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SiO v=1,2,3 J=1→0 メーザの相対分布からメーザー励起機
構を推察する	


(J. –F. Desmurs, et al., 2014)	


p  Stellar Radiative pumping  

19
92
Ap
J.
..
39
9.
.7
04
L

(Lockett & Elitzur, 1992 )	
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Fig. 4. E↵ects of the SiO-H2O line overlap on the excitation of the SiO maser emission for the three first vibrationally excited levels, v=1, v=2,
v=3 (blue, green and red respectively) J=1�0 (solid lines) and J=2�1 (dashed lines). The number of emitted photons (s�1 cm�3) in the maser
transitions as a function of H2 density is shown. Left panel: model calculations that do not include the e↵ects of the line overlap. Right panel:
model results including the line overlap.
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Fig. 4. E↵ects of the SiO-H2O line overlap on the excitation of the SiO maser emission for the three first vibrationally excited levels, v=1, v=2,
v=3 (blue, green and red respectively) J=1�0 (solid lines) and J=2�1 (dashed lines). The number of emitted photons (s�1 cm�3) in the maser
transitions as a function of H2 density is shown. Left panel: model calculations that do not include the e↵ects of the line overlap. Right panel:
model results including the line overlap.
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Fig. 4. Comparison among the SiO v = 1, 2, and 3 (J = 1–0) maser emission observed in W Hya on 2009 February 27–28. (a) Composite velocity-
integrated maps of the SiO v = 1, 2, and 3 masers. The contour levels are described at the bottom of the figure. The map origin is located at the v = 2
maser spot that was observed on February 28 and used as fringe-phase reference. A dashed line ellipse with major and minor axes of 80.0 mas and
71.4 mas, respectively, at a position angle of 70ı east from north indicates a ring-shaped brightness morphology of the SiO v = 1 and v = 2 maser
emission roughly fitted by eye. (b) Composite first moment map of the SiO v = 2 (eastern two features) and v = 3 (other western features) maser
emission in W Hya obtained on 2009 February 28. The region showing the v = 3 emission is enlarged. The coordinates of the v = 2 and v = 3 map in
figure 4a were shifted by (29.1, 64.7)[mas] from those of the first moment map (see main text about the offset).

Mira) and ! Cyg (S-type Mira), Soria-Ruiz et al. (2004)
reported that SiO J = 2–1 and J = 1–0 masers at v = 1 have
completely different spatial distributions, while the J = 1–0
masers at v = 1 and v = 2 have similar spatial distributions
with slightly different angular distances from the central star.
In particular, the spatial coexistence of the J = 1–0 lines at
v = 1 and v = 2 as well as quenching of the J = 2–1 line
at v = 2 are significant maser properties. These observa-
tional results are well explained by the line-overlap between the
ro-vibrational lines ("2 = 0 127;5)–("2 = 1 116;6) of para-H2O
and (v = 1 J = 0)–(v = 2 J = 1) of SiO (e.g., Langer &
Watson 1984). This is the case of O-rich Miras, but not in
S-type ones where the J = 1–0 line at v = 2 is much weaker.
Similarly, an enhancement of the J = 1–0 line at v = 3 and
a weakening of the J = 2–1 line at v = 3 in O-rich Miras have
been proposed to be explained by similar line-overlaps in the
SiO and H2O lines (Cho et al. 2007). Note that, these mech-
anisms require spatial coexistence among the v = 1, 2, and
3 lines only with the condition that two overlapped frequen-
cies of the SiO and H2O lines coincide perfectly within the
thermal width. In order to pump from the v = 2 J = 0 to

the v = 3 J = 1 level, a mid-IR radiation with a wavelength
almost equal to that for pumping from the v = 1 J = 0 level to
the v = 2 J = 1 level is necessary. Since these pumping tran-
sitions should occur at the same location, a spatial coincidence
between the J = 1–0 lines at v = 2 and v = 3 is also required.
However, the difference in frequencies and in optical depths of
these IR pumping lines may create offsets of the maser distribu-
tions. A more careful investigation of the LSR velocity differ-
ences and theoretical models for calculating the IR opacities in
the circumstellar envelopes could be used to judge this issue.
In this case, the velocity field in the CSE should also be taken
into account. If a simultaneous excitation of the three maser
lines occurs by a fine tuning of the Doppler frequencies of the
transitions, then spatial offsets should have different character-
istics between the CSE velocity fields dominated by systematic
deceleration/acceleration and turbulence motions.

For the case of the SiO v = 1 and v = 2 masers in the O-rich
star W Hya, the maser distributions are roughly consistent with
those reported in Soria-Ruiz et al. (2004). For the case of
the v = 3 line, however, the proposed line-overlap mechanism
cannot explain the positional difference between the v = 3 and
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Fig. 5. Comparison between the maps of SiO v = 2 and v = 3 (J = 1–0) maser emissions observed in W Hya on 2009 April 11–12. (a) Contour
maps of the SiO v = 3 (red) and v = 2 (yellow-green) emissions. SiO v = 3 maser feature C was used as position references for exchanging from the
v = 3 map synthesized on the basis of the phase-referencing technique with the v = 2 emission data to that on the basis of the self-calibration technique.
A dashed-line ellipse with major and minor axes of 75.2 mas and 67.1 mas, respectively, at a position angle of 70ı east from north indicates a ring-shaped
brightness morphology of the SiO v = 2 and v = 3 maser emissions roughly fitted by eye. (b) First moment map of the SiO v = 2 emission. (c) Same as
(b) but for the SiO v = 3 emission. The local-standard-of-rest velocity of the SiO maser emission in (b) and (c) is indicated in a horizontal color bar.

