
astronomical units (AU) around the collapsing mo-
lecular core surrounding the protostars (11), a con-
figuration that was shown to be consistent with
theoretical models for the formation of solar-type
stars, where well-ordered, large-scale, rather than
turbulent, magnetic fields control the evolution
and collapse of the molecular cores from which
stars form (12).

We investigated the hot molecular core (HMC)
in G31.41+0.31 (G31.41), a massive star-forming
region [~500 to 1500 M◉ (13, 14)] located 7900
parsecs (pc) away (15). G31.41 has a luminosity
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Fig. 1. (A) Contour map of the 879-mm dust emission superposed on the color
image of the polarized flux intensity in units of Jy per beam. Black thick bars
indicate the position angle of the magnetic field. These maps were obtained by
using a natural weighting to the visibility data, which yielded to a full width at
half maximum synthesized beam of 1.34″ × 0.83″ with a position angle of 67°
(shown in the bottom left corner). Contour levels are 0.8, 1.5, 2.5, 4, 6, 16,
26, 36…96% of the peak intensity, 9.13 Jy per beam. (B) Contour map of the
879 mm dust emission superposed on the color image of the flux weighted

velocity map of the CH3OH 147-156 A. Black thick bars indicate the direction
of the magnetic field. These maps were obtained by using a robust weighting
of 0 to the visibility data, which yielded to a full width at half maximum
synthesized beam of 1.04″ × 0.59″ with a position angle of 82° (shown in the
bottom left corner). Contour levels are the same as in the previous panel, with
a peak intensity of 6.55 Jy per beam. (C) Spectrum of the C34S 7-6 line at the
position of the dust emission peak. The continuum has been subtracted from
the line emission (this is valid for all the molecular line data presented here).
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左図 :星形成領域の観測結果 
(Girart et al. 2009)。色等
高図が偏光強度を、黒線が
磁力線の向きを表す。/ 右
図:申請者らの理論予測の一
例。色等高図と黒線。観測
の特徴をよく再現してい
る。
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