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358 � @ � � 51 Fva�n`ohcn�YcVN�K��Fn�qLJrrF�cnrF-YcVr��Zn(1FVN�^KTm�%� Saito q [6−7] n�;&��n(YFVn4�DY�\^KT@w�QFVnQP1cnnÆ`ohT@�FVn H2 y��1n(cn|��T@q�w-Zy�G��?��m 1701n(Fen��FVn��Yohq9|�+�mT@��� f�#\ 2MASS nf+|@��Gm��FV1n(nT@w�-�3�;cnrFB��
2 z�<+�C�_% Okayama Astrophysical Observatory (OAO) 1.88 m .@6
�ÆF+n :n(-u/f+,
nB;� 76 0B;?4r* 45 0�O^K :n���`D��n?4�P`ohcn�C�7@`L�n CO(J = 1 − 0) B; [8] 
Yc?4�mV���Dm.r 17 0 :n(�3�;
[ (& 1). Yc :n(1 IRAS <Fe+7T";l*�3n CO �]� c;ln CO )Q^KQ��]�4�)QQ��P�ÆoYc?4N�^K��+zqcnrFu��
�P*gccnnN��& 1 pQm2<n IRAS <��T@<��% (B;rk) �CXYT
�u4g%�nsZ���� 1 'Æ�1O�

Table 1 List of molecular cores

Source Association[8] RA DEC Distance Vlsr Distance

name (h m s) (◦ ′ ′′) (kpc) (km · s−1) references

01202+6133 S187 01 23 32 61 48 49 1.44 -14.4 [9]

02232+6138 W3(OH) 02 27 01 61 52 14 1.95 -46.94 [10]

02245+6115 RAFGL 333 02 28 21 61 28 29 1.95 -48.2 [10]

02593+6016 RAFGL 416 03 03 17 60 27 52 2.3 -37.77 [11]

04000+5052 04 03 49 51 00 49 4.29 -31.55 [12]

04324+5106 RAFGL 5124 04 36 21 51 12 54 6 -35.94 [13-14]

04547+4753 RAFGL 5133 04 58 29 47 58 28 5 -18.47 [15]

05274+3345 RAFGL 5142 05 30 45 33 47 52 1.8 -3.68 [13]

05358+3543 S233 05 39 10 35 45 19 1.8 -17.34 [13]

06073+1249 RAFGL 5185 06 10 12 12 48 46 6 25.31 [16]

06099+1800 RAFGL 896 06 12 53 17 59 22 2.4 6.89 [17]

06105+1756 S258 06 13 28 17 55 30 2.4 8.10 [17]

06114+1745 RAFGL 5188 06 14 23 17 44 36 2.5 8.16 [18]

06117+1350 S269 06 14 36 13 49 35 5.28 16.68 [19]

20205+3948 20 22 21 39 58 05 4.5 -1.74 [14]

22566+5830 S152 22 58 41 58 46 57 3.5 -50.59 [20]

23138+5945 RAFGL 3057 23 16 04 60 02 00 3.5 -43.12 [20]

Note: The equatorial coordinates of sources are in J2000.0 epoch, the velocities of sources

are relative to the local standard of restK 2007∼2009 ,��C�_%�(W�?�8MB;V 13.7 m Q
,.@6
Y
170<-um 12CO(J = 1−0)�13CO(J = 1−0)Y C18O(J = 1−0) ;�)Qn fF



4 -  �s�eptHApHX[p* 359$B;�IRAS 01202+6133Y IRAS 06099+1800q 2007 nB;|@�.�<q 2009 nB;|@�2009 ,��'.@6K 93 GHz�[$|Mn,zP�q 56′′×55′′ ($ 1hk:F), G�fZ2�Y8�F=G^- 5′′, ���Znw,z`|3 0.62. .@62�q�� 3 mm,
n SISCh�tz�J"=�K 150∼300 K_�"o��tzj�3 30
1 024�lnbD$)� (AOS),N fB; 3�)Q	 12CO(J = 1−0)(115.271 GHz) �
13CO(J = 1 − 0)(110.201 GHz) Y C18O(J = 1 − 0)(109.782 GHz), T"n)QcP�(q 145.36 MHz � 42.76 MHz Y 43.15 MHz, $|�#|�(q 209.0 kHz � 81.3 kHz Y
77.3 kHz, ���#|�(q 0.37 km · s−1 � 0.11 km · s−1 Y 0.11 km · s−1.B;f7%%�nS,���%�5Qx]`1Htjn�Q=� T ∗