v = 2 masers observed on 2009 February 27–28. As an alterna-
tive model, the collisional pumping model (Lockett & Elitzur
1992) is proposed. It suggests that the J = 1–0 line at v = 3
cannot be excited at the location where the spatial coexistence
of the J = 1–0 lines at v = 1 and v = 2 was found. Instead, the
former line should be excited in the inner part of the CSE. Even

though at lower vibrational levels the line overlap mechanism
may be predominant, at higher vibrational levels the collisional
pumping mechanism may become the major one. However,
collisional pumping will require a non-local thermodynamical
equilibrium (non-LTE) condition in the CSE such as the prop-
agation of shock waves enhanced by stellar pulsation. The
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( Imai, et al., 2010)	


− 明るいv=2メーザーの速度チャンネルを使ったフリンジフィッティングと 
　 セルフキャリブレーションの解をv=1, v=3の全チャンネルに適用する  

Phase reference によるマップ合成ーW Hyaー	


Collisional pumping	
 Line overlapping	


マップ合成による誤差はメーザースポットサイズ 
より小さいことが望ましい 

 
1mas 以下	




Phase referenceによる複数輝線のマップ合成精度は、輝線
の周波数差Δνに比例する。v=2〜v=1間、v=2〜v=3間の
周波数差はΔν〜300MHzと大きく、局位置座標の誤差によ
る遅延時間残差は無視できない。ところが、NRO45の局位置
は20年以上前に決定したものを現在も使用していて、誤差が
大きいと考えられる。 

 

 

２０１４年１月、野辺山45m局位置GPS測地計測を実施した 

問題点	




野辺山45m局位置GPS測地計測	


計測地点: X3 (45m 鏡 Az 軸より真東へ 30 m)  

　　　　　　　M6(NMA station 6 付近) 	


計測期間: X3点: 2014/1/5 21:30—1/8 11:00JST  

　　　　　　　M6点: 2014/1/5 09:30—1/8 09:00JST 	


解析結果：計測位置誤差  X3： 1-2cm, M6： 5cm程度 

　　　　　　　X3-M6間のITRF上での相対座標誤差　5mm程度	


旧極位置: 	


　X=-3871023.49 Y=3428106.80 Z=3724039.50  (m)	


新極位置: ただし、Az軸-El軸交点の位置には20–30cm程度の不確定性あり 

　X=-3871025.46 Y=3428107.42 Z=3724038.71  (m) 

（「GPS を用いた野辺山 45m 電波望遠鏡局位置推定及び VLBI データ校正につ
いて(最終報告)」　今井裕　加納周　桑原翔; 2014/2/14） 	


 

	


	


Fringe-fitting で得られた遅延時間残差の比較 	


旧局位置	


新局位置	
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NRO45m新局位置の再遅延追尾解	
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観測コード：r12141b 

Target source：RS Vir         ( 14h27m16.39s, +4°40’41”.1 )  

　　　　　　　　　　 V4120 SGR ( 18h3m56.53s, -20°19’00”.5 ) 

 　　　　　　　　　　T Cep          ( 21h9m31.78s, +68°29’27”.2 ) 

　　　　　　　　　　 WX Psc        ( 1h6m25.99s, +12°35’53”.4 ) 

 

RS Vir	
 V4120 SGR	
 T Cep	
 WX Psc	




校正天体Fring-fitting後の解ー遅延残差ー	
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− 異なる天体間のギャップが減少 
− 線形性が改善	


旧局位置	


新局位置	




Phase reference によるマップ合成ーT Cepー	


旧局位置	
 新局位置	


− v=3メーザースポットがv=2メーザースポットに対し、相対的に北東方向に 
　 3 – 4masシフトした 

1mas	


1mas	


メザースポットの位
置誤差は1mas程
度に改善した	
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VERA+NRO45データ(旧局位置）	
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8.6 mas	


1
2
.2

 m
as

	


Phase reference によるマップ合成ーWX Pscー	


− VERAデータのみでのphase referenceによるマップ合成に成功。 
　 メーザースポット位置誤差は50μas以下。 
− VERA+NRO45(旧局位置）の場合、v=3メーザースポット位置がVERAのみの 
　 場合に比べて20mas以上も異なる。 
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VERA+NRO45データ(新局位置）	


Green: v=2	

Red: v=3	


Phase reference によるマップ合成ーWX Pscー	


− NRO45新局位置を採用した場合、v=3メーザースポットが15mas以上シフト 
　 した。 

8.6 mas	
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2
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位置誤差は改善した
が、まだ5mas以上
残っていて不十分	




Summary	

�  NRO45m新局位置座標（再遅延追尾解）を採用した結果 

Ø 校正天体のfringe fittingで得られた遅延時間残差 
− 異なる天体間のギャップが小さくなり、線形性も改善された 

Ø Phase referenceによるマップ合成 
− T Cep；v=3メーザースポットが、3–4 masシフトした 

　　　　　メーザースポット位置誤差は1mas程度に改善した 

− WX Psc; v=3メーザースポットが、15mas以上シフトした 

　　　　　メーザースポット位置誤差は5mas程度に改善したが不十分 

− 天体によって位置誤差が大きく異なる。観測時のベースライン 

　　ベクトルと天体方向の関係に依存すると考えられる。 

�  新局位置にはまだ20–30cmの不確定性があり、全ての観
測天体に対してphase referenceによるマップ合成を行う
には精度が不十分。NRO45m+VERA VLBI測地観測が
必要である。 

 

局位置精度2–3cm → メーザースポット位置精度1mas以下	




 

 

ご清聴ありがとうございました	
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