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ember 28, 2009)ABSTRACTIn this paper we examined the asso
iation of InfraRed Dark Cloud (IRDC) 
ores with YSOs andthe geometri
 properties of the IRDC 
ores. For this study a total of 13,650 IRDC 
ores were 
olle
tedmainly from the 
atalogs of the IRDC 
ores published from other studies and partially from our 
atalogof IRDC 
ores 
ontaining new 789 IRDC 
ore 
andidates. The YSO 
andidates were sear
hed for usingthe GLIMPSE, MSX, and IRAS point sour
es by the shape of their SED or using a
tivity of wateror methanol maser. The asso
iation of the IRDC 
ores with these YSOs was 
he
ked by their line-of-sight 
oin
iden
e within the dimension of the IRDC 
ore. This work found that a total of 4,110IRDC 
ores have YSO 
andidates while 9,540 IRDC 
ores have no indi
ation of the existen
e of YSOs.Considering the 12,200 IRDC 
ores within the GLIMPSE survey region for whi
h the YSO 
andidateswere determined with better sensitivity, we found that 4,098 IRDC 
ores (34%) have at least one YSO
andidate and 1,072 
ores among them seem to have embedded YSOs, while the rest 8,102 (66%) have noYSO 
andidate. Therefore, the ratio of [N(IRDC 
ore with protostars)℄/[N(IRDC 
ore without YSO)℄for 12,200 IRDC 
ores is about 0.13. Taking into a

ount this ratio and typi
al lifetime of high-massembedded YSOs, we suggest that the IRDC 
ores would spend about 104 � 105 years to form high-massstars. However, we should note that the GLIMPSE point sour
es have a minimum dete
table luminosityof about 1.2 L� at a typi
al IRDC 
ore's distan
e of �4 kp
. Therefore, the ratio given here shouldbe a lower limit and the estimated lifetime of starless IRDC 
ores 
an be an upper limit. The physi
alparameters of the IRDC 
ores somewhat vary depending on how many YSO 
andidates the IRDC 
ores
ontain. The IRDC 
ores with more YSOs tend to be larger, more elongated, and have better darkness
ontrast than the IRDC 
ores with fewer or no YSOs.Key words : 
atalogs | dust, extin
tion | galaxy: general | infrared: ISM | ISM: 
louds | ISM:stru
tureI. INTRODUCTIONHow do massive stars form? Do they form in a sim-ilar way to how low-mass stars do? This is a questionthat many astronomers would like to frequently ask,but 
an hardly answer for. One of suggested s
enar-ios in the early stage of high-mass star formation (e.g.,Beuther et al. 2007) is that some of low/intermediate-mass protostars form in High-Mass Starless Cores (HM-SCs) through an a

retion pro
ess suggested by thestandard theory of low-mass star formation (e.g., Shu etal. 1987) and be
ome massive (>8 M�) either throughmassive a

retion (10�4 � 10�3 M�yr�1) (e.g., Nor-Corresponding Author : G. KIM

berg & Maeder 2000) or through 
oales
en
e pro
ess(e.g., Bally & Zinne
ker 2005). Then High-Mass Coresharboring Low/Intermediate protostars turn to be Pro-tostellar Obje
ts (HMPOs). When the pro
esses ob-taining matter stop, the HMPOs are expe
ted to �nallybe
ome high-mass stars. In this s
enario, however, itis mostly unknown how the HMSCs form and how thea

reting low/intermediate-mass stars really grow tohigh-mass stars, partly be
ause there are relatively lessstudies on the HMSCs and the High-Mass Cores withprotostars 
ompared with low mass 
ores.Last de
ade, however, has seen a signi�
ant improve-ment on the studies of high-mass star forming regionsdue to the surveys made with the Infrared Spa
e Ob-servatory (ISO; Perault et al. 1996; Hennebelle et al.{ 9 {
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ourse Spa
e eXperiment (MSX; Pri
e1995; Egan et al. 1998), and the Spitzer Spa
e Tele-s
ope (SST; Benjamin et al. 2003) whi
h dis
overeda number of the InfraRed Dark Clouds (IRDCs) seenin absorption against the bright, di�use mid-infraredGala
ti
 ba
kground.The SST, espe
ially, provided new eyes to enable topenetrate the IRDCs of a few hundreds Av to see newlyborn stars there. The IRDCs have large dust 
olumndensities resulting in high extin
tion and thus they donot exhibit dete
table emission at 8-25 �m (Carey etal. 1998). While nearby dark dense mole
ular 
oresare often the site of the low-mass star formation, theIRDCs are believed to be the natal sites of mostlymassive stars. Their overall features are known fromre
ent studies of dust 
ontinuum and mole
ular lineemission at (sub)mm wavelengths: They are usuallydistant (1�8 kp
), large (�1-3 p
), dense (102 � 104
m�3), and massive (102 -104 M�) (e.g., Rathborne etal. 2006; Simon et al. 2006b).In most 
ase the IRDCs have substru
tures showinglo
ally mid-IR extin
tion peak due to their higher 
ol-umn density 
ompared with other region of the IRDC,whi
h are 
alled as IRDC 
ores. These IRDC 
oreshave typi
al sizes of 0.02�0.8 p
, masses of 10�103M�, and densities of 103 � 107 
m�3 (Rathborne etal. 2006). Some IRDC 
ores without an embeddedsour
e have lower temperature (TNH3 �16 K), narrowline-width (�VNH3 �1.6 km/s), la
k of strong 
omplexmole
ule emission, and lower dete
tion rate (�12%) ofwater masers, representing a less a
tive environmentthan HMPOs and Ultra
ompa
t H II regions (Srid-haran et al. 2002, 2005; Wang et al. 2006; Chur
h-well et al. 1990). On the other hand other IRDC
ores with embedded sour
es have warmer temperature(�25 K), sho
ked gas (e.g. H2 or SiO), broad line-width(�VHCN(4�3) �10 km/s), ri
h 
omplex mole
u-lar spe
trum (e.g. CH3CH2CN), and more noti
eablemethanol/water maser a
tivities (Redman et al. 2003;Ormel et al. 2005; Rathborne et al. 2005, 2007, 2008;Pillai et al. 2006; Ragan et al. 2006; Wang et al. 2006).These properties remind us that the IRDC 
oreswithout any embedded sour
e are analogous to low-mass starless 
ores, while the IRDC 
ores with em-bedded sour
es mimi
 the properties of star-
ontaininglow-mass 
ores. The 
hara
teristi
s of IRDCs are sim-ilar to those of HMSCs or High-Mass Cores with pro-tostars on the 
ore s
ale (sub-parse
 s
ale), or thoseof Massive Starless Clumps or Proto
luster on the
lump/
luster s
ale (a few parse
 s
ale) (Rathborne etal. 2006; Beuther et al. 2007). The HMSCs are be-lieved to preserve the initial 
onditions (e.g., 
ore massfun
tion) for high-mass star formation until they turnto be the High-Mass Cores 
ontaining protostars whi
hmostly lose their initial information by the strong radi-ation and stellar wind of embedded massive protostars.Hen
e, it is 
lear that the IRDC 
ores are of prime im-portan
e to study the early pro
esses of high-mass star

formation.Constru
ting a fully possible set of IRDC 
ores andexamining an asso
iation of the IRDC 
ores with YSOsshould be an important �rst step for a systemati
 studyof their role in high-mass star formation. For this pur-pose we 
olle
t all possible IRDC 
ores from previouslypublished 
atalogs in
luding our subset of IRDCs thatwe found in this study and examine asso
iation of thosewith any possible embedded YSOs �.Re
ent Gala
ti
 Lega
y Infrared Mid-Plane Survey(GLIMPSE) made with SST was sensitive enough todete
t about 70 million point sour
es along the line ofsight of Gala
ti
 regions having the IRDC 
ores. Com-bining 
atalogs of the IRDC 
ores and GLIMPSE pointsour
es, it seems now possible to make a systemi
 studyof the asso
iation of the IRDC 
ores with YSOs whi
hwill be a basis of further study on the early pro
ess inhigh-mass star formation.In this paper we 
olle
t most of the IRDC 
ores stud-ied previously by other resear
hers with a subset ofour new IRDC 
ores whi
h are missed in other 
ata-logs to examine in all these IRDC 
ores the existen
eof YSO 
andidates su
h as the GLIMPSE, MSX, andIRAS point sour
es, and water and methanol masers.In xII we des
ribe how we 
olle
t the IRDC 
oresknown and how we identify new IRDC 
ores. In xIII weexamine the asso
iation of the IRDC 
ores with YSOsand then in xIV we dis
uss various statisti
s of geo-metri
 properties of the IRDC 
ores with and withoutYSOs. We summarize our results in xV.II. COLLECTIONOF THE INFRAREDDARKCLOUD CORES(a) The IRDC Cores from LiteraturesOne of the most 
omprehensive 
olle
tion of theIRDC 
ores is a 
atalog by Simon et al. (2006a, here-after SJRC), 
onsisting of 12,744 IRDC 
ores. Beforethe SJRC 
atalog was published, there have been alsomany other studies on the IRDCs and their 
ores using(sub)mm mole
ular line and 
ontinuum observations(e.g., Carey et al. 1998, 2000; Teyssier et al. 2002;Fiege et al. 2004; Garay et al. 2004; Ormel et al.2005; Beuther et al. 2005; Pillai et al. 2006). Sridha-ran et al. (2005) observed over 50 IRDC 
ores in 1.2mm 
ontinuum and NH3 mole
ular line, �nding thatmost of them were high-mass starless 
ores. Re
ently,Rathborne et al. (2006) and Ragan et al. (2006) sig-ni�
antly in
reased the number of IRDC 
ores studiedto over 150. From all the studies in (sub)mm mole
u-lar lines or 
ontinuum, we 
olle
t a sample of 87 IRDC
ores whi
h are not listed in the SJRC 
atalog.�A vast 
atalog of Spitzer Dark Clouds was re
ently released(Peretto & Fuller 2009) after this work was being 
ompleted.Although it lists more dark 
louds than we 
olle
ted, our 
ol-le
tion of IRDCs have twi
e wider 
overage of the galaxy thanSST GLIMPSE survey area and will be a reasonable sample todis
uss any statisti
s related with IRDCs.



STARLESS OR STARRED IRDC CORES 11Table 1Statisti
s of the asso
iation of IRDC 
ores with YSO 
andidates# of YSOs # of IRDC 
ores # of IRDC 
ores/YSO 
andidates (All Sample) (GLIMPSE sample)more than 2 YSOs 2,108 2,1041 YSO 2,002 1,994None 9,540 8,102GLIMPSE Point Sour
e 4,036 4,028IRAS Point Sour
e 172 168MSX Point Sour
e 69 68H2O maser 8 8Methanol maser 33 33EYSO 1,077 1,072PMS 3,601 3,593

Fig. 1.| An example of how to sele
t our new IRDC 
ore 
andidates. The image of an IRDC 
ore 
andidate(MSXIRDC18.89-0.48) on the left is an 8.28 �m image of 500�500, the 
ontrast of whi
h is enhan
ed with the fun
tionof histogram equalization. The other image on the right is a blow-up of the green box in 
entral region of the left panel.The FWHMin brightness and the ba
kground brightness levels are 1:2� 10�5 and 1:6� 10�5 Wm�2sr�1, respe
tively. Anellipse overlays on the FWHMin 
ontour.(b) Newly Sele
ted IRDC Core CandidatesThe IRDC 
ores in the SJRC 
atalog have been se-le
ted using an automati
 algorithm �nding extin
tionregions (the IRDC 
ores) of high 
ontrast with respe
t to the model ba
kground in the MSX 8.28 mi
ron im-ages. However, even though the SJRC 
atalog was ableto in
lude most of the IRDC 
ores seen in the Gala
-ti
 plane, their algorithm resulted in missing 
ompa
tdark sour
es having poor 
ontrast or small regions sur-



12 G. KIM ET AL.rounded by the very bright mid-infrared emission of theba
kground (Simon et al. 2006). Here we present ouradditional e�orts to add more IRDC 
ores whi
h weremissed in the SJRC 
atalog, by making the 
ontrastenhan
ement of images with the fun
tion of histogramequalizationy on the IDL programz. Our IDL s
riptsusing this te
hnique enable to load MSX 8.28 �m im-ages and enhan
e the darkness 
ontrast of the IRDC
ore 
andidates embedded in the bright Gala
ti
 ba
k-ground to identify them by eye inspe
tion. We sear
hedfor all MSX A band images for the entire Gala
ti
 plane(jlj <180Æ, jbj <5Æ) whi
h are retrievable in �ts formatup to size of 6Æ�6Æ from the NASA/IPAC InfraRedS
ien
e A
hieve (IRSA)x. A typi
al sear
hing size ofimages was 50 ar
 min � 50 ar
 min (Figure 1). First,a dark region in the bright ba
kground is sear
hed forby eyes. Then its area is 
hosen by 
li
king two diag-onal 
orners with a mouse button and the 
ontrast ofthe regions is enhan
ed with the fun
tion of histogramequalization in IDL s
ripts. On
e a dark region is se-le
ted as an IRDC 
ore 
andidate sample (Figure 1),some geometri
al properties of the IRDC 
ores are mea-sured. The shapes of the identi�ed IRDC 
ores areyHistogram equalization is the te
hnique by whi
h the dynami
range of the histogram of an image is adjusted. Histogram equal-ization assigns the intensity values of pixels in the input im-age su
h that the output image 
ontains a uniform distribu-tion of intensities. It improves 
ontrast and the goal of his-togram equalization is to obtain a uniform histogram. See:http://www.
odersour
e.net/
sharp histogram equalization.aspxzIDL is a kind of 
ommer
ial produ
ts of ITT Visual Infor-mation Solutions and is a software for data analysis, datavisualization, and software appli
ation development. Seehttp://www.ittvis.
om/xThe IRSA is web-based and ma
hine-friendly tools foreÆ
ient a

ess to 
alibrated s
ien
e data sets obtainedfrom infrared and submillimeter missions of NASA. Seehttp://irsa.ipa
.
alte
h.edu/

Fig. 2.| A pro�le-
ut obtained by 
rossing the minimumbrightness intensity(IM) of MSXIRDC18.89-0.48. This isuseful to estimate the ba
kground brightness intensity (IB)of the IRDC whi
h in turn enables us to determine the FullWidth at Half Minimum (FWHMin) 
ontour of the IRDC.