A. 2<nB;rk`l3 IRAS <n�% (& 1), �[
<n*`{�f�3 60 s, .r 12 0<n7��.3 40′′, .
3 60′′. 3mmi�SnmP��C�
�0<nV? (+- C18O {�3�Æ`cn��W) � 5∼6 [nu%B;�lPb=��i 0.1 K. 2<n ?4��
1∼2 [nB;�B;,���. 2 h B;�[%�< (NGC 2264 Y S 140), %�<n$�@JN�9L+%-e;<n$� (EL) (]�9L
 NGC 2264[21−22] Y S 140[23−24]n�;�C�mimf%�<'�Q=�ik=�n~s@J� 12CO n~s@J�(q T ∗

A = T ∗
R × (0.64 − 0.06 cos(EL)) Y T ∗

A = T ∗
R × (0.76 − 0.16 cos(EL)), 13CO n~s@J�(q T ∗

A = T ∗
R × (1 − 0.10 cos(EL)) Y T ∗

A = T ∗
R × (1 − 0.02 cos(EL)), C18O 7%m1

13CO T nx]@J�Æj�Yc~s@J�("%-���?nB;<�
17 0B;?4n/f+B;7%m 2MASS n��|@�w�q K ,
n/f+$WY J � H � K ,
nw<;D|@� J � H Y K ,
nw< 10σ n;Dnq�(q 15.8 mag � 15.1 mag Y 14.3 mag. |@WYr
;Doh�mV��7%m K ,
r;Doh%
3 A � B � C Y D n;D#I�

3 +�A.4\E�K
3.1 To?,��`C�_% IRAMn Gildas/ClassR��
Yc)Qn|@-uP3WY�'2)Qn+��\mi')Qn� GP (FWHM) Yk=� (& 2),  f
 13COY C18On{�3�-uF$ ($ 1). & 25Qm 170B;<n)QmI�offsetq C18O{�3� c;lT
- IRAS<;ln#�h���u�FWHM(12CO)>FWHM(13CO)>FWHM(C18O),� IRAS 04324+5106 Y IRAS 06073+1249 n FWHM(13CO)<FWHM(C18O), N�q'-f<n C18O k=��t�Pb#U�`�2<nk=��*W�n#I T ∗

R(12CO)>

T ∗
R(13CO)> T ∗

R(C18O), ��O3 13CO Y C18O T
- 12CO qD�n�
�N��;��FnO�?4� 13CO nk=�($+- C18O nk=��'- 12CO KYc?4qDin� 12CO n c;l1 13CO n c;lN�^K=��4�< 12CO nk=�1
13CO k=�`^T/�Q IRAS 01202+6133.
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Table 2 Properties of lines at the positions where C18O integrated intensities reach

their maximums

Source Offset Spacing grid FWHM(km·s−1) T ∗
R(K)

