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1 �����4rHr7℄Fg�16&rj℄Fk*�4&�℄FkHMH/&?oWF�r.<ÆwO:AH/&?ourGzrCtr����kCtr����Kgjo&!IR-zr4r�|-&v�hz4r℄1�h&v4r (M < 3 M⊙)�**&v4r (3 M⊙ < M < 8 M⊙)*�&v4r (M > 8 M⊙) �O�&v&4rD>HO�&YCzr�7mMh&v4rzr�w&e	6�7�0���k&h&v4rzr&�_6�yk� Shu*� [1] 'h&v4r&zr�w℄1 4 x�I�
(1) ℄Fk(�I�r℄Fk�J*��
e (W�=) &�pWFHM^`P Ruh<OPzrP�;=&�
I℄Fk(�
(2) HZNrbY4r*Jzr�I�rHhb" (inside-out) ur&k(h*zr.x5J..&Y4r��� �n	��2010-11-03 � �r	��2010-12-20('����mJB�ZÆ (10733030 � 10621303)
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(3) 
p�=&rb*℄F"b��I�U℄r1C&Y4r – JL�&;3YbOU�X�d4�ÆO�*^`"b��CtrrJ*Ybxk	H\C&�
(4) �rJ.�&6�mr!I�I�C&O��U-��1I.x�rJ&o4rR��X�Oh&v4r&zrO��r�&v4rzr�w*HM�o&D"e)Ma�4M�&-RXLWF�LHM�&v4r�Mr�zr0C�<��&v4rzr&�&=%2jo�7mMM�&v4r&�4*Rv!I�I&z	�B�r�_%OHre�%BO%$��&v4r&zrYCO!I�.&aV�HM�&v4r!I2K�!�xf>!I.x-
&6�mr�I�R����6r���L��&v4r&zr�w!I_h&v4r8 griM�_&�I�6���&�&v4rzr&YC6)It. [2] �H\0C*G/0C�H\0C�1�&v4r*h&v4r`�H��℄Fk&ur7br1J&H\zr&�?�G/0C&.x/)Y<Hr�&v4r&zr�w*�e)�TO C&&�.TH\�G/0C&��6)XM�&v4rLHOawh&v4rr��S&�_G=�rR~�I�℄Fk(&urTzr.�h&vCtr����kCtr����.I<q&=oÆ!I�gXgZB���R;U4P=G/r.d�zr�&v4r�H\0CW�z^`&v"�*H\J&�r�
.Y*;�G/0C���HMCtrP=G/*d45�&=oÆ�w�r1Jzr�.�w*5!	�m�G/<D>?UC&&b"O)�O"�IkZ��.*OT�StA�&^`vz|�	7�&0.�#H�_� Jiang *� [3] iF�7"R	r_&YV�M5M�CX�℄Fk& BN ���~z�_�USzOn��rm&.xR	J (polarization disk) � BN ��H�F*Ry&�7"���H.?�&vCtr�rx&1.USH\J1�&v4r&H\e���z/)&�_�-�R-���&v4r&zrYCO�)}P&�_�-�Ga)rPY*�"J�r&�-�r4rzre�*�MJ&�&G1/)��_r1J&�rD7yx�&v4r&zr[%��&r1J>�A#}k./�Dh&v4r&zr�w�{%L*f��*&~r�$D7�_~rL�2D>�4M.x<U&J*�<��~rzr�w&��-O:J&�&�

2 [�tL
2.1 z~Y~rJHM�rCtr�� (� T Tauri vr� HAe/Be r) 1.&g�l�J�x�7:Z_gC;= [4,5] �r4rzr�w*Z?�r�H℄Fkurp~zr&!'k(WPW'B�IH;�k(&�.TurT�k(&�;gCnