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The Large Magellanic Cloud (LMC)
Distance: ~50 kpc

R136
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RMC 136 (R136)
- Age: ~1.5 Myr
- Mass: ~105 M◉
- The mass of R136 is ten times higher than that of the Milky Way SSC
- 385 O stars, ~30 WR stars (Doran et al.2013)
- The largest HII region in the Local group 
- There are massive stars M >200 M◉ (Crowther et al. 2010)
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Fujimoto & Noguchi 1990 
indicated the possibility of 
formation of massive cluster 
by galactic tidal interaction

• ~ 0.2 Gyr ago the LMC 
and SMC close encounter.

• LMC gas turbulence ＋
Inflow of the SMC gas

↓
The collision of gas 

triggered formation of 
massive cluster

Bekki & Chiba 2007 
supported this scenario. 
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Figure 2 Distributions of the LMC’s gas particles projected onto the x-z plane at different epochs. For convenience, the center of each frame
is set to be coincident with the center of the LMC. Each frame measures 45 kpc and the number shows in the upper left corner of each frame
represents the time T in units of Gyr. The gaseous evolution from 0.82 Gyr ago (T = −0.82) to the present (T = 0) is shown in these four frames.
For clarity, gas particles of the SMC are not shown and the center of the SMC is shown by a big dot. Total number of gas particles dramatically
decreases owing to gas consumption by star formation as time passes by. Most gas in the central 3 kpc of the LMC’s disk is converted into new
stars to form a stellar bar.

passage of the SMC (T = −0.14 Gyr) so that asymmetric
gaseous arms with high-densities can be developed in the
disk.A small fraction of the LMC’s gas can be stripped and
dispersed into the region between the LMC and the SMC
(i.e. inter-Cloud region) during tidal interaction to form
diffuse gaseous components in the inter-Cloud region. An
elongated gas disk with a number of asymmetric, peculiar
spiral arms is finally formed without the stellar disk being
severely disturbed (T = 0 Gyr).

Figure 3 shows the 2D distributions of µB of the LMC
projected onto the x-z plane at T = 0 Gyr for the standard
model and the SMC-less one. Although the tidal inter-
action between the LMC and the Galaxy can form an
elliptical stellar disk, no off-center bar can be formed in the
SMC-less model. The standard model, on the other hand,
shows a clear asymmetric distribution in the outer disk
with respect to the central bar and, accordingly, the central
bar appears to be largely shifted from the center of the disk.
The results of these two models clearly demonstrate that
the Magellanic interaction can be responsible for the for-
mation of the apparently off-center bar embedded within

the LMC’s elliptic stellar disk. The result of the SMC-less
model is quantitatively consistent with previous models
without SMC evolution (e.g. BC05).

It should be stressed that the simulated asymmetric 2D
distributions are due to dynamical interaction between the
LMC and the SMC (and the Galaxy): they are not due to
the collision between the two gas disks. The contribution
of old stars is 90% in mass and ∼26% in light owing to
the adopted M/L = 4.0 for old stars. This means that the
derived asymmetric 2D distributions are due largely to
young stars formed in the asymmetric gas.

As Figure 4 reveals, showing the 2D distribution of the
surface gas density (µg) of the standard model, the Magel-
lanic interaction results in the formation of a significantly
asymmetric gas distribution with higher gas densities in
the left side of the stellar bar. Two gaseous arms appear
to emerge from above the left end of the bar with the one
extending to the direction of (X, Z) ≈ (−7, 0) kpc and
the other extending to the direction of (X, Z) ≈ (−2, −7)
kpc. The latter gaseous arm is furthermore connected to the
Magellanic gaseous bridge in the inter-Magellanic region.

LMC

SMC-0.82 Gyr -0.27 Gyr

-0.14 Gyr 0

Bekki & Chiba 2007
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This model has not been observationally verified 4

Possibility of formation of massive cluster by tidal interaction
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HI : 3×108 M◉

CO : 3×107 M◉
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There are two components with a velocity 
difference of 50 km/s
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(Disk)

L-component
(Low velocity)
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Typical spectrum
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Purpose of the study 5

To observationally verify that gas turbulence, inflow 
and collision due to tidal interaction between the LMC 
and SMC are related to formation of massive clusters.