name (arcsec) (arcsec) 12CO 13CO C18O 12CO 13CO C18O

01202+6133 (0, 0) 60 4.31 2.82 2.09 10.80 10.78 2.87

02232+6138 (40, 0) 40 7.78 4.49 4.24 18.74 11.46 1.51

02245+6115 (-80, 80) 40 5.62 3.21 2.18 12.89 10.92 4.02

02593+6016 (60, 0) 60 3.19 1.84 1.57 15.78 7.00 0.75

04000+5052 (0, 60) 60 5.37 2.06 1.34 3.55 3.78 0.99

04324+5106 (40, 0) 40 4.94 3.18 3.50 14.66 7.11 0.54

04547+4753 (0, 0) 40 3.01 1.72 1.39 22.27 7.07 0.38

05274+3345 (0, 0) 40 4.92 2.66 2.18 19.50 10.85 1.76

05358+3543 (40, -40) 40 5.22 2.60 1.86 13.08 6.31 0.92

06073+1249 (-40, 0) 40 2.56 1.68 2.24 25.18 6.46 0.45

06099+1800 (0, 0) 60 4.33 2.93 2.70 29.61 12.38 1.24

06105+1756 (40, 40) 40 2.84 1.59 1.34 13.61 7.68 1.17

06114+1745 (40, 40) 40 4.65 2.62 2.31 12.74 6.61 1.09

06117+1350 (-60, -60) 60 4.82 3.03 2.37 20.67 6.52 0.70

20205+3948 (-40, 40) 40 2.85 1.94 1.20 18.09 9.93 1.31

22566+5830 (80, -80) 40 5.98 3.26 2.21 18.37 11.57 3.05

23138+5945 (40,-160) 40 3.98 2.90 2.70 18.54 9.11 1.08$ 1 Oom 17 0<n 13CO Y C18O n{�3�q+$�C��.1 K ,
$W|Æ�%-��FV1n(Kr�ZndJ�'$ 1 N�KQ���Fnr�2��4�FVn#<��	T�Q IRAS 01202+6133� IRAS 02245+6115Y IRAS 20205+3948q� 13CO Y C18O {�3�n c;l���j� 13CO nFV�19`�
3.2 ToZD!�I3�;��FVnwo�C���m2FVnDY9| (Da�y���ohY�9q). K��LJr���FVW-=4K�%`���'-��FV
�� 12CO n�]�AqDin��ZN��L 12CO n ck=� T ∗

R(12CO) >QFVn~�=� [25]

Tex =
5.53

ln{1 + 5.53/[T ∗
R(12CO) + 0.819]}

K , (1) f�� 13CO Y C18O ��)Qn~�=�1 12CO nT �N'#]~�@J>mD�i� [7,25]

τ(13CO) = − ln{1 −
T ∗

R(13CO)

5.29
× [

1

exp(5.29/Tex)
− 0.164]−1} , (2)

τ(C18O) = − ln{1 −
T ∗

R(C18O)

5.27
× [

1

exp(5.27/Tex)
− 0.166]−1} . (3)
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& 1 +S}�5�3 K .�&Yp~�&��&seS5 13CO }�5��,&seS5 C18O }�5��
IRAS 04547+4753 ,6Ro 13CO p}�5�&�seS)}�5��bep 50% Jm��/5}�5��bep 10%. Ol;'p>	pp*!'��N�il;'p0B8p.{R�� “+” 'p IRAS y>p<m

Fig. 1 13CO (left) and C18O (right) integrated intensities indicated by contours are overlaid on the

2MASS K band images. The C18O emission of IRAS 04547+4753 is too weak to be detected, only 13CO

integrated intensity is shown. The contour levels are from 50% of the peak intensity in steps of 10% of the

peak intensity. The hollow circle, filled circle and plus indicate the boundary of cluster region, beamwidth

and the position of the IRAS point source, respectively



366 � @ � � 51 F7@ 13CO Y C18O )Qn FWHM P� ∆V NmiT"ny�� [7,25]

N(13CO) = 2.42 × 1014 ×
τ(13CO)∆V Tex

1 − exp(−5.29/Tex)
cm−2 , (4)

N(C18O) = 2.42 × 1014 ×
τ(C18O)∆V Tex

1 − exp(−5.27/Tex)
cm−2 , (5)��D5���c3 N(H2)/N(13CO) ≈ 5 × 105[26] Y N(H2)/N(C18O) ≈ 6 × 106[27], Y�N�mi;��ny���7@ LTE �`O�Vnoh3

MLTE = µmH2

∫
S

N(H2)dS = µmH2

∑
i

N(H2)iSi , (6)