des
ribed by the Full Width at Half Minimum (FWH-Min) 
ontours of their intensities. The FWHMin 
on-tour level of ea
h region is determined from the ba
k-ground brightness level and the minimum brightnesslevel. Pro�le-
uts passing through the minimum inten-sity position were useful in this pro
ess, to spe
ify theba
kground brightness level (See Figure 2). We deter-mined the ba
kground brightness level of ea
h IRDC
ore by averaging the brightness over a small 
ir
ularregion at roughly 
onstant ba
kground brightness nearthe part of boundary of IRDC 
ores. Typi
ally the di-ameter of these regions was 500. The sele
tion of theba
kground regions in this way is somewhat arbitrary.We 
hose seven positions for three IRDC 
ores as theba
kground 
andidates to estimate the intensity levelsof the sele
ted regions and examine their possible vari-ation. We found a typi
al deviation of about 10% inthe ba
kground intensity value that we adopt. The de-termination of the ba
kground brightness level of theIRDC 
ore enables to spe
ify the level of the FWHMin
ontour and also the Darkness Contrast (DC) de�nedas (IB�IM)IB where IM is the minimum intensity and IB isba
kground intensity of the IRDC 
ore (Lee & Myers1991). We sele
ted only the 
andidates whose FWH-Min of the intensities 
an make a 
losed 
ontour so thatan ellipse �tting of the 
ontour 
an be possible. By �t-ting the FWHMin 
ontour of ea
h IRDC 
ore with anellipse, we assigned the 
oordinates of the IRDC 
ore
andidates as the 
entral position of the ellipse andderived the geometri
al parameters of the IRDC 
ore,su
h as the angular sizes of the major and minor axes(a and b), Position Angles (PA), and Equivalent Diam-eter (ED). The latter is de�ned as 2�qA� , where A isthe area within the FWHMin 
ontour of the IRDC.From this work, a total of 789 IRDC 
ore 
andidateswere identi�ed {. Most of them (79%) have typi
al an-gular sizes between 00.4 and 10.3 with a mean (�s.e.m.:standard error of the mean) of 00.88�00.02 and havetypi
al aspe
t ratios between 1 and 2.2 with a mean(�s.e.m.) of 1.82�0.02. Whether these IRDC 
ore
andidates are real 
louds 
an be tested with mole
-ular line observations made toward them. We used13CO(1-0) BU-FCRAO Gala
ti
 Ring Survey (GRS)on the Gala
ti
 plane of 18Æ<l<55Æ and jbj <1Æ ob-tained by Ja
kson et al. (2006) for this purpose andsele
ted 17 IRDC 
ore 
andidates in the GRS regionwhose angular size is larger than 20 (Note that angularresolution of the GRS survey is 4600). We found thatthe extin
tion shapes of 11 among the tested sampleswell 
oin
ide with the shape of 13CO 
ontour map (Fig-ure 3), implying that a good fra
tion (about 65%) ofthe IRDC 
ore 
andidates sele
ted in this study 
an bereal 
louds.{About half of these targets are found to be also listed in thenew 
atalog of Spitzer Dark Clouds by Peretto & Fuller 2009,meaning that the other half of the IRDC 
ores that we found arenew.



STARLESS OR STARRED IRDC CORES 13

Fig. 3.| Comparison of the extin
ted image of an IRDC 
ore with 13CO(1-0) mole
ular line emissions. The 13CO(1-0)pro�le on the left panel is from the BU-FCRAO Gala
ti
 Ring Survey by Ja
kson et al. (2006). The right panel 
omparesthe extin
ted image of the IRDC with the CO emission, indi
ating that the distribution of the CO emission at � 34 km s�1
oin
ides with the shape of the IRDC 
ore. The white 
ir
le at the left edge of the right panel indi
ates the beam size (4600)of the teles
ope for 13CO(1-0) observation .

Fig. 4.| A histogram of the slope (�) of the Spe
-tral Energy Distribution from the GLIMPSE point sour
es.They were 
lassi�ed as Class I (� �0.3), Flat spe
trum (-0.3� � <0.3), and Class II (-1.6� � <-0.3) following Greeneet al. (1994). 198,045 point sour
es may be EYSOs (ClassI obje
ts) or PMSs (Flat spe
trum obje
ts or Class II ob-je
ts). Fig. 5.| A number distribution of 13,650 IRDC 
ores a
-
ording to the number of YSO 
andidates. The IRDC 
oreswithout YSO 
andidate o

upy about 70% of this samplewhile the IRDC 
ores with YSO 
andidates are about 30%.It is interesting to note that about 49% of the IRDC 
oreswith YSO 
andidates have a single YSO 
andidates whileothers (�51%) have multiple YSOs.



