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NANTEN 2nd survey of GMCs in the LMC  

(Fukui et al. 2008)

CO & HI

ω Contours: CO J=1-0

ω 270 GMCs

ω XLMC ~ 9 1020 cm-2 / [K km s-1]  ~ 3 
XG is used (Mizuno et al. 2001))

(X= N(H2)/ ICO= M/LCO)

Mass : 6 104ς6 106 Mo
Size (radius) :              30 - 150 pc
Line width (FWHM) :  3 ς17 km s-1
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Separation of L - & D-components

Fuku et  al. 2017, soon appear in astroph
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e.g., 

Murai & Fujimoto 80

Fujimoto & Murai 84

Fujimoto & Noguchi 90
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Figure2 Distributionsof theLMCôsgasparticlesprojectedontothex-z planeatdifferentepochs.For convenience,thecenterof eachframe

is setto becoincidentwith thecenterof theLMC. Eachframemeasures45kpc andthenumbershows in theupperleft cornerof eachframe

representsthetimeT in unitsof Gyr. Thegaseousevolutionfrom 0.82Gyr ago(T = 0̮.82) to thepresent (T = 0) isshown in thesefour frames.

For clarity, gasparticlesof theSMCarenotshown andthecenterof theSMCis shown by abig dot.Totalnumberof gasparticlesdramatically

decreasesowing to gasconsumption by star formation astimepassesby. Most gas in thecentral 3kpc of theLMCôsdisk isconverted into new

starsto form a stellarbar.

passageof theSMC (T = 0̮.14Gyr) sothatasymmetric

gaseousarmswith high-densitiescanbedevelopedin the

disk.A smallfractionof theLMCôsgascanbestrippedand

dispersedinto theregion betweentheLMC andtheSMC

(i.e. inter-Cloud region) during tidal interactionto form

diffusegaseouscomponentsin theinter-Cloudregion.An

elongatedgasdiskwith anumberof asymmetric,peculiar

spiralarmsisýnallyformedwithout thestellardiskbeing

severelydisturbed(T = 0Gyr).

Figure3 showsthe2D distributionsofÕB of theLMC

projectedontothex-z planeatT = 0Gyr for thestandard

model and the SMC-lessone.Although the tidal inter-

action betweenthe LMC and the Galaxy can form an

elliptical stellardisk,nooff-centerbarcanbeformedin the

SMC-lessmodel.Thestandardmodel,on theotherhand,

shows a clear asymmetricdistribution in the outer disk

with respectto thecentralbarand,accordingly, thecentral

barappearstobelargelyshiftedfromthecenterof thedisk.

The resultsof thesetwo modelsclearly demonstratethat

theMagellanicinteractioncanberesponsiblefor thefor-

mationof theapparentlyoff-centerbarembeddedwithin

theLMCôselliptic stellardisk.Theresultof theSMC-less

model is quantitatively consistentwith previous models

without SMC evolution (e.g.BC05).

It shouldbestressedthatthesimulatedasymmetric2D

distributionsaredueto dynamicalinteractionbetweenthe

LMC andtheSMC (andtheGalaxy):they arenot dueto

thecollision betweenthetwo gasdisks.Thecontribution

of old starsis 90% in massand 26% in light owing to

theadoptedM/ L = 4.0 for old stars.This meansthat the

derived asymmetric2D distributions are due largely to

youngstarsformedin theasymmetricgas.

As Figure4 reveals,showing the2D distributionof the

surfacegasdensity(Õg) of thestandardmodel,theMagel-

lanic interactionresultsin theformationof asigniýcantly

asymmetricgasdistribution with highergasdensitiesin

the left sideof the stellarbar. Two gaseousarmsappear

to emergefrom above theleft endof thebarwith theone

extending to the direction of (X , Z)̵( 7̮, 0) kpc and

theotherextendingto thedirectionof (X , Z)̵( 2̮, 7̮)

kpc.Thelattergaseousarmisfurthermoreconnectedtothe

Magellanicgaseousbridgein theinter-Magellanicregion.

Bekki & Chiba 07

LMC

SMC

~ 0.2 Gyr close encounter

Tidal force agitates HI 
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Figure
3

The2D
distrib
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cebrig
htness(Õ

B
) of theLMC

at T
= 0 Gyr projectedo
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thex-z

plane(sim
ila

r to
the

face-onv
iew

of theLMC) for theSMC-le
ssm

odel(le
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andthestandardm
odelw

ith
theSMC(rig

ht).
Here

coordinatet
ransform
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nis

made

sothatth
eresults

canbemore
readily

comparedw
ith

theobserva
tio

ns.Thecenterof thebaris
setto
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thecenterof thefra
me

for eachm
odel.T

he2D
mapconsistso

f 2500cells
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thecell s
izeof 0.3kpcandÕ
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ell.
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orderto

deriv
esmoothedÕB

ý
e
l
d
s
.
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%
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Figure
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The 2D
distrib

utio
n of the surfa

cegasdensity
(Õg

) of

theLMC
atT

= 0 Gyr projectedo
nto
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planefor thestandard

model.T
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<
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Previous Study: Tidal interaction between the LMC & SMC

observationsimage HI, contourCO simulation gas density

8

Bekki, Chiba 2007



9



Interstellar Medium ISM

Å Molecular clouds: dense neutral gas H2 (2.6mm CO)

- density 10^3 cm-3 or higher, Tk=10-20K

Å Atomic clouds: dense atomic gas HI (21cm HI)

- density 1-100 cm-3, Ts=20-100K

Gamma-rays produced by 

1) Hadronicscenario:  

- cosmic ray CR proton - ISM proton reaction, 

neutral pionsdecay into gamma rays

2) Leptonicscenario

- CR electrons, Inverse Compton (IC) process,  CMB etc.

Gamma-rays (0.1GeV-100TeV) observed by HESS, MAGIC, VERITAS, Fermi, 
AGILE and CTA[2016-]

Interstellar molecular clouds and gamma-rays
The origin of the cosmic rays is SNR?- Yes.
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SNRsemitting gamma-rays

11Courtesy  H. Tajima



Four TeV Gamma-ray SNRs
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Â 4 TeV gamma ray SNRs  age 2000yrs

Â They are interacting with ISM

RX J1713.7ï3946 RX J0852.0ï4622 RCW 86HESS J1731ï347

Aharonian+07 Arribas+12 Aharonian+09

diamter:  ~1 deg. ~2 deg. ~0.5 deg.~0.5 deg.

age:   ~1600 yr ~1700ī4300 yr ~1800 yr~3600ī7200 yr

ISM:  rich CO + cold HI rich HI + little CO rich HI + little COrich CO + HI cavity

X-rays: pure synchrotron pure synchrotron ? thermal + non-thermalpure synchrotron 

Abramowski+11
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RX J1713.7-3946: 12CO(J=1-0) with X -rays

Fukui et al. 2003

-11 km/s < VLSR < -3 km/s

D

A

B

C
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SNR G347.3-0.5 (RXJ1713.7-3946)

- Shell-like structure: similar with X-rays
- No significant variation of spectrum index 
across the regions
- spatial correlation with surrounding molecular gas

Aharonian et al. 2005

16



RX J1713.7-3946

Fukui et al. 2012, ApJ, 746, 82
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