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& � , 9 • � � [ & � ^ r � Dutrey � 2

[47]
= K v � � � d A � i ) � ~ � � � ! T

= K v � � � Y , � & ) � C , � s � � , d [ F M F � � a w R H ! ) G i F ( � W

E m P 1 � k W � , � � � , 9 b • - L m P � t � � 4 q � 2
G ? � n � L 1 � 7 v �

� J � ! & � , �" m � �

4 q � 2
G ? % 9 L u > � ( � k W � n � � � v � ^ L u � � � � � J � � , � " m

� 9 C � x { � � 1 ) # � & � v � � 1 
 q � � ,  z � ! � , V0 � ~ G E � 1 � -

' k W � M = [( V100sini )=(2:98sini )]2 M � (V100 d 100 AU " m s � ! & � , � 2.98 km � s � 1

d 1 M � � � { � 4 6 � V100 ~ )[50]
� ) # q � � { � � 1 � = A _ � , � o � q � � {

� 1 � # ( � C _ " m 100 AU s � � ! � , V100 sin i � � C ) # � � + C v � � J � q

� � { � z � � =C L u ( � � Y J M 3 F � m P � , I � v � � J � � � C ) # � � q

� � { � z � H d 8 � � 1 C ) # � � � # 1 • � 7 w { � v � ! & L u 2 h d ) � g T

p � G ? ) # � � 1 P U � 5% � Simon � 2 ` o 7 I M T Tauri � { � � o P w ( B D _

[50] � � 8 4) � � 	 � ? CB26 (L1439, 0.5M � � 0:1M � )[51]
� HH30 (0.45M � � 0:04M � )[52]

� L1489 IRS (1.3M � � 0:4M � )[53]
� � � • � 1 YSOs � � 1 % � , 9 p � G ? ) # � 7

L � { IRAS 20126+4104 (7M � � 2M � )[54]
� HerbigBe { R Mon (8 M � � 1M � )[55]

� � �

1 P U d 4 L • �

3 � � M ' I A

4 C & \ � { � � + � 	 K % � � � � � • ^ ] & H � � � � � � d & \ � � s - � p \ �

� s - % } C � { � � � � 1 � � � d M � 1 • � 1 y � , a w � { � P g � F ( � � � b • �

4 C ! � 1 � { � � � s - ] � ^ r � p � � � b • � , 9 C � T � { � � � � ! T � , ) # �

{ � � 1 � q > � L u � ! " � � { � d z i % � , 9 YSOs � � b • ] � ^ r � 9 C ) # YSOs

� � 1 � L u � = C q � { � � � � � � � { � � z i ? * � �  ; � 
 n  z M * Y � � � ,

A � T * � M � ( 
 l � � � � � � n  z � . D ] � � � = 1 l x 1 � 1 y / n � � � b • %

? ` ] � C ! � Y \ X F / � % 9 	 K % ) # YSOs � 1 � G ? �

3.1 � P U X g • O N

4 C q � { � � � � W • 8 u M P C d � M * Y � � _ p � ? 0 
 i m P � � = C

YSOs � p � { � � � 5 b � � p p � L 1 � � W _ � , ? 0 - L 5 � 1 y � , % 9 � ,

m P " � � W � � � � p � � � t � % 9 p s m P z V � � 	 m P m 0 � o YSOs � % *

� t � � { � d � # [

[56]
� p " � # X F a � , G \ � � o � � G ? d % 9 a � , m P

6 p 4 YSOs ] � M p m P � 9 p � � t ) # � ? r C , � p , � 3 ) # YSOs _ H-R %
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� � @ � � ^ E YSOs � � � b • ] � - L = ) # YSOs � � 1 �

= C � { � p � � # } # C � { � ? r C , Te� �8 \ � ) < � , g � J • P , � � ,

� , a w YSOs � p � � ) # � ? r C , � & � \ H YSOs p � E + y � { p � ] � - L = )

# � p � • � ^ = p � • E C , � k W � ) # � ? r C , � % 5(a) ` o 7 & s + y � � { p

� � MK p � M � G ?