14 G. KIM ET AL.Table 2Newly sele
ted 789 IRDC 
ores.Num. Sour
e R.A. De
. a b ED PA DC YSOa(2000) (2000) (0) (0) (0) (Æ)(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)1 MSXIRDC0.02+0.08 17 45 21.7 -28 52 45.9 0.92 0.58 07.11 071 0.18 � � �2 MSXIRDC0.05-0.19 17 46 29.6 -28 59 20.6 1.82 0.82 10.43 354 0.19 SI(2);II(17)3 MSXIRDC0.10-0.08 17 46 09.8 -28 53 23.7 1.10 0.95 10.09 332 0.35 SII(3), IE(1)4 MSXIRDC0.15-0.09 17 46 19.6 -28 51 15.4 1.35 0.85 10.49 034 0.26 SII(5)5 MSXIRDC0.17-0.10 17 46 25.8 -28 50 36.8 1.16 0.64 09.19 085 0.24 � � �6 MSXIRDC0.32-0.13 17 46 53.4 -28 43 47.6 0.53 0.50 06.05 091 0.39 SII(1)7 MSXIRDC0.34+0.10 17 46 01.8 -28 35 53.5 1.01 0.63 07.74 343 0.27 SF (1);II(3)8 MSXIRDC0.38-0.69 17 49 13.5 -28 58 12.0 0.84 0.73 07.33 125 0.24 � � �9 MSXIRDC0.39-0.83 17 49 48.1 -29 01 59.7 0.90 0.45 06.08 326 0.22 � � �10 MSXIRDC0.40-0.15 17 47 08.7 -28 40 08.4 0.77 0.75 07.04 094 0.33 SII(1)11 MSXIRDC0.42-0.17 17 47 16.3 -28 39 53.8 1.03 0.57 07.51 031 0.30 SI(1);II(3)12 MSXIRDC0.42-0.26 17 47 36.1 -28 42 48.1 0.64 0.59 06.06 050 0.24 SII(3)13 MSXIRDC0.46-0.66 17 49 17.2 -28 53 03.3 1.98 1.02 13.94 332 0.43 SF (1)14 MSXIRDC0.48-0.69 17 49 27.4 -28 53 09.0 0.58 0.36 04.47 328 0.22 SI(2)15 MSXIRDC0.53-0.59 17 49 11.0 -28 47 38.1 1.11 0.66 08.13 012 0.24 SII(2)16 MSXIRDC0.55-0.66 17 49 30.1 -28 48 39.8 1.21 0.48 07.37 000 0.25 SII(1)17 MSXIRDC0.58-0.53 17 49 04.0 -28 43 09.9 1.63 1.12 12.10 113 0.29 SI(1);II(4), MF (1)18 MSXIRDC0.59-0.58 17 49 17.6 -28 44 00.6 1.29 0.69 09.36 357 0.25 � � �This is a 
ut-in data771 MSXIRDC359.33-0.09 17 44 21.8 -29 33 22.4 0.72 0.48 05.74 111 0.23 SII(2)772 MSXIRDC359.36-0.13 17 44 35.0 -29 32 57.1 1.49 0.75 10.35 030 0.40 SI(1);II(8)773 MSXIRDC359.39-0.11 17 44 33.9 -29 30 49.2 0.57 0.40 04.75 017 0.18 SII(1)774 MSXIRDC359.40-0.59 17 46 30.8 -29 45 22.6 1.75 1.34 12.72 057 0.26 SII(1)775 MSXIRDC359.41-0.20 17 45 00.7 -29 32 37.0 0.66 0.41 05.08 338 0.17 � � �776 MSXIRDC359.46-0.05 17 44 31.4 -29 25 33.9 1.65 0.45 07.89 347 0.21 SF (1);II(3)777 MSXIRDC359.46-0.11 17 44 46.1 -29 27 36.4 0.67 0.40 05.05 016 0.31 SII(2)778 MSXIRDC359.53+0.05 17 44 18.2 -29 19 00.8 1.29 0.73 08.93 351 0.18 SF (1);II(3)779 MSXIRDC359.55+0.03 17 44 24.6 -29 18 23.0 1.29 0.50 07.48 106 0.14 SII(1)780 MSXIRDC359.55+0.00 17 44 33.0 -29 18 55.6 2.37 0.54 11.16 351 0.26 SF (1);II(16)781 MSXIRDC359.56-0.21 17 45 22.7 -29 24 57.8 1.50 1.24 12.24 043 0.23 SII(3)782 MSXIRDC359.67+0.03 17 44 41.4 -29 12 14.2 2.42 0.34 08.33 020 0.10 SI(1);II(5)783 MSXIRDC359.73+0.04 17 44 49.4 -29 08 51.8 2.44 0.62 11.75 017 0.19 SF (1);II(9)784 MSXIRDC359.75+0.07 17 44 43.7 -29 06 44.4 0.88 0.70 06.77 076 0.25 SII(2)785 MSXIRDC359.80+0.05 17 44 56.9 -29 04 51.5 0.79 0.23 03.88 358 0.06 � � �786 MSXIRDC359.81+0.04 17 45 00.6 -29 04 27.8 0.75 0.52 05.92 039 0.14 � � �787 MSXIRDC359.91+0.11 17 44 57.9 -28 57 24.3 0.81 0.29 04.47 090 0.10 � � �788 MSXIRDC359.94+0.11 17 45 03.0 -28 55 45.3 1.07 0.76 08.56 082 0.22 SF (2);II(12)789 MSXIRDC0.00+0.11 17 45 11.7 -28 52 41.8 1.31 0.81 09.98 024 0.32 SII(5)Note.|The full version of this table is available in ele
troni
 form. This 
atalog 
ontains789 IRDC 
ores newly sele
ted from this study. In the table sequential numbers of the IRDC 
oresare given in 
olumn 1, the sour
e name in 
olumn 2, the 
oordinates of the IRDC 
ores in 
olumn 3and 4 as the R.A. and De
. [J2000℄, the diameter of the major and minor axes of the IRDC 
ores in
olumn 5 and 6, the Equivalent Diameter (ED) of the IRDC 
ores in 
olumn 7, the Position Angle(PA) in 
olumn 8, the Darkness Contrast (DC) of the IRDC 
ores in 
olumn 9, and possible YSOsasso
iation in 
olumn 10.aH(#): water maser, Me(#): Methanol maser, IE(#): IRAS point sour
e (EYSO), IP (#): IRASpoint sour
e (PMS), MI(#): MSX point sour
e (
lass I), MF (#): MSX point sour
e 
lass (Flat SEDsour
e), MII(#): MSX point sour
e (
lass II), SI(#): SST GLIMPSE point sour
e (
lass I), SF (#):SST GLIMPSE point sour
e 
lass (Flat SED sour
e), and SII(#): SST GLIMPSE point sour
e (
lassII), where the number in () indi
ates the number of YSO 
andidates.
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Table 387 IRDC 
ores sele
ted from literatures.Num. Sour
e R.A. De
. a b ED PA DC YSOa Referen
eb(2000) (2000) (0) (0) (0) (Æ)(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)1 G79.34+0.33 20 32 27.0 +40 21 06.5 4.23 4.01 38.29 088 0.70 IE(1), MI(1);F (1) (1)2 DF+25.90-0.17 18 39 09.4 -06 20 07.3 0.79 0.43 05.64 108 0.19 � � � (2)3 DF+30.31-0.28 18 47 38.7 -02 27 57.6 0.93 0.58 07.34 004 0.25 SF (2) (2)4 DF+30.36+0.11 18 46 20.5 -02 14 06.8 0.67 0.20 03.47 039 0.10 � � � (2)5 DF+36.95+0.22 18 57 59.1 +03 41 46.6 4.45 4.27 29.45 109 0.29 SI(1) (2)6 DF+51.47+0.00(B) 19 26 12.1 +16 25 49.0 2.29 1.81 14.39 091 0.38 SF (1);II(5) (2)7 G305.136+0.068 13 10 40.7 -62 43 12.6 0.64 0.42 05.19 060 0.36 SI(1) (3)8 G333.125-0.562 16 21 34.5 -50 40 59.7 0.44 0.30 02.95 107 0.05 H(1) (3)9 18090-1832-2 18 12 00.9 -18 31 19.9 0.48 0.13 02.00 069 0.06 � � � (4)10 18151-1208-2 18 17 50.2 -12 07 54.1 0.58 0.43 04.84 011 0.16 SI(2);II(2) (4)11 18247-1147-3 18 27 33.8 -11 44 23.2 1.30 0.36 06.09 038 0.13 � � � (4)12 18308-0841-2 18 33 34.3 -08 38 38.7 0.40 0.29 03.33 324 0.15 � � � (4)13 18308-0841-3 18 33 29.2 -08 38 14.7 0.58 0.27 03.97 074 0.16 � � � (4)14 18308-0841-5 18 33 34.4 -08 37 37.5 0.36 0.14 02.01 342 0.04 � � � (4)15 18348-0616-2
 18 37 27.9 -06 14 08.4 0.45 0.33 03.79 029 0.24 � � � (4)16 18385-0512-3 18 41 17.3 -05 10 04.3 0.68 0.53 05.95 009 0.38 � � � (4)17 18431-0312-3 18 45 45.1 -03 08 41.0 0.56 0.24 03.25 110 0.12 � � � (4)18 18431-0312-4 18 45 53.3 -03 08 48.8 1.08 0.75 08.64 346 0.12 � � � (4)This is a 
ut-in data71 G33.36-0.01 18 52 14.4 +00 22 36.1 1.95 0.97 12.32 355 0.29 SI(1);II(4) (6)72 G33.42+0.13 18 51 52.9 +00 29 33.0 0.57 0.31 04.15 004 0.29 � � � (6)73 G34.26+0.19 18 53 12.7 +01 15 53.2 1.67 0.58 10.06 079 0.27 SI(1);II(4) (6)74 G34.74+0.01 18 54 44.2 +01 36 58.5 0.87 0.54 06.36 028 0.27 � � � (6)75 G35.04-0.47 18 56 58.8 +01 39 50.5 0.59 0.44 05.39 326 0.29 SF (1);II(2) (6)76 G34.63-1.03 18 58 18.8 +01 01 04.5 3.02 1.79 12.39 086 0.59 SF (1) (6)77 G35.02-1.50 19 00 34.7 +01 10 39.3 1.41 1.07 11.09 128 0.46 � � � (6)78 G43.19-0.16 19 10 53.2 +09 02 30.1 0.42 0.21 02.93 004 0.31 � � � (6)79 G43.32-0.20 19 11 17.5 +09 08 19.7 1.01 1.00 06.55 099 0.33 SI(1) (6)80 G43.78+0.05 19 11 13.6 +09 39 39.9 1.32 0.96 08.55 011 0.32 � � � (6)81 G43.64-0.82 19 14 08.2 +09 05 57.3 2.85 2.51 08.62 002 0.53 � � � (6)82 G48.84+0.15 19 20 29.9 +14 10 55.3 1.22 0.61 06.22 001 0.31 SF (2) (6)83 G48.84+0.14 19 20 34.6 +14 11 36.2 1.05 0.66 07.04 005 0.27 SI(1) (6)84 G50.07+0.06 19 23 14.0 +15 13 49.0 0.81 0.47 06.08 022 0.47 SI(2) (6)85 G51.00-0.18 19 22 54.1 +15 56 11.1 2.57 1.91 15.13 353 0.40 IE(1);P (1) (6)86 G53.88-0.18 19 31 42.6 +18 28 00.5 0.74 0.43 04.21 344 0.40 � � � (6)87 G61.52+0.02 19 47 08.1 +25 12 38.7 1.82 1.80 09.32 319 0.52 SII(1) (6)Note.|The full version of this table is available in ele
