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質量降着と原始星進化

◯高降着率'
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　 '星の膨張を引き起こす'

　=EGQG?'R6;6S8F8T')*+*>'
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'UV!#&到達質量の増大'

' 'など原始星進化に影響'

''

''

R6;6S8F8'W'AXIS8K'=)**Y>より'
降着率と星質量の関係

原始星表面への'

質量降着が極めて重要'



Z階層的降着構造[''

5K:\IX.]:6/6\7I;/E:''

ECLE76]E'6:'Z/6:6KD['

=EGQG?'%EI/0E:T')**Y>'

'^+*.,'#
;IC
'P:.+!""#$%&'()*+,(

-.#/0+123435(
(64378(9+0'(:#74(;(

(:6/6;/8:

+*'.+**'!4<'!"#!'W'1"_M

+*,'.+*N'!4<'一般的な電波干渉計

`'*G,'!4

+*.,'.'+*.)'#
;IC
'P:.+'

'=EGQG?'50ECT')*+*>

=a78bECED.>'MCc877KCQ'56:E

^̂



(67E.6C天体を対象とした'

' ' ' '円盤-ジェットの詳細観測

◯大質量原始星候補の多くは[EDQE.6C[天体'

'''U円盤自身が光学的に厚く'
' ' ' ' '　中心領域を見通すのは不可能'

'

'

◯a8\E.6C'円盤の利点'

•  58LK/Pが光学的厚みを軽減'

'　　　　U円盤内奥部分まで観測可能'

' ' 'U赤外輝線による原始星近傍観測も容易'
'

•  動径方向の温度、面密度分布を直接測定可能'

◯(67E.6C'ジェット-アウトフローの利点'

•  ジェット-アウトフローの速度場測定が容易'



ターゲット天体'
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•  Zポールオン[の大質量原始星ジェット候補 '''' ' '
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観測準備状況

◯パイロット観測'
'

•  123!-苫小牧によるメーザー長期モニター観測'
'

•  &#!による+G,'XX観測=済>l!"#!と同周波数'
'

•  B.1"!による'&KA=+.*>輝線の詳細観測=+)月~>'

' ' ' ' '''l!"#!と同等=+**'!4相当>'

' ' ' ' ' ' ' ''''''の空間分解能'

'

'

◯多天体観測の準備'

•  @3ANhXによる分子ジェット探査=済>'
'

•  !I;/:87K8'_E7E;\6]E'56X]8\/'!::8Pによる'
' ' ' ' '低周波イメージング探査=++月~>'

' ' ' ' ' ' 'l!"#!と相補的=h'.N,'jRm>'



@3ANhX鏡による分子ジェット探査

•  南天側候補天体'

' '+*天体を観測'

'

•  h天体で'

'高速ガスを検出'

=#6/6QKT')*+,'KC']:E]>'

'

•  追加探査を提案中'

'

'

Table 1: Summary of the survey
Name Molecule T ∗

A
a dV 1-σ rms SN tbon tcadd Notes

(mK) (km s−1) (mK) (σ) (min) (min)
G353.273+0.641 SiO 23 120 2.7 8.5 120 - Blue dominant
G110.477+1.480 SiO 20 160 6.4 3.1 11 64 Blue & Red
G173.722+2.692 SO 9 80 3.5 2.6 72 411 Blue dominant
G179.680-2.560 - - - 4.1 - 22 85 No wing
G10.843-2.593 SiO 10 150 2.7 3.7 64 186 Blue dominant
G12.720-0.218 - - - 3.6 - 59 57 No wing
G16.927+0.960 - - - 3.6 - 58 57 No wing
G16.806+0.815 SO 15 60 4.1 3.7 38 85 Red dominant
G351.243+0.671 SiO 18 180 3.9 4.6 60 19 Blue & Red
G357.967+0.163 SO 21 60 4.3 4.6 67 29 Blue dominant
G12.429-0.048 - - - - - - 183 New source
G13.874+0.281 - - - - - - 183 New source
a T ∗

A in the wing part. b Total on-source time in the previous observation.
c Additional obseraving time (On + Off + slewing) required to achieve 5-σ detection or 3-mK rms.

Figure 2: The examples of the blue-shift dominated
molecular jet detected in our survey. The x-axis shows
the relative velocity against the systemic velocity. The
black horizontal lines show a zero level for each spectrum.

sources, we set the 1-σ noise level of 3-mK that will be
the average value for detected sources. The extra ob-
serving time is listed in Table 1.

We also propose a new observation for two addi-
tional sources, G12.429-0.048 and G13.874+0.281, that
are southern DBSMs (e.g., [10]) associated with the B-
type HMPOs (∼ 104 L#) similar to G353. They are
targets of the new multi-band (cm - submm) imaging
project using ATCA and ALMA. The project includes
the seven southern sources in Table 1 (5 detected + 2
new sources) and the initial centimeter wavelength ob-
servation was already approved (project code: C2883).
The result of this survey directly leads to the millimeter
observations that will be proposed in the next.