[57]
� � � p � • � % 5(b) d � Ophiuchi � { Y (L1688) � YSOs �

p �

[58]
�- L / % � � � t � a � ) # YSOs � p � • ( ^ 5 o _ % � @ N ) � % � � � t

� a � # ? H I Brg(2.17 � m) � Na I (2.21 � m) � Ca I (2.26 � m) � CO (2.29� 2.40 � m) a

� , ? 0 � T l a � = p s � a � � : � � ~ 
 , � � t � x 2 YSOs � p � • � YSOs � m

P p � � � o � 5 � k p p � 1 b � = H � 8 \ 4 ) < � , � 8 i � � # 4 m P p � ] � & �

� �  M 8 \ 4 ) � : � s �

[58� 60]
� @ , � ) # p � • T � � , % 9 8 ? 0 � m P p � M ;

] � - L � ] ) # � p � • b < d ) � 7 Hanson � 2

[61]
_ � o M17 � • � 1 YSOs(� 1 V

8 5� 20 M � ) z i � � % 9 7 p � � a � , ? 0 m P � p � E YSOs 5 $ p � ] � � t � a -

L � � o V \ YSOs d ) � p � • � YSOs � p � • ) # z � � t � , % 9 C ! p � • � � a

� ~ 
 , E Te� � a � k W

[58]
# n & s p � • E Te� � f ! k W

[62]
) # � ? r C , �

& 5 (a) ' t � | � 6 % q � ( @ ^ D 6 ` 2.1� 2.4 � m) [57]
� (b) YSOs � q � (2.1� 2.4 � m) [58]

4 C p , � ) # � Greene � 2

[4]
_ 4 PMS � { p , � � 1 � � o � ` o 7 ; � d ) i 8

p , � G ? � & � d \ = K � � u � ~ � 4 m P � ] � , * � ^ 4 p � - 
 � � A 1 Y , ] � �

� * M � � p , � = C Class I � Class II � Class III q � { � � � SEDs C ! � � # � C m P �

, * I M 4 p , � 8 i � @ & � d a w � � k W 4 IR c & ? 0 � A 1 9 & � � W w � ^ = 1 p

, � U A 1 � a � k W ) # p , � � ; � d  z PMS � J b • F ( PMS � { a � , A 1 E 1

p , � k W � = C b • ] ` J ? 0 A 1 E 1 p , } _ - ' k W � 1 y � , 9 p � - ' k W ) # 1

p , � ! T b • K 9 7 C ! � q > � C $ ` , � 4 A � s � � p 4 p , � ) # 8 i C • � @ , �

� � ,  z p � # a � , P p ) # p , � \ 4 P p { � ] � p p W w � ^ P � YSOs � z � � a

w 1 W w k W � � d 6 � 1 p ,

[63]
�

) # 7 YSOs � ? r C , � p , � 3 q � { � � _ H-R % � � @ � � t � , E PMS

� { � � b • ] � - L = ) # YSOs � � 1 � PMS � { � � b • ? 
 8 � Hillenbrand �

White [70]
9 o 7 7 \ � o 3 � 9 \ b • � p s b • � s - • � _ 0.1� 7.0 M � C 5 j � P
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, = K - L & � � : C $ ` , � # � G i � � { • � � s � } _ ' L • U 0 � % 6(a) d

PS99 b • � � � s -

[64]
� C ! � 1 PMS � { � � � { @ N � � P a • ^ � f z ^ + �

� s - � ~ 6 N � < > � � a � � � � P a & � � = � 1 " m k W " �

[65;66]
� 4 C • �

1 � YSOs � � � � b • � , L � Behrend � Maeder [67]
4 1� 85 M � � PMS � { � � �

� o � � ? Schaller � Schaerer� 2

[68;69]
4 0.8� 120M � � { � � b • � o � & s P w �

% 6(b) d M17 � { � d  � < > � � OB { _ H-R % � � M F

[61]
� � � b • d Schaller

� 2 � Geneva b •

[68]
� p s OB { • � M F _ 1 Ma � � q > a A � � 1 _ 7� 70 M � C

5 � � � � = p � p � ) # p � • � Q � � ? r C , � 1 { � k 
 � � ) # � P U L q � =

K ? 0 p � ) # p � • � Q � � p � • C 5 L • � ? r C , � 1 { � � P U d 4 L • � K

p � • � Q � � ? r C , = i { � � z � = K � p p k W " � � C ) # � 4 • � = C ? r

C , � p , � � K 9 � � � b • } _ & s C ) # � � � , � � � � 1 % � } _ & # � P

U � Siess[71]
4 M p 	 K % G ? ) # � � 1 � q > � C ) # � 8 7 M R � 	 � Te� = � 100

K � � lg L = � 0:1 L � T � ) # � � 1 P U V 8 10%� 20% �

& 6 (a) PMS � | �  � t .