troni
 form. This 
atalog 
ontains 87IRDC 
ores sele
ted from many literatures. All the information in 
olumns is the same as those in the table2 ex
ept that this has one more 
olumn as the last one where referen
es for the sour
es are given.bReferen
es; (1) Carey et al. (1998), (2) Teyssier et al. (2002), (3) Garay et al. (2004), (4) Sridharan etal. (2005), (5) Rathborne et al. (2006), and (6) Ragan et al. (2006).
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Table 4The SJRC 
ores.Num. Sour
e R.A. De
. a b ED PA DC YSOa(2000) (2000) (0) (0) (0) (Æ)(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)1 G000.00+00.65 17 43 04.5 -28 35 41.2 0.9 0.8 00.54 125 0.08 � � �2 G000.00-00.59 17 47 58.4 -29 14 57.9 1.1 0.7 00.62 125 0.06 � � �3 G000.00-00.74 17 48 32.2 -29 19 15.6 1.3 0.6 00.61 095 0.07 � � �4 G000.00-00.33 17 46 53.2 -29 05 42.7 1.3 1.0 01.00 099 0.13 � � �5 G000.00-00.47 17 47 28.8 -29 11 03.3 1.6 0.7 00.87 146 0.15 SF (4);II(6)6 G000.00-00.98 17 49 31.7 -29 27 02.7 0.8 0.4 00.28 215 0.04 � � �7 G000.00-00.78 17 48 42.8 -29 20 18.2 0.9 0.8 00.53 218 0.07 � � �8 G000.01+00.63 17 43 11.9 -28 35 20.9 1.2 1.1 01.09 123 0.10 � � �9 G000.02+00.57 17 43 25.6 -28 36 30.4 2.2 0.8 01.38 104 0.16 � � �10 G000.02-00.98 17 49 31.5 -29 25 28.8 1.3 0.7 00.70 235 0.11 � � �11 G000.03-00.35 17 47 04.5 -29 05 27.3 1.1 1.1 00.94 245 0.09 SII(1)12 G000.04-00.64 17 48 16.5 -29 13 33.2 1.3 0.6 00.63 117 0.06 SF (1);II(1)13 G000.05-00.55 17 47 55.7 -29 10 36.6 1.3 0.8 00.87 241 0.09 � � �14 G000.05-00.68 17 48 28.7 -29 14 56.9 1.1 0.8 00.71 125 0.15 SII(2)15 G000.05-00.68 17 48 32.7 -29 14 04.5 1.9 0.9 01.38 095 0.21 SI(1);II(3)16 G000.06+00.21 17 44 55.4 -28 46 38.2 1.1 0.8 00.70 246 0.11 SII(3)17 G000.06-00.77 17 48 55.3 -29 15 17.6 1.5 0.9 01.08 217 0.18 � � �18 G000.06-00.77 17 48 49.1 -29 16 22.4 1.5 1.0 01.17 260 0.17 � � �This is a 
ut-in data12756 G359.91+00.62 17 42 59.7 -28 41 23.1 0.9 0.7 00.49 215 0.05 � � �12757 G359.91+00.73 17 42 35.1 -28 37 33.3 1.1 0.7 00.63 116 0.07 � � �12758 G359.91+00.17 17 44 47.7 -28 53 53.8 1.6 1.3 01.59 251 0.64 SI(5);F (6);II(23)12759 G359.91+00.17 17 44 43.6 -28 55 27.8 1.3 1.1 01.20 131 0.37 SI(3);F (3);II(25)12760 G359.91+00.39 17 43 52.4 -28 47 48.2 1.6 0.8 00.96 125 0.11 SII(1)12761 G359.92-00.86 17 48 50.3 -29 26 53.3 1.2 0.9 00.86 145 0.10 � � �12762 G359.93+00.61 17 43 03.5 -28 40 08.4 1.1 1.0 00.86 162 0.07 � � �12763 G359.94-00.34 17 46 52.3 -29 09 44.0 0.9 0.7 00.53 117 0.06 SII(2)12764 G359.94+01.20 17 40 47.4 -28 20 51.4 0.9 0.8 00.56 251 0.09 � � �12765 G359.95+00.59 17 43 12.3 -28 39 46.4 1.2 0.9 00.82 126 0.08 SII(1)12766 G359.95-00.94 17 49 13.9 -29 27 39.8 1.1 0.8 00.67 125 0.09 SII(1)12767 G359.96-00.76 17 48 32.4 -29 22 18.4 1.0 0.7 00.59 091 0.06 � � �12768 G359.96+01.15 17 41 03.8 -28 21 32.9 0.7 0.6 00.34 125 0.07 � � �12769 G359.96-00.78 17 48 37.1 -29 22 08.6 1.2 1.0 00.92 099 0.09 � � �12770 G359.98-00.81 17 48 47.5 -29 22 11.2 0.9 0.6 00.45 143 0.04 � � �12771 G359.98-01.01 17 49 32.0 -29 28 41.4 0.9 0.9 00.66 191 0.10 � � �12772 G359.98+00.27 17 44 31.7 -28 47 40.1 0.9 0.7 00.50 260 0.05 SII(2)12773 G359.99+00.50 17 43 39.4 -28 40 58.7 1.3 0.7 00.72 215 0.06 � � �12774 G359.99-01.21 17 50 23.3 -29 34 19.3 1.2 0.6 00.63 260 0.14 � � �Note.|The full version of this table is available in ele
troni
 form. This 
atalog
ontains the 12,774 SJRC IRDC 
ores. All the information in 
olumns is the same as thosein the table 2.
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) Summary of the IRDC Cores Colle
tedIn total, 13,650 IRDC 
ores were 
olle
ted for thisstudy. These 
onsist of 12,774 IRDC 
ores from SJRC
atalog, 87 IRDC 
ores from various studies mentionedabove, and 789 IRDC 
ores newly sele
ted from thisstudy. All these IRDC 
ores are listed in Table 2 for789 IRDC 
ores, Table 3 for 87 IRDC 
ores, and Table 4for the SJRC 
atalog with some useful information su
has their geometri
 properties and YSOs asso
iation ofthe IRDC 
ores whi
h will be dis
ussed in next se
tionk. In the tables the sequential numbers of the IRDC
ores are given in 
olumn 1, the sour
e name in 
ol-umn 2, the R.A. and De
. [J2000℄ of the IRDC 
ores in
olumn 3 and 4, the diameter of the major and minoraxes of the IRDC 
ores in 
olumn 5 and 6, the Equiva-lent Diameter (ED) of the IRDC 
ores in 
olumn 7, thePosition Angle (PA) in 
olumn 8, the Darkness Con-trast (DC) of the IRDC 
ores in 
olumn 9, possibleYSOs asso
iation in 
olumn 10. Note that table 3 has
olumn 11 where referen
es are given.III. ASSOCIATION OF THE IRDC CORESWITH YSOSWhether IRDC 
ores are asso
iated with newly born\young" stars is an important issue for understandinghow stars form in the IRDC 
ores. In this se
tion wesear
h for YSO 
andidates using various 
riteria, ex-plore the asso
iation possibility of IRDC 
ores withYSOs and dis
uss impli
ation of the statisti
s of star-less or starred IRDC 
ores in high-mass star formation.Here YSOs refer to protostars whi
h 
orrespond to 
lass0 or I (sometimes 
alled as embedded YSO-EYSO) andPMS stars (Flat spe
trum, 
lass II or III).(a) Identi�
ation of YSO CandidatesThe IRAS point sour
es meeting the 
riteria sug-gested by Lee & Myers (1999), mainly rising 
ux den-sities at the longer IRAS bands, were used to sear
h forEYSO 
andidates lying within the IRDC 
ores in therange of 0Æ< l <360Æ and jbj < 3Æ. However, the IRASsensitivity restri
ts dete
tion to sour
es stronger than�0.1 L� at the Taurus distan
e (�140 p
) (Myers etal. 1987); EYSOs would not be dete
ted in the mostlydistant (over a few kp
) IRDC 
ores unless they are atleast as bright as �80 L� at 4 kp
. We found only 172IRDC 
ores from the sear
h of entire IRDC 
ores to
ontain IRAS point sour
es. We also used 
olor-
olordiagram 
riteria in 12, 25, and 60 �m IRAS bands ofWeintraub et al. (1990) to �nd a possible PMS starwithin an IRDC 
ore; �2:00 < log(�12F12=�25F25)log(�12=�25) < 1:35and �1:75 < log(�25F25=�60F60)log(�25=�60) < 2:20. Fifty eightkHere we present the part of the tables only. The fullversion of the tables is available in ele
troni
 form athttp://gjkim.kasi.re.kr/IRDC.