5 Detailed Settings for Observations

Observational settings are same as the previous observa-
tion. All observations should be done in an elevation an-
gle higher than 15◦ with the position switching method.
We use TZ1H/V receivers and SAM45 spectrometer in
4 IF mode. Two distinct polarizations are integrated for
sensitivity. Spectral resolution is set to 488.28 KHz (to-
tal 2 GHz per array). All targeted lines are observable
simultaneously.

The observing times in Table 1 were determined, ex-
pecting a final spectral resolution of 6.8 km s−1 (same
as Figure 2). We assumed Tsys of ∼ 180 K, which was
the typical value in the previous observations. Total ob-
serving time is 23 hour and we request 29 hour including
a overhead time of 30 %. We also observe several out-
flow or dense gas tracers using other available spectral
windows.

We finally request a careful tuning parameter search.
One reason for the low SN in the previous observation
was that the half of the data taken with the TZ1H re-
ceiver were not available. This is because of signifi-
cantly low image rejection rate (IRR ∼ 5 dB). Although
the IRR was drastically modified by the manual tuning,
it caused widely spread spurious signals from the AD
convertor (PANDA), which affected the mainly targeted
lines in the worst case.
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!_5!-&#!によるパイロット観測
◯!"#!と同波長帯'

' ',n+G,XXを観測'
'

◯母体雲を掘り進む'

　 '原始星ジェットを検出'
' '
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1"%M観測の役割

•  MC\7KC8J6C'8CQ7Eの決定'

'))'jRm'R
)
A' ' 'lジェット根元の,次元運動'

' ' ' ' ' ' ' 'UすでにB1@観測開始'

'''''kGi'jRm'5R
,
AR 'l円盤,次元運動、分布形態'

' ' ' ' ' ' ' 'U!_5!による形態調査中'
'

　　 'U&2$モデリングに必要不可欠'

' ' 'EGQG?' ''絶対光度の評価に桁で影響'
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K. Sugiyama et al.: Infall motion of the Cep A methanol masers at 6.7 GHz
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Fig. 5. Upper-panel: The relative proper motions averaged over all the persistent spots in each maser cluster listed in Table 3. Cones show the
averaged proper motions in each cluster (the base of the cone corresponds to the uncertainty). The origin of each cone is located at the brightest
spot in each cluster. The star represents the location of the 43 GHz continuum peak (as in Figure 2). The dashed ellipse corresponds to the fitted
elliptical structure for the methanol maser emission. Colors indicate the LSR velocity of maser clusters, with the range of LSR velocities within a
cluster ([min:max]) shown in the top-left corner. Lower-panel: The internal proper motions predicted from the fitted disk model including rotation
and infall (see Section 4.1). The horizontal and vertical axes give the RA and Dec coordinates. The spatial scale is indicated by the bar at the
bottom-right corner of the plot. Colors indicate the LSR velocity of the maser emission located in the disk (see color index at the right), using
the same color velocity conversion code (shown on the right of the panel) as in the upper-panel. The dashed ellipse is identical to that shown in
upper-panel.
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まとめ

•  !"#!による(67E.6C天体の詳細観測を計画中'

''l降着エンベロープ.'個別円盤の動径構造=+*N'O'+*)'!4>'

' ' ' ' ' ' '　　　=温度、密度、化学組成>'

' 'l原始星ジェットの速度場、組成、キャビティ構造'
'

•  現行単一鏡-干渉計によるパイロット観測は順調'
'

•  !"#!と相補的な豪州望遠鏡による'

' ' ' ' ' ' '低周波観測も時間獲得済み'
'

•  赤外線観測についても検討開始=+*)'!4'O'原始星本体>'

' ' 'EGQG?'5A'98CD0E8Dlh***'pのガスに感度'
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Figure 7.15: A schematic view of an innermost disk detected in NIR emissions from Bik et al. (2008). Several different line-forming regions
(CO, Brγ, He I, Pf23–30) in the circumstellar disk are denoted. The CO is located in the dense mid plane of the disk, while the hydrogen lines
are emitted by the ionized surface layer and/or disk wind.

•  近赤外5A輝線によるケプラー円盤の検出'
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赤外線観測で推定される円盤構造=%KST')**e>



赤外線撮像

7 EVOLUTION AND FEEDBACKS 66

Figure 7.16: The structures of a disk–jet system in IRAS 13481-6124 from Kraus et al. (2010).
a: IR jets detected by Spitzer/Infrared Array Camera (IRAC) images. The jet is traced by excess
emissions in the IRAC 4.5 µm band (green). The colors in the composite image correspond
to wavelength-bands around 3.6 µm (blue), 4.5 µm (green), and 8 µm (red). b: Associated
molecular outflow detected by 12CO (3–2) emission. Solid and dashed contours show a blue-
shifted velocity of -10 km s−1 and a redshifted velocity of +5 km s−1, respectively. c: The VLTI
image of the dusty disk, which has a size of 5 mas × 8 mas (mas = milli-arcsecond). d: The
best-fit radiative-transfer model image seen at 2 µm band. An inner dust free radius is expected
to be 6.2 au.
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