[64] ; (b) M17 � | � e ! � 15 ] � 
 2 | ` H-R & � � N G

[61]

( (a) � 7 O Y c f = ? � � c � A O Y c f � Q c � 0 o | @ � Y c f 0.1� 6.0 M � E 7 � � � 4 c � 	 c > B � [ O <

f 0.1 � 1 � 10 � 100 Ma � � t ? c � ( (b) � Y c f 7� 120 M � E 7 � � � 4 c � 	 c > 7 � A O < f 1 � 2 � 4

Ma � � t ? c � Y � > r � + % r � � � R � P ' > K A 1 + % r � � � R � ~ � f ? + % r � � � R

3.2 � B U X g • O N

& � � | �P p 	 K % G ? � # d 4 8 \ ? 0 ( 7 JHK ? 0 ) � m P u w ] � s � � " �

YSOs � { � � p p � z V � E M p 	 K % � ~ � � % % 9 H-R % � � � b • � V t YSOs � �

1 � C z p " K 9 � d y > (CC) % � � > { � (CM) % � d 4 C M p 	 K % G ? � P p m P -

L 6 . � � � � � P w [ 9 C p , ~ u � n ^ � 1 ~ u � � o

[59;72]
�

_ � o � { � d  T � n \ # 4 m P � % k ] � P p � = C ^ \ ? 0 * ? m P / ` �

! T % k � c O B � 4 � Q � ) # X P X 0 � 1 y � # ) # � Q � r X � � 3 M R P p �

/ ( � � & � � , 9 K r { X ! � ) # P p � / ( �

[72;73]
� % � , E + y { 8 ] � - L

" � / ( � � @ , � = C % � � Q } _ L � d  d M ( 
 h { � ' h { ) , 1 � W � � �
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p J / � 1 y � # a w z � � p p = K 4 p s Y { ] � & q � ! T % 9 2 � W b •

[74;75]

�� p s Y { X P � p J / � = 4 p � J / ] � � w � , � � % 9 & s f ! k W 4 ^ ? 0

{ � ] � � � W w � { : ) # � Q � { � � � > � = � � , H � W 8 ` _ CC % � CM %

� � _ CC % � � C ! � � T � � q � { � � m w ' � # �  H

[77]
� � , H YSOs E � �

{ ] �  M � % � , • �  M YSOs � � � O 0 � 4 � � H � ) # � YSOs 8 ` _ CM %

� E � � s - ] � - L �{ : i 8 YSOs � � 1 � % 7 d NGC 7538 � { � d  YSOs _

CM % � � M F � �

[72]
� p " � � � s - K 9 7 PS99 b • � = C J ? 0 o { 9 M � = H

� 8 i L q � p " K 9 7 J vs. J � H i 8 q � { � � � � 1 � = % � , � o � 4 C C !

q > � q � { � � �• I M YSOs � � 1 q C 3 M � �  z = K q > � p p � P � J ? 0

� � P / ` � � , = PS99 b • � � i 8 � 1 � 4 � ` � V 8 0.1 M � ( 7 % 7 � ` ) �

& 7 NGC 7538 � r � | � � e N ` CM & � � N G

[72]

$ c O < f 0.1� 4 M � E 7 � 0.3 Ma( 	 ) � 1 Ma( Y ) � U c � v c f � � c � 
 L ~ : a Class II f O � Y < K f Class

I f O � P � : a H � K > 2 � � R � J � : � . 6 R � �

@ , � YSOs _ % 7 � � @ � d o * L � , ` � { 9 p p 8 i � P w � � , % 9 f ! k W

( 7 { 9 � , p p D

[76] ) 4 � , ` � { 9 p p ] � 1 � �8 ` d \ 1 � _ � 7 % 7 � p p \ 1

Av � � o 8 ` T Tauri � { _ CC % � CM % � � @ � � ,  z � , ` \ 1 � { 9 p p \ 1

) #

[77;78]
� w y � L�opez-Chico � Salas [79]

% 9 C ! � v b • � o� , ` \ 1 � p p \ 1 �

� t � = F ( 7 � \ 1 G ? � ) # T Tauri � { � � 1 � E 
 r P p G ? C ! � 	 W 4 CC % �

CM % ] � ; 5 ! � : � � / \ � , ` { p p (D-X) % �= � = � \ 1 G ? � � T Tauri � {

_ D-X % � � @ � � = C / % z > U ? ( � k W � : � / % � l , d ! � 1 y � , } N - L �

\ 1 ] , � ) # T Tauri � { � � 1 � � ) # � � 1 E & ) � � 1 d - L � / n ? 20%� 45% �

U ; � p � k d = � { � z � � q > P U 4 
 � �
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4 � 	 
 s � } � � � 3 � � q

4.1 � l o 	 | z i L

� � � 1 (1.5 M � < M < 8M � ) � PMS � { ( 7 Herbig Ae/Be � { ) } _ C ! T > l ,

� p 1 � 7 { � l , � = { 9 b � 4 
 � p 1 � = d ) T * # p � ! & 4 
 � q T # � l , � p

1 � � Scuti • � { 1 Q & : X P � M � � q T l , � p 1

[80]
� � o 8 ` � 
 8 Herbig Ae/Be

� { _ = L � { � � � � � � z i � � f z & \ Q & C H # � �= ] ` � Scuti • q � { � � �

p 1 � � W � 1 � � � E C 0.3 d � p 1 S , V 8 0.003� 0.3 mag � p � p 1 � k E � { � j I !

& d k

[81]
� Marconi � Palla [82]

% 9 Q & b • � o p � Q & � t = ` o 7 C H # � � C 5 �

C H # � E m P u w � - L � , 9 C V t PMS � { � � 1 � � � T � �

Marconi � Palla � # 4 Q & b • ] � 7 a � � L a � M R � p " � � o 7 Q & b •

� % } � & O F } � < O F } ; � m l b _

[82;83]
� a � M R � , i 8 o C H # � � � /

V � 3 Z 
 Q & � 4 • C , ( p , ` # ) � : � / V = k ) # � L a � M R K 9 7 a � M R

� P w = 4 b • � H # � ] � M R � M R ] ` � ' ? r C , � f < � ; � b _ } _ H # �

` 
 � ] : � o C H # � � C 5 � 4 C � Scuti • q � { � � � = C m P u w � C ) # � �

] � � ) # � p , � ? r C , } _ P U � 1 y PMS � { 8 ` _ H-R % � d & \ C 5 � p

\ C 5 � , % 9 C H # � � V t � 3 4 � 1 � � � T � � V t � ! T % � 4 PMS � � b

• X P & # � V t � m P � � p , � ? r C , � p 1 � � � � � , % 9 Q & b • ) # � {

� 1 � = C m l � Q & b • C k  M � { � � � T � � 1 y � ? PMS � � � � (post-MS)

/ � � 1 � 7 HD 35929 9 8 PMS � { � � 1 d 3.4 M � ( & O F } b _ ) # 3.8 M � ( < O F

} b _ ) � 9 8 post-MS � { � � 1 d 2.7 M � ( < O F } b _ )[84]
� e 
 + ? 36 \ PMS Q

& � { ) = ^ � � � 6 \ 1 Q & � � � ) # C h d ) : ) 9 8 � � d M ( g B D _ [85] �

� 8 1) �

4.2 � E D � \

m P x w 8 ` � YSOs  z � 1 , A � v � T * � ! ) J & 1 � T * @ � • ^ C _ z p � S

5 \ � { " m s � { � v j / S � T * M � f z w S � ~ p � S

[86]
� w S j w Y = � x { E {

� v � d � 9 9 X P � � � 4 M � Y N � { � ! & X P 8 i � & � T * M � � ' w ) a + = Y N

� { � 8 \ � 4 p � M � Y N � � o � , 9 � ) # PMS � { � � 1 Y `

[87]
�

M � Y N ) 4 8 d w Y 4 T * v � 8 i X P � � : p � Y N � � , o � v ! & � 1 • � 8 i

d { � m l � � = K 	 v M � � w ) a 8 p � m l Y N T � ! & k 1 + f / ( � R � 1 y � z "

� { 8 \ � M � A � , Vstream � , = C ! " m s � c k 8 ` � 7 Y _ �

1
2

V 2
stream =

GM
R

�
GM
Rhole

;

� � M , R, Rhole � G M ; d q � { � � � � 1 �" m �w S " m � 4 ) [ u � ) # R, Rhole

� Vstream � t � , a w M = V 2
stream R(1 � R=Rhole )� 1=(2G) 8 � PMS � { � � 1 � � � �

" m R � ) # % } C p � • i 8 � ? r C , � f ! k W � � � � x { p , � : C ( � PMS �

� s - � M � A � , G l E i a G l } _ & \ J , � � 1 y M � A � , E m P � , � k W � 8 `
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8 � Vipc = Vstream � cos� � p " 9 m P � , Vipc � � Vstream � � , � o ) # � � 1 � { � �

m P � , �  z p � 9 P • (IPC) I � � T l a ( 7 NaD, He I) � � ) P # � � C � R H ! )

r 6 4 IPC I � � 8 i � Vipc % 4 M T l I � ) # � � , � T l a ) # � 4 • � , / � � � �

R=Rhole � ) # L i � � � ,  z - L { � v ( ? K j � � � � ) � � , ` � i 8 � % Rhole = 1

T � � , ) # � 1 � 4 � ` � � C � " m R � P U ( V 8 20%� 30%) � m P � , Vipc � P U ( V

8 10%) � � 1 Y ` � 4 • P U C 5 d � 45% �

5 � 0 R G k 3

A \ X F � p s G ? * 4 m P z V � $ ) i , ? & # � ( � � m P M 3 F � Y � � } N 8 i

) # � 1 � P w � t G ? * L : � � W � • � � [ & � & ) � G ? 4 8 } N � % b < d ) � 4 C

q � { � � � p � G ? � # g 9 C � q � 1 q � y { � � { � � o � y { B M 8 e i � M p � V

y { � q � e i y { � m P & � � # L ] T > � � � 1 ) # # � L $ ) � z � � / { � d 4 s �

[ & � � � / { � d 4 [ & ( 3 � 1 - ) C . $ ) � � � 1 y � • 8 u e i y { � o � , � � $ )
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The Mass of Young Stellar Objects

YIN Jia 1;2, JIANG Zhi-bo 1

(1. Purple Mountain Observatory, Chinese Academy of Science s, Nanjing 210008, China; 2. Graduate School of

Chinese Academy of Sciences, Beijing 100039, China )

Abstract: Young stellar objects (YSOs) evolve from molecular cloud cores through protostars

and pre-main-sequence(PMS) to zero-aged main-sequence (ZAMS) stars. During this process,

their masses, which are the most fundamental parameter, play a very important role. The masses

of YSOs determine almost everything about their birth, life, and death.

Four fundamental methods of estimating the mass of YSOs are introduced in the paper(classi-

�ed as Dynamic, Hertzsprung-Russell (H-R) diagram, Pulsation, and Magnetospheric accretion).

The most direct method to determine stellar mass is through the analysis of dynamical param-

eters. This can be accomplished by measuring the periods of orbital components, the radial

velocities of unresolved companions in binary system, or the kinematics of a circumstellar disk



� 346 � � � � � � � � � E � � � ^ � i � �� � � � � 27 | �

in a single star. The second one is to plot the objects onto theH-R diagram and compare their

positions with theoretical evolutionary tracks. Their positions depend on their temperatures and

luminosities (or their colors and magnitudes) that are determined by their spectral types and

extinctions and/or photometry. The third one to estimate th e mass of Herbig Ae/Be star is

through the pulsational instability strip, which is de�ned by the analysis of photometric variabil-

ity. Finally, the velocity of the accreting material can be used to measure the stellar potential

energy, which, combined with the stellar radius, yields themass of a PMS star.

These methods can be used to constrain the mass of YSOs, but there are still some prob-

lems. For the �rst method, although the determined mass is more precise than other methods,

there would be errors in dynamical parameters due to observational uncertainty. Moreover, the

sample of such objects is small; the errors of second method come from the uncertainties of the

theoretical evolutionary tracks and the uncertainties of temperature and luminosity due to the

errors of the measured spectral type and extinction (or the uncertainties of color and magnitude

of YSOs due to the errors of extinction and photometry); for the third method, the boundaries of

the pulsational instability strip are not precise enough due to the unclear intrinsic properties of

YSOs; for the last one, there is a complex motion of the accreting material, its physical velocities

may not be truly free-fall.

With the development of new observational technology, the observational accuracy will be im-

proved,and the samples of YSOs will be enlarged. This will greatly improve our understanding of

the formation and evolution of YSOs. And the mass of YSOs willbe more accurately determined.

Key words: star formation; Young Stellar Objects; Hertzsprung-Russell diagram