IRDC 
ores were found to have possible PMS stars.The MSX survey also provides a 
atalog of nearly0.45 million point sour
es (MSX point sour
e 
atalogv2.3 from NASA/IRSA Ar
hive) with dete
tion sensi-tivity of 100 - 10,000 mJy at 4.29, 4.35, 8.28, 12.13,14.65, and 21.34 �m within the region of jlj <180Æ andjbj <5Æ (Egan et al. 1999). A total of 18,220 pointsour
es are possibly YSOs a

ording to the slope of theSED from 4.29 to 21.34 �m. Sixty nine IRDC 
ores arefound to 
oin
ide with the positions of some of theseYSO 
andidates.Re
ent SST missions explore very faint embeddedsour
es in dense mole
ular 
ores (e.g., Young et al.2004; Bourke et al. 2006; Dunham et al. 2006; Leeet al. 2009). In parti
ular, the GLIMPSE lega
y pro-gram 
ondu
ted a survey of the inner galaxy at 3.6,4.5, 5.8, and 8.0 �m, 
overing the region of jlj <65Æand jbj <0.75Æ� 4.2Æ and released a point sour
e
atalog�� of nearly 70 million from GLIMPSE survey.The GLIMPSE point sour
e 
atalog lists highly reli-able point sour
es that have dete
tion at least twi
e inone IRAC band and at least on
e in an adja
ent band,using the high angular resolution (�200) and high sen-sitivity (1� � 0:2 � 0:4 mJy) IRAC (InfraRed ArrayCamera; Fazio et al. 2004). GLIMPSE point sour
eswere identi�ed as EYSO or PMS 
andidates, and as-signed to one of four 
lasses based on the slope (�) ofthe Spe
tral Energy Distribution (SED) from 3.6 to 8.0�m (� = dlog�f�dlog� [Wm�2℄). Following the de�nition byGreene et al. (1994), we make 
lassi�
ations as 
lassI (� �0.3), Flat spe
trum (-0.3� � <0.3), 
lass II (-1.6� � <-0.3), and 
lass III (� <-1.6). A histogram ofthe observed values of � is shown in Figure 4.For 
lass III obje
ts it is not easy to distinguish themfrom main sequen
e stars without 
omplementary datasu
h as X-ray 
uxes. So the identi�
ation of 
lass III isnot spe
i�
ally given in this paper. In the 
lassi�
ationwe minimized 
ontamination from unrelated sour
es bydropping sour
es fainter than m3:6 = 14m to eliminatepossible faint high red-shift AGNs (Allen et al. 2007).The GLIMPSE survey region 
ontains about 198,045point sour
es whi
h may be EYSOs (
lass I obje
ts) orPMSs (Flat spe
trum obje
ts or 
lass II obje
ts). Themean surfa
e density of the GLIMPSE point sour
esis about 0.13 sour
es per ar
 min�2. The typi
al an-gular size of the IRDC 
ores within GLIMPSE surveyregion is about 10. Hen
e, the likelihood that a line-of-sight 
oin
iden
e of the point sour
es with the IRDC
ores is due to 
han
e alignment of a foreground orba
kground sour
e would be about 0.13 point sour
esper IRDC 
ore, implying that the alignment of a fore-ground or ba
kground sour
e with an IRDC 
ore is rel-atively unlikely. Thus, the assumption that GLIMPSEpoint sour
es satisfying the redness 
riterion and align-��This point sour
e 
atalogs 
onsist of GLIMPSE I spring '07,GLIMPSE II spring '08 and GLIMPSE 3D (2007-2009). Seehttp : ==data:spitzer:
alte
h:edu=popular=GLIMPSE=
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ore are asso
iated to the IRDC
ore is reasonable. A total of 12,200 IRDC 
ores withinthe GLIMPSE survey area were examined to see if theGLIMPSE point sour
es (i.e., EYSO or PMS star 
an-didates) were lo
ated within the FWHMin 
ontours ofthe IRDC 
ores. Of the 12,200 IRDC 
ores, 4,028 werefound to have at least one GLIMPSE point sour
e.An asso
iation of maser sour
es with the IRDC 
oreswas also 
he
ked. Masers are known to be a good indi-
ator of the early stages of star formation and may alsobe a good tra
er of star-forming a
tivities. We sear
hedfor the presen
e of masers within the IRDC 
ores usingthe Ar
etri Catalog of water masers (Valdettaro et al.2001) and the General Catalog of 6.7 GHz methanolmasers (Pestalozzi & Minier 2003) �nding that 8 and33 IRDC 
ores in
lude water and methanol masers, re-spe
tively.(b) Asso
iation Che
k of the IRDC Cores withYSO CandidatesWe assumed that IRDC 
ores might have asso
ia-tion with the YSO 
andidates if the YSOs are posi-tioned within the FWHMin 
ontour of the IRDC 
ore.However, it is pra
ti
ally very diÆ
ult to 
he
k everyasso
iation of YSOs for all IRDC 
ores by eye. There-fore we made an ellipse �tting to the FWHMin 
ontourof ea
h IRDC and 
ompared the position of the YSOwith dimension of the �tted ellipse. If YSOs are lo
atedwithin the radius of the minor axis of the ellipse, theseare assumed to be asso
iated with IRDC 
ores. On theother hand if YSOs are lo
ated outside the radius ofthe major axis of the ellipse, these are regarded not tobe asso
iated with the IRDC 
ore. The YSOs that arelo
ated between the radii of the minor and major axesof the ellipse were dire
tly 
he
ked with eyes to see ifthey are lo
ated within the area of the ellipse or not.(
) Statisti
s of the IRDC Cores with or with-out (embedded) YSO Candidates, and itsImpli
ation and LimitationIn this way we found 4,036, 69, 172, 8, and 33 IRDC
ores 
ontaining GLIMPSE, MSX, IRAS point sour
es,water maser and methanol maser sour
es within theellipse of the IRDC 
ore, respe
tively (Table 1). Wenote that 33 IRDC 
ores with the methanol maser havethe asso
iation by other YSO 
andidates, too.Therefore 9,540 out of 13,650 IRDC 
ores have noYSO 
andidates while 4,110 IRDC 
ores are possi-bly asso
iated with YSO 
andidates. Dealing withGLIMPSE point sour
es and IRDC 
ores within theGLIMPSE area, we found that 8,102 IRDC 
ores haveno YSO asso
iation while 4,028 IRDC 
ores have YSOs.Out of 13,650 IRDC 
ores, 1,077 
ores are found tohave EYSO 
andidates and thus this ratio of N(IRDC
ore with protostars)/N(starless IRDC 
ore) is about0.11 (�1,077/9,540). Within the GLIMPSE surveyarea, there are 1,072 IRDC 
ores with protostars and