Si q
7��.n�n>Y�{� mH2
q;��noh� µ qL{Oqu5�n%G��h�Y\D 2.8[25]. FVnL� R qf1O�V{�3���`�T�{ A1/2 Tqn:n�9 (Y\
,zP�EE{):

R = D(
A1/2

π
−

θ2
mb

4
)1/2 , (7)

D qO�VnCX� θmb q.@6n,za9 (Y\D 55′′). �`O�Vq=�#<�QO�Vr;��n%G���
n(H2) = N(H2)/2R . (8)WY#I�& 3, .r Mvir q��FVn6\oh�� 3 13CO 'Æ�1"jJ�[

Table 3 Physical parameters of 13CO molecular cores

Source τ R N(H2) n(H2) MLTE Mvir

name (pc) (1021 cm−2) (103 cm−3) (M�) (M�)

01202+6133 2.25 1.28 8.24 1.56 1093 2139

02232+6138 0.98 0.70 16.4 5.70 770 2963

02245+6115 1.88 0.68 11.7 4.18 499 1473

02593+6016 0.64 0.55 3.05 1.34 120 393

04000+5052 1.13 1.82 1.29 0.17 436 1460

04324+5106 0.73 1.79 6.28 0.85 2166 3785

04547+4753 0.41 0.85 8.03 2.29 389 527

05274+3345 0.76 0.52 8.93 4.13 273 779

05358+3543 0.35 0.95 6.99 1.78 579 4285

06073+1249 0.31 1.38 3.35 0.59 893 817

06099+1800 0.57 1.20 14.0 2.83 1973 2160

06105+1756 0.90 1.09 3.80 0.85 369 576

06114+1745 0.65 1.50 5.36 0.87 1045 2346

06117+1350 0.40 1.48 5.54 0.91 1728 2849

20205+3948 0.76 1.33 6.86 1.25 1284 1055

22566+5830 0.97 1.98 14.2 1.74 4836 5095

23138+5945 0.35 0.99 12.5 3.06 1377 2129
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3.3 C9eZD!�I7@ 2MASS nw<;Dn&Y SIMBAD 5Qnn(;l�uj=�n(nrk��
n(rk 1′ �9�ncn;l (N3YN9) D%G��[{djmijnn(rk��Ih�Z :n(n#<+�GIY
En�f�|�;rq7%m�;%Gn���;n(n&����Yt��N��\9Z�Tn"o+=�Qn(n�9 [28].� IRAS 02232+61383a�$ 2(a) q7@jnn(rk
9Z&����n�\�7%n�\rnq σ(r) = a0 + a1e
−r/r0 . $rhQq�\#I�zQ&o�\�T�ti+-%G?n�� 3σ n;l (σ DCn(rk 3′ ∼ 4′ ncn|��nG�=), '�1�Pmn(nw�F8�2n(n�9`^K 0.5′ ∼ 2′ n�1 ($ 1 :F	o). n(n9|#I�& 4, .r SFE Y LFE �(&o��FncnrF`|Y=4cnrF`|���;n� 4.3 "� � 4 tc"jJ�[

Table 4 Physical parameters of clusters

Source RA DEC R Field Members of N(H2) M∗ SFE LFE

name (h m s) (◦ ′ ′′) (pc) stars cluster (1021 cm−2) (M�) (%) (%)

