
可視近赤外から電波まで超大型望遠鏡を用いた 
銀河形成進化を司る宇宙の物質循環の解明

Tumlinson et al. (2017)

銀河

宇宙からの 
ガス流入

ガスと金属流出

銀河の星形成を促進・抑制するガスの流出入(inflow/outflow)の特徴・メカニズム? 
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銀河周辺物質 Circumgalactic medium (CGM)
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Herenz, Kusakabe, Maulick et al. (2025)

* スイスのジュネーブ天文台をはじめとした欧州との共同研究

*欧州、米国、インド、南アフリカとの共同研究

1) 宇宙年齢約20-30億年の時代の銀河 (赤方偏移2-4) 
Lyαハロー(広がり): 星形成の材料 
となる銀河周囲の冷たい中性水素ガス

SiII*ハロー: 超新星爆発による銀河スケール 
outflowで噴き出したシリコン輝線初検出


2) 近傍宇宙の形成初期銀河Publications of the Astronomical Society of Japan (2024), Vol. 00, No. 0 3

Fig. 2. Optimally extracted H↵ (left) and [O III]�5007 (right) image of J1044. Flux values, F{H↵,[OIII]}, are displayed with a logarithmic stretch, ln(3000⇥
F )/ ln(3000), from �1.5⇥ 10�20 to 10�16erg s�1cm�2 as indicated by the colour-bar on the right; tick marks correspond SB values of SB{H↵,[OIII]} =

{2.5,7.5,25,75,250,750,2500}⇥ 10�18erg s�1cm�2arcsec�1. We also show contours that outline the detection limit (see text) in H↵ (white dotted lines
in both panels), H� (green dashed line in the H↵ panel), and [O III] (yellow dotted line in the [O III] panel). Solid gold contours in the centre of both panels
indicate the morphology of the continuum from the synthesised R-Band. The rectangular field of view (FoV) of the false-colour continuum image of Fig. 1
is demarcated by green dashed line in the H↵ image. The displayed field of view in both panels is 52.400⇥52.200 (14.57 kpc⇥14.51 kpc).

foreground MW absorption3 this corresponds to limiting SLs of159

7.34⇥ 1036erg s�1kpc�2 in H↵ and 1.52⇥ 1037erg s�1kpc�2 in160

[O III]. We also detect extended H� emission at a similar limiting161

SB / SL as [O III], albeit only very fragmentary at larger extends,162

and not as extended as H↵ or [O III]. We delimitate the limiting163

SBs / SLs by contour lines in Fig. 2.164

The NB images reveal multiple bright wisps and spurs emanat-165

3 We use the Cardelli et al. (1989) extinction law and E(B�V )MW = 0.037
from Schlafly & Finkbeiner (2011).

Fig. 3. Enhanced visualisation of filamentary low-SB H↵ emission (see
Sect. 3). In the higher-SB region (SBH↵ > 2⇥10�18 ergs�1s�2arcsec�2)
we inset the H↵ NB from Fig. 2. Elliptical arcs are drawn with magenta
dotted lines to indicate the seven prominent kpc-scale filaments. The dis-
played FoV is identical to the panels shown in Fig. 2.

ing from the star-forming complexes. Especially, the X-shaped 166

structure centred on the FEN region appears noteworthy. Such 167

Fig. 4. Vertical line-ratio profiles, [O III]/H↵ (top) and H�/H↵ (bottom),
measured in 100 wide slits parallel to the major axis, with dmaj being
the distance of the slit centre to the major axis. Filled black circles in-
dicate the galactic foreground extinction corrected ratios within 100 wide
bins. Grey crosses indicate the number of spaxels contributing to each
vertical bin (labelled on the right ordinate). The horizontal dashed (dot-
ted) green, orange, and red line in the bottom panel show the theoretical
case-A (case-B) recombination H�/H↵ ratios for T = {1,2,3}⇥ 104 K, re-
spectively (Storey & Hummer 1995). Thick cyan lines indicate the low-SB
region where SBH↵ < 2⇥ 10�18 ergs�1s�2arcsec�2 (cf. Fig. 3) and the
thick red lines in the top panel marks the region of the ionisation cone
identified in M24.

銀河本体

銀河周辺の暖かい電離ガス 
(超新星爆発のアウトフロー)

電波21cm線による冷たい中性水素ガス 
の観測が完了! 分布と運動?  
ガスの総量? 電離構造のメカニズム? 