thus the ratio of N(IRDC 
ore with protostars)/N(starlessIRDC 
ore) is about 0.13 (�1,072/8,102), whi
h ismu
h less than that of low-mass 
ores (about 0.31; Lee& Myers 1999). Re
ently Peretto and Fuller (2009)have examined the asso
iation of IRDC 
ores with 24�m sour
es from Multiband Imaging Photometer forSpitzer GALa
ti
 plane survey (MIPSGAL), suggest-ing that about 20 - 68% of the IRDC 
ores show theasso
iation with 24 �m sour
es. Parsons et al. (2009)also suggested that two-thirds of the 
ores dete
ted at850 �m are asso
iated with 24 �m sour
es. Our fra
-tional ratio of the IRDC 
ores with embedded YSOs istherefore smaller than these values. However, M. Kimet al. (in prep) have found that a signi�
ant fra
tion(over 30%) of 24 �m sour
es are either galaxies or AGBstars instead of being EYSOs. Thus it is possible thattheir estimation of the fra
tion of the IRDC 
ores withEYSOs is overestimated in the sensitivity limited sam-ple. The lifetime range of embedded high-mass starsis suggested to be between 103 � 104 years (Wood& Chur
hwell 1989a,b; Van der walt 2005; Motte etal. 2007; Pestalozzi et al. 2007). Therefore, if all theIRDC 
ores are in a pathway to the high-mass starformation, the fra
tional ratio of the IRDC 
ores withEYSOs may imply that the IRDC 
ores spend about104 � 105 years to form high-mass stars.However, it should be noted that this ratio for theIRDC 
ores 
an be mu
h more un
ertain than the ra-tio for the low-mass 
ores. The Spitzer lega
y Coresto Disks (
2d) program (Evans et al. 2003) has sur-veyed 67 low-mass starless 
ores and found Very LowLuminosity Obje
ts (VeLLOs) in �20% of the sample(Dunham et al. 2008), whi
h would only slightly a�e
tthe ratio of the starred 
ores to starless 
ores. However,the ratio for the IRDC 
ore 
an be signi�
antly a�e
tedbe
ause the IRDC 
ores are usually mu
h more distantthan the nearby low-mass 
ores, and all the surveys aresensitivity-limited.We 
al
ulated the luminosity of the faintest proto-star in the IRDC 
ores that GLIMPSE survey has de-te
ted. In the 
al
ulation we assumed that the pro-tostar has the same Spe
tral Energy Distribution asassumed by Myers et al. (1987). We also assumed thatthe observed peak 
ux density of the protostar wouldbe the maximum over the entire spe
trum and the pro-tostar had the spe
trum of a bla
kbody for wavelengthsgreater than or equal to the wavelength of the peak
ux density. The minimum 
ux density (�0.36 mJy)at 8.0 �m among the sour
e dete
ted at all 4 bands inthe GLIMPSE survey was 
ompared with the minimum
ux density that IRAS would dete
t at the same wave-length as inferred from an extrapolation of the model
ux density to 8 �m. The minimum dete
table lumi-nosity of GLIMPSE point sour
es was 
al
ulated to beabout 1:17( 4d kp
)2 L�, where d is a distan
e of theIRDC 
ore from us. This limit is mu
h higher than theminimum dete
table luminosity (�0.1 L�) 
hara
ter-isti
 of the VeLLOs in the low-mass 
ores. Hen
e, theratio for the IRDC 
ores 
an be larger than the given



STARLESS OR STARRED IRDC CORES 19values if the observing sensitivity of GLIMPSE werebetter.IV. STATISTICS OF THE IRDC CORESUsing geometri
 properties of all 
olle
ted 13,650IRDC 
ores and their asso
iation with YSOs, we dis-
uss the statisti
s of various parameters of the IRDC
ores.(a) Multipli
ity of YSOs in the IRDC CoresFigure 5 shows a number distribution of 13,650IRDC 
ores a