1 01202+6133 01 23 06 61 51 32 0.54 8 75 4.71 228.7 8 70

2 02232+6138 02 27 06 61 52 44 0.63 13 61 21.9 186.9 19 23

3 02245+6115 02 28 22 61 28 19 0.61 17 39 4.95 93.1 4 41

4 02593+6016 03 03 15 60 27 46 0.64 8 63 2.66 160.9 45 67

5 04000+5052 04 03 49 51 01 04 1.22 10 32 2.93 135.0 23 30

6 04324+5106 04 36 21 51 12 39 1.62 6 36 13.3 178.5 7 6

7 04547+4753 04 58 30 47 58 29 1.77 19 63 8.03 216.9 35 10

8 05274+3345 05 30 48 33 47 49 0.53 8 51 17.9 88.3 24 19

9 05358+3543 05 39 11 35 45 28 0.82 25 62 16.6 166.1 22 17

10 06073+1249 06 10 12 12 48 57 2.12 18 64 6.22 266.4 22 11

11 06099+1800 06 12 53 17 59 20 0.92 22 105 30.2 339.1 14 15

12 06105+1756 06 13 28 17 55 51 1.00 19 70 5.00 204.5 24 36

13 06114+1745 06 14 22 17 44 23 0.87 11 48 9.59 152.1 12 22

14 06117+1350 06 14 36 13 49 26 1.76 11 67 8.17 303.2 8 14

15 20205+3948 20 22 21 39 58 01 0.77 5 19 8.46 103.4 3 22

16 22566+5830 22 58 41 58 47 05 1.27 27 91 18.7 365.9 7 14

17 23138+5945 23 16 06 60 02 16 1.06 22 84 27.8 260.3 15 10

Hillenbrand q [29] K
 Orion �4n(n�;r�_%�Unq$Yw}2
o�q
n(noh�1�m=��Y\C�7%W�n��=� :n(noh�'- K,
n\D�^���r7%m K-(H-K) �Unq$�$ 2(b) q :nK K-(H-K) rn�1�'-2n(n v+/H��C�l%m Siess q [30] 
o�qntvw}Q ($rBQ) U=�n(noh�7@cnn;DF=�
�0 :n�1�+�E{�E{#I�\Djh�##mi�0nnoh�1��	*nnoh�1-u{�>Y�min(n
oh (�S?n). 3m=�?ncUn#U�Y\7%Cn(rk 4′ ∼ 5′ n?4�39L?4�?n|�'9L?4`^G�in(`^�'-
o�qYcn vn/H�w�n(ohF=D3 20%[31].
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& 2 (a) 3 IRAS 02232+6138 Hgpp*�Æ��2�iSrz�&p�]S�{Sr,/'I@pÆ� 3σ pp*�:� (b) p*H9M K-(H-K) &sp�2�bSrhpkj�y��ruwx~S�IU'pu]FJm��/5 AV = 5 mag p]Fe��U'pp*H9
Fig. 2 (a) Azimuthally averaged stellar radial density profiles of IRAS 02232+6138 cluster. The solid and

dashed lines show the fitting result of histogram and the radius of cluster where stellar radial density is 3σ

above the averaged density of field stars. (b) K-(H-K) Color-Magnitude diagram for the sources of cluster.

The straight line is the reddening vector and the other line indicates the unreddened Zero Age Main

Sequence (ZAMS) track. Crosses are plotted along the reddening line from the ZAMS track in steps of

AV = 5 mag. Pluses show the members of cluster

4 (k4^Q
4.1 $M{S5�fL
N��O�Vqq=n=�J"�+l�.Y?�&��cY�~q��n#U�.6\ohQM [7]:

Mvir =
5R(∆V )2

8G ln 2
, (9)

G � R Y ∆V �(q!cA|���F�9Y)Q3�n FWHM. Y\n ∆V d&��FV
n��	T�/+�S��KJ���7��S��1�n'��~�Y
���cnrFu��& 3 Æj�p5Qm 13CO FVn6\oh Mvir. 6\ohq�;��F%`��n@�9h���K�*+4�c��M��7 Mvir > MLTE f��FV�c��h`-!c�hf�FV/t!c
���Z�Mvir 1 MLTE n�cN��$FVn!cA�wJ��
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|@J (Q$ 3), 13CO Y C18O n#I�(q 0.66±0.14 Y
0.74±0.15, T@J| (c.c.) �(3 0.77 Y 0.81, Y1�*n�;#IW� [32]. '$ 3 N�KQ��FVnoh%G�^-6\%`oh�2FVW-A����`4�FVN��/-s&A����FV&/n :n(nn"N�5FVcU+4�c�YlmFV!c
�+-�3rFcnF3N��

& 3 �	HX8^qj3?6M�'bqjpAK�& (a) [ (b) �*r 13CO [ C18O p%K
Fig. 3 Relation of virial mass Mvir and local thermodynamic equilibrium (LTE) mass MLTE of molecular

cores. Panels (a) and (b) show the results of 13CO and C18O, respectively

4.2 oG��%!)l
Larson[33] 
O,n��FB;�m"��;��PFV�4n��	T1FVnL�*_3nT@w�FVL��1' 0.1 pc n�Vi 100 pc nB��F�FV)QQP

∆V 1�9 R n@J3 ∆V ∝R0.4∼0.5. �2
-fX@Jn�;�*�H"�n#��FVL�1QP�N�q/T@n�$ 4q
FVn)QQP1�9n�G�Y\
FV�	*)Q�m%G�QP ∆Vq+��\H�n)Q FWHM. 13COY C18On�\#I�(3 ∆V = 2.8×R−0.04±0.17

(c.c.=0.06) Y ∆V = 2.6 × R0.24±0.19 (c.c.=0.33). f0�\h|^K�O=��N�q'-4���FVnrk;l
 13CO n�]/-GqD�n (τ �`- 1), 13CO n)Q�\wi#U�x+�\| C18O FVn�]�S�mP�/+�Y�N�#U�\#I�f0�\nT@J|�(q 0.06 Y 0.33, &�FVnL�Y)QQP_��*�OnT@wvT@w_S�4��;�&��
- R ≤ 2 pc nFV�L�YQP�k�*T@w��7�f0hn�\h|K 0∼0.6 _���*"�n�\#I [32], YN�1�;
[n�DY
o��T@�L��^7A�nFV�.1�	TJ��t�L�1QPnT@w�3�T�u�L�`ncnrF?�.cnrFu�Dr�1�'zJ��+�fXnT@w��S��I�Y\�;nFV�^�fq
��1 :n(Fe�cnrFu�!0n'z��n(n�c�
o��RÆ1�n	TJ��QP1
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& 4 �	HX!e+SSR3�:pAK�& (a) [ (b) �*r 13CO [ C18O p%K
Fig. 4 Relation of FWHM line width and radius of molecular cores. Panels (a) and (b) show the results of

13CO and C18O, respectively
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Fig. 5 (a) Star formation efficiency (SFE) and (b) local star formation efficiency (LFE) plotted against the

number density of clusters, respectively. Pluses show the positions of sources with its order numbers listed

in Table 4
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Molecular Cores and Young Clusters of Star Forming
Regions

YIN Jia1,2 JIANG Zhi-bo1 YANG Ji1 CHEN Zhi-wei1,2 WANG Min1

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT Data of (J = 1− 0) lines of 12CO, 13CO and C18O were taken simultaneously

by using 13.7 m millimeter telescope of Qinghai station of Purple Mountain Observatory

at Delingha. We map 17 star forming regions which are associated with the clusters. All

but IRAS 04547+4753 show C18O emission, 13 regions where 13CO integrated intensities

reach the half maximums are fully mapped, while some cores of the other four regions may

be missed because of the wide extension of the molecular clouds. Based on the data, some

physical properties have been derived, such as the full width at half maximum (FWHM)

of three lines, excitation temperature and optical depth. The column density, local ther-

modynamic equilibrium mass (MLTE) and virial mass (Mvir) have also been obtained. The

average ratios of Mvir to MLTE for 13CO and C18O cores are 0.66 and 0.74, respectively,

suggesting these cores are close to virial equilibrium. The maps of integrated intensities

of 13CO and C18O are overlaid on the 2MASS K band images to compare the cores with

clusters in morphology. We also calculate the sizes and masses of clusters from the photo-

metric results of point sources released by 2MASS database. Based on the result, the star

formation efficiency (SFE) of clouds associated with young clusters is calculated. SFE varies

over a wide range, from 10% to 30%.

Key words ISM: clouds, stars: formation, ISM: lines and bands, stars: pre-main sequence