• Revealing the detailed spatial- and velocity-structures of         
HI gas in the LMC

- Separation of two velocity components
Check the evidence of collision
- The complementary distribution 
- Bridge features in the velocity space

• Investigating gas inflow from the SMC due to tidal interaction
- The metallicity of the SMC is 1/5 that of the LMC

- An amount of metal decreases if the metal poor gas inflow 
from the SMC.
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D-component (-10 to +10 km/s)L-component (-100 to -30 km/s) 

R136
++

- The L-component mainly consists of two extended clumps.
- Consistent with Luks & Rohlfs 1992

Spatial distributions of L- & D 6
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D-component (-10 to +10 km/s)L-component (-100 to -30 km/s) 

R136++
HI Ridge

We focus on the HI Ridge region including 
the young star forming region R136 

Spatial distributions of L- & D 6



contour: L, image: D

Spatial ditributions of L- & D  (kpc pc scale) 7
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Complementary 
distributions of the 
L- & D-components
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Spatial ditributions of L- & D  (kpc pc scale) 7
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contour: L, image: D

Complementary 
distributions of the 
L- & D-components
with displacement 
~ 200 to 300 pc 
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Spatial ditributions of L- & D  (kpc pc scale) 7
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contour: L, image: D
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image: D-component
contour: L-component
■ : CO

Spatial ditributions of L- & D  (100 pc scale) 8
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Complementary 
distribution
toward R136



Velocity structure : HI Ridge 9
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contour: L, image: D



Velocity structure : HI Ridge 9
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contour: L, image: D

Dec.-velocity diagram
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Velocity structure : HI Ridge 9
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contour: L, image: D

In order to understand the 3D structure of the collision, 
we are comparing the HI data with X-ray data.

(Collaborators: J. Knies, M. Sasaki, F. Harberl)

Dec.-velocity diagram
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N44
R136

image: L

Collision of HI gases occurs similarly to the 
case of R136

LMC 

contour: L, image: D
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Comparison of metallicity by using the dust data

About half of the heavy element exists as dust

gas/dust ratio =

optical depth of dust τ353

Slope: flatter
= metal rich

Slope: steeper 
= metal poor

In
te
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ity

 o
f H

Ig
as

 (W
 (H

I))

indicator of    
metallicity

� The amount of dust
• optical depth at 353 GHz (τ353) 

by Planck/IRAS telescope 

� The amount of  gas
• HI integrated intensity (W(HI))

�W (HI) /τ353 (slope of scatter plot) 
indicate gas/dust ratio
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We made a scatter plot between τ353 and W(HI)
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τ353

HI Ridge

N44

Stellar bar

mask: CO > 1σ, Hα > 30R

Stellar bar N44 HI Ridge
Slope [108 K km/s] 0.75 ± 0.24 1.0 ± 0.2 1.5 ± 0.3

Scatter plot between τ353 and W(HI)
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optically depth of dust (τ353)
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Stellar bar  < N44 < HI RidgeSlope: 
Metal poorMetal rich



Inflow of the SMC gas (the origin of HI gas collision)

Collision of HI gas was possibly caused by 
galactic tidal interaction 21

=> Gas inflow from the SMC into the colliding region.
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region dust/gas ratio
(metallicity)

Mass ratio of the 
SMC and LMC

Stellar bar 
(LMC)

1 ----

N44 0.8 3 : 7
HI Ridge 0.5 1 : 1

SMC = 1/5 LMC 0.2 ----
RSMC : ratio of the SMC gas,  RLMC : ratio of the LMC gas
RSMC + RLMC = 1
RSMC�0.2 + RLMC � 1 = 0.8 or 0.5

We compared the dust/gas ratio between the regions based on the 
value of stellar bar  

Not
collision

collision



• Total number of 
O/WR stars ~ 700
(SAGE Meixner et 
al. 2006)

• O –type  star ~ 600 
• WR star ~  100

• We analyzed 20 star 
forming regions

17

× : O-type star
�: WR star

O/WR star formation of the whole LMC

N44



• Total number of 
O/WR stars ~ 700
(SAGE Meixner et 
al. 2006)

• O –type  star ~ 600 
• WR star ~  100

• We analyzed 20 star 
forming regions

• ~ 560 O/WR stars 
are possibly formed 
by the collision of 
HI flows caused by 
tidal interaction 
between the SMC 
and LMC.
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• Total number of 
O/WR stars ~ 700
(SAGE Meixner et 
al. 2006)

• O –type  star ~ 600 
• WR star ~  100

• We analyzed 20 star 
forming regions

• ~ 560 O/WR stars 
are possibly formed 
by the collision of 
HI flows caused by 
tidal interaction 
between the SMC 
and LMC.
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× : O-type star
�: WR star

O/WR star formation of the whole LMC

About 80% of O/WR stars of the LMC were possibly
formed by Tidally-driven colliding HI flows at least.

N44
HI Ridge



�We revealed the spatial- and velocity structures of the 
LMC by using high spatial resolution HI data

ü We reveal the three evidence of the HI gas collision toward the star 
forming regions.

ü The collision of HI gas possibly triggered the 80% of massive star 
formation at least.

�Comparison of the intensity of HI and optical depth of 
dust at 353 GHz

- Gas/dust ratio is indicator of the metallicity
- Metallicity�Stellar bar > N44 > HI Ridge (including R136)
- Metal poor gas inflow from the SMC into the colliding region
- The collision of HI gas was possibly caused by galactic tidal interaction.

Galactic tidal interaction is important for
Massive star formation of the LMC

Summary 14