ording to the number of YSO 
andi-dates. The IRDC 
ores without YSO 
andidate o
-
upy about 70% of the entire IRDC 
ores while theIRDC 
ores with YSO 
andidates do about 30%. Itis interesting to note that about 49% of the starredIRDC 
ores have a single YSO 
andidate while others(�51%) have multiple YSOs. Considering that evena GLIMPSE point sour
e found as a single with SSThaving poor spatial resolution 
an be possibly doubleor multiple stars, this signi�
ant fra
tion of the IRDC
ores with multiple YSOs may suggest that many IRDC
ores are likely multiple star formation sites.(b) pab and a/b of the IRDC CoresThe number distribution of the apparent geometri
angular size (pab) of the IRDC 
ore is presented inFigure 6. Most of 13,650 IRDC 
ores (�76%) have an-gular sizes between 00.7 and 10.2 with a mean (�s.e.m.)of 10.012�00.002. Figure 6 also shows that the angularsize of the IRDC 
ores is somewhat dependent uponhow the IRDC 
ores 
ontain YSOs. The starless IRDC
ores have a mean angular size of 00.965�00.002 whilethe starred IRDC 
ores have that of 10.12�00.01. Themean angular size of IRDC 
ores with a single YSOand two or more YSO 
andidates are 10.05�00.01 and10.19�00.01, respe
tively. This indi
ates that the an-gular size of IRDC 
ores has a slight tenden
y to belarger as the IRDC 
ores have more YSOs, althoughthe di�eren
e among them is small 
ompared to theirangular sizes.Figure 7 displays the number distribution of the as-pe
t ratio (a/b) of all IRDC 
ores, and the IRDC 
oreswith and without YSOs. The aspe
t ratio of all IRDC
ores is mostly (�80%) between 1.0 and 1.9 with amean of 1.61�0.01. The aspe
t ratios for the IRDC
ores with and without YSO 
andidates are 1.82�0.01and 1.51�0.01, respe
tively. The mean aspe
t ratio ofIRDC 
ores with a single YSO 
andidate is 1.68�0.01while that of IRDC 
ores with two or more YSO 
andi-dates is 1.96�0.02. These statisti
s are also 
omparedwith the mean aspe
t ratios of low-mass 
ores with-out and with YSO 
andidates, 2.4�0.1 and 2.2�0.2,respe
tively (Lee & Myers 1999). Therefore the IRDC
ores with more YSOs tend to be more elongated, butless elongated than the low-mass 
ores.

Fig. 6.| A number distribution of the apparent angularsize of the IRDC with its geometri
 pab. Most of 13,650IRDC 
ores (�76%) have angular sizes between 00.7 and 10.2and a mean angular size of 10.012�00.002. The positions ofmean angular sizes for the IRDC 
ores in several groups aremarked with verti
al bars in ea
h panel. The �gure alsoshows that the angular size of the IRDC 
ores with YSO,are slightly larger than the starless IRDC 
ores.(
) Darkness Contrast of the IRDC Cores withand Without YSOThe darkness 
ontrast may represent the 
olumndensity toward IRDC 
ores and thus it may be interest-ing to investigate the distribution of darkness 
ontrastfor two sub-groups of IRDCs with and without YSOs.A natural predi
tion would be that the IRDC 
oreshaving higher 
olumn density will have more 
han
eto have YSOs and thus the IRDC 
ores with YSOshave better darkness 
ontrast than IRDC 
ores with-out YSOs.Figure 8 shows the number distribution of the dark-ness 
ontrast for two sub-groups of starred IRDCs andstarless IRDCs for two samples of SJRC IRDCs andother (789 and 87) IRDC 
ores that we sele
ted. (Weinvestigated the distribution of the darkness 
ontrastfor two samples be
ause the de�nition of the ba
k-ground level of the brightness is somewhat di�erent intwo samples). In the sample of SJRC IRDC 
ores, thestarless IRDC 
ores have a mean darkness 
ontrast of0.221�0.001 while the starred IRDC 
ores have that of0.251�0.001. In other sample, the starless IRDC 
ores
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Fig. 7.| A number distribution of the aspe
t ratio (a/b)of IRDC 
ores. The positions of mean aspe
t ratios for theIRDC 
ores in several groups are marked with verti
al barsin ea
h panel. The aspe
t ratio of all IRDC 
ores is mostly(�80%) between 1.0 and 1.9 with a mean of 1.61�0.01. The�gure also shows that the aspe
t ratio of the IRDC 
oreswith YSO, are slightly larger than the starless IRDC 
ores.have a mean darkness 
ontrast of 0.265�0.005 whilethe starred IRDC 
ores have that of 0.292�0.005. Itis interesting to note that in both samples the starredIRDC 
ores have higher darkness 
ontrast than starlessIRDC 
ores, indi
ating that the starred IRDC 
oreshave higher 
olumn density than starless IRDC 
ores.V. SUMMARYConstru
ting a fully possible set of IRDC 
ores andexamining an asso
iation of the IRDC 
ores with YSOsis the �rst step for a systemati
 study of their role inhigh-mass star formation. This paper examines the as-so
iation of InfraRed Dark Cloud (IRDC) 
ores withYSOs and dis
usses properties of the IRDC 
ores. Forthis study a total of 13,650 IRDC 
ores were 
olle
tedmainly from the 
atalogs of the IRDC 
ores publishedfrom other studies and partially from our subset of new789 IRDC 
ore 
andidates. Our new 
ores are mostlydark regions surrounded by bright PAH mid-infraredemissions of the ba
kground whi
h are missed in previ-ous other works of 
onstru
ting 
atalogs of the IRDC
ores. More than half of the sour
es that are larger

Fig. 8.| A number distribution of the darkness 
ontrastof starred IRDC 
ores and starless IRDC 
ores. Upper twopanels (a) and (b) are for the sample of SJRC IRDC 
oresand lower two panels (
) and (d) for IRDC 
ores that we
olle
ted for this study. In both samples the darkness 
on-trast of starred IRDC 
ores tends to be higher than that ofstarless IRDC 
ores.than 20 are found to 
oin
ide with the distribution of13CO mole
ular emissions, implying that many of thesele
ted IRDC 
ores are likely the real 
louds.The YSO 
andidates were identi�ed with the slopesof the SED of the GLIMPSE, MSX, and IRAS pointsour
es, and the existen
e of the water and methanolmasers. The asso
iation of the IRDC 
ores with theseYSOs was 
he
ked by their line-of-sight 
oin
iden
ewithin the dimension of the IRDC 
ore. A

ountingfor the dupli
ated asso
iation of multiple YSO indi
a-tors in the same IRDC 
ore, a total of 4,110 IRDC 
oresare found to have YSO 
andidates.Considering the 12,200 IRDC 
ores within the GLI-MPSE survey region, for whi
h the asso
iation of YSO
andidates with IRDC 
ores is rather well examined,we found that 4,098 IRDC 
ores (34%) have at leastone YSO 
andidate and 1,072 IRDC 
ores among themhave embedded YSOs, while the rest 8,102 (66%) haveno YSO 
andidate. The ratio of [N(IRDC 
ore withprotostars)℄/[N(IRDC 
ore without YSO)℄ for 12,200IRDC 
ores is about 0.13.Taking into a

ount this ratio and typi
al lifetimeof high-mass embedded YSOs, we suggest that the



STARLESS OR STARRED IRDC CORES 21lifetime of the starless IRDC 
ores would be about104 � 105 years. However, we also found that theGLIMPSE point sour
es have a minimum dete
tableluminosity of about 1.2 L� at a typi
al IRDC distan
eof �4 kp
. Therefore, the fra
tional ratio of the IRDC
ores with EYSOs given here should be a lower limitand the estimated lifetime of starless IRDC 
ores 
anbe an upper limit.It was also found that the geometri
 parameters ofthe IRDC 
ores vary depending on how many YSO
andidates the IRDC 
ores 
ontain. The IRDC 
oreswith more YSOs tend to be larger, more elongated, andhave better darkness 
ontrast than the IRDC 
ores withfewer or no YSOs.This resear
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