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Outline�

n  LMC-SMC \?<D�	@nQBr�2(-  
[Fukui, Tsuge, Sano al. 2017, PASJ, 69, 5] 
 

︎cLMC ymp� HI ��MI  
︎ SMC HI ��z�-��_cfTsuge et al. 2018 in prep.] 

n  M33 ymp�!�2�(-  
[Tachihara, Gratier, Sano et al. 2018 (arXiv: 1802.02310)] 
 

︎cM33-M31 ?<D�	@ 
︎ VLA HI zH\/W&:X  
︎cHI MInQBr��TZ2(-w��`(-

n ����[=ymp� SSC (- 
[Fukui, Tsuge, Sano et al. 2018, in prep.] 
 

︎ overlap b�ymp�2(-  
︎ ALMA y�� CO 3-2 DNC�#w stellar feedback z)a

n |w~
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Tidal Interaction between the LMC and the SMC�

LMC�

SMC�

Putman et al. (1998) 
Image: HI 21 cm�

Magellanic bridge�
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Tidal Interaction between the LMC and the SMC�

LMC�

SMC�

Putman et al. (1998) 
Image: HI 21 cm�

Magellanic bridge�

Superstar Cluster R136  
(stellar mass ~105 Mh)�
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Fukui, Tsuge, Sano et al. (2017), PASJ, 69, 5�

Massive cluster formation triggered by tidal interaction

Low-velocity component (−50 km/s)� Disk component (0 km/s)�

R136�



Fukui, Tsuge, Sano et al. (2017), PASJ, 69, 5�

Massive cluster formation triggered by tidal interaction

Low-velocity component (−50 km/s)� Disk component (0 km/s)�

Image: HI D-component  
Contours: HI L-component�



Tsuge et al. (2018) in preparation�

Case 1: the Small Magellanic Cloud (SMC)

L-component (−100−−30 km/s)� D-component (−30−+30 km/s)�

Images: HI 21 cm�

Preliminary �
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L-component (−100−−30 km/s)� D-component (−20−+20 km/s)�

Images: HI 21 cm�

Tsuge et al. (2018) in preparation�

Case 1: the Small Magellanic Cloud (SMC)

Preliminary �
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Image: Disk component 
Contours: Low-velocity component�
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Case 1: the Small Magellanic Cloud (SMC)

Obtained with ASKAP (Mcclure-Griffith et al. in prep.) �
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Case 2: M33

Spiral galaxy M33  
- Distance ~794 kpc 
- A member of the local group �
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Case 2: M33 (Young massive star cluster NGC 604)

NGC 604�

g 2nd largest HII region in the local group  
g Number of OB stars: ~ 200  
g Stellar mass: ~ 4 × 105 Mh  
                                                   c                   (Eldridge & Relano 11)  
g Age: ~ 3−5 Myr (e.g., Relano & Kennicutt 09)

Spiral galaxy M33  
- Distance ~794 kpc 
- A member of the local group �
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Case 2: M33 (The M31−M33 HI bridge)

430 R. Braun and D. A. Thilker: Local Group H I in the WSRT wide-field survey. II.
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Fig. 7. Position-velocity diagram of the survey region at a central δ ∼ 30◦. The linear grey-scale varies between −50 and 500 mJy/Beam.
Contours are drawn at 1, 2, 5, 10, 20, 50, 100 and 200 times 20 mJy/Beam. M 33 is the bright feature at α = 01:40, while Wright’s Cloud is
near α = 01:15.
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Fig. 8. Position-velocity diagram of the survey region at a cen-
tral α = 01:07:34. The linear grey-scale varies between −50 and
500 mJy/Beam. Contours are drawn at 1, 2, 5, 10, 20, 50, 100 and
200 times 20 mJy/Beam. Wright’s Cloud extends from δ = 26 to 30◦.

4.4. The M 31/M 33 filament

A striking feature of the low column density H I sky is the
apparent bridge connecting the systemic velocities of M 31
and M 33. This feature is characterized by peak column den-
sities (at 48′ resolution) of only log(NHI) ∼ 17.5. We have
been able to confirm this exceptionally faint emission with a
pointed 30 min. observation with the GBT on 14 June 2003
directed at (α, δ) = (01:20:29, +37:33:33). Despite the much
smaller GBT beamsize (of only 9 arcmin) the same low col-
umn, log(NHI) = 17.5, was detected at high significance toward
this apparent peak in our survey data, suggesting a very diffuse
gas distribution.

We have isolated the kinematically continuous features
near M 31 and M 33 in Fig. 9. A handful of faint discrete fea-
tures to the north-east of M 31 are also included in this figure.
These features have velocities consistent with an M 31 popula-
tion (see Fig. 3) but are not kinematically continuous with the
diffuse component. Similar discrete features to the south-west
of M 31 have been excluded because of the greater chance of
confusion with the Magellanic Stream. As noted previously,
the bridge can not be traced as far south as M 33, due to fore-
ground confusion from the Galaxy. For the same reason, the
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Fig. 9. Integrated H I emission from the subset of detected features
apparently associated with M 31 and M 33. The grey-scale varies be-
tween log(NHI) = 17−18, for NHI in units of cm−2. Contours are drawn
at log(NHI) = 17, 17.5, 18, . . . 20.5.

bright disk of M 31 is also partially truncated toward the north-
east, giving it a lop-sided appearance relative to the bridge in
Fig. 9. Foreground confusion does not hamper detection of the
anti-M 33 continuation of the bridge to the north-west of M 31
since the velocity gradient of the bridge is toward more neg-
ative LGSR (and GSR) velocity. The total projected extent of
this filamentary feature is about 20◦, corresponding to 260 kpc.

Filamentary components extending between massive
galaxies are a conspicuous prediction of high resolution numer-
ical models of structure formation (e.g. Davé et al. 1999, 2001).
Such calculations suggest that in the current epoch, cosmic
baryons are almost equally distributed by mass amongst three
components: (1) galactic concentrations, (2) a warm-hot in-
tergalactic medium (WHIM) and (3) a diffuse intergalactic
medium. These three components are each coupled to a de-
creasing range of baryonic over-density: log(ρH/ρH) > 3.5,

70 kpc�

M33�

M31 (Andromeda Galaxy)�

 

g HI bridge between the M31 & M33  
                                            (Braun & Thilker 04)  

g Tidal interaction: ~ 4−8 Gyr ago  
                              cccccccccccccccccccccccccc (Bekki 08)  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Tachihara et al. (2018) in press. (arXiv: 1802.02310)�

Case 2: M33 (HI channel map in NGC 604) ��/���



Case 2: M33 (HI channel map in NGC 604)

Tachihara et al. (2018) in press. (arXiv: 1802.02310)�
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Case 2: M33 (Complementary spatial distribution)
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Image: Red-shifted HI  
Contours: Blue-shifted HI�

 

g Cloud mass
- Red-shifted cloud: ~ 9 × 106 Mh
- Blue-shifted cloud: ~ 6 × 106 Mh  
g Typical V separation ~20 km s−1

g Dynamical time scale  
     200 pc / 20 km s−1 ~ 3 × 107 yr  

Separate the 2 velocity components by fitting 
to the 2-component Gaussian functions

Tachihara et al. (2018) in press. (arXiv:1802.02310)�
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Case 2: M33 (Discussion & Summary)

Stellar	feedback	à	unreasonable�
If the blue- & red-shifted HI clouds are due to 
the expanding motion ~10 km/s, the kinetic 
energy of the clouds are to be ~ 6 × 1051 erg.
 

à ~100 SNe are needed (5% efficiency, Kruijssen+12)
à cluster mass > 106 Mh is needed

	

Massive	cluster	formation	triggered	by	
Tidally	driven	HI	collisions	
�

We propose a gas accretion scenario onto 
the spiral arm of the disk, that triggered active 
star formation of NGC 604. 
 

Dynamical timescale of collision ~3 × 107 yr. 
à eolecular gas formation is feasible if the 
density is high enough (Goldsmith et al.2007)

Image: Optical 
Red contours: Red-shifted HI cloud
Blue contours: Blue-shifted HI cloud
Green image: Molecular cloud�

Tachihara et al. (2018) in press. (arXiv: 1802.02310)�
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Case 3: Antenna galaxies

Antenna galaxies  
- Distance ~22 Mpc (Schweizer et al. 2008)  

- Interaction since a few Myrs ago  
   (e.g., Mihos et al. 1993; Karl et al. 2010, Renaud et al. 2009)

- Many SSCs located at the overlap region�

NGC	4038�

NGC	4039�
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Case 3: Antenna galaxies (ALMA CO)

Whitmore et al. 2014�
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SGMC 1�

SGMC 2�

SGMC 6�

SGMC 4/5�

Case 3: Antenna galaxies (Two velocity components)

Two velocity components 
à Stellar feedback? (e.g., Herrera+2017)�Fukui, Tsuge, Sano et al. in preparation�

500 pc�



SGMC 1�

SGMC 2�

SGMC 6�

SGMC 4/5�

Case 3: Antenna galaxies (Two velocity components)

Two velocity components 
à Stellar feedback? (e.g., Herrera+2017)�Fukui, Tsuge, Sano et al. in preparation�

500 pc�

80 km s−1�

110 km s−1�

90 km s−1�



Case 3: Antenna galaxies (Young SSCs)

D1�

D�
C�

B1�

SGMC 1�

SGMC 2�

SGMC 6�

SGMC 4/5�

500 pc�

Fukui, Tsuge, Sano et al. in preparation�
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Case 3: Antenna galaxies (SGMC 1)

Fukui, Tsuge, Sano et al. in preparation�

Lowdvelocity cloud (image): ~ 5 × 107 Mh
Highdvelocity cloud (contours): ~ 9 × 107 Mh
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Case 3: Antenna galaxies (SGMC 4/5)

Fukui, Tsuge, Sano et al. in preparation�

Lowdvelocity cloud (image): ~ 5 × 107 Mh
Highdvelocity cloud (contours): ~ 3 × 107 Mh
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Case 3: Antenna galaxies (SGMC 2)

Fukui, Tsuge, Sano et al. in preparation�

Lowdvelocity cloud (image): ~ 9 × 107 Mh
Highdvelocity cloud (contours): ~ 4 × 107 Mh
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Case 3: Antenna galaxies (Stellar feedback in SGMC 2)

Fukui, Tsuge, Sano et al. in preparation�

p The total mechanical luminosity from the stellar wind is  
assumed to be ~ 5 × 1053 erg (~4 × 106 Mh, Gilbert & Graham 2007) 
(Westerlund 2: ~ 3.6 × 1051 erg @ ~3 × 104 Mh, Rauw et al. 2007)   

p Kinematic energy of SGMC 2  
 
 

      - Total mass: 1.3 × 108 Mh 
   - ΔV : ~ 68 km s−1  
 

iicà ~ 6 × 1054 erg

In ideal adiabatic wind bubbles 20% of the 
wind luminosity is transferred to the 
expanding gas shell (Weaver et al. 1977).

à The gas motion cannot be explained by the stellar feedback 
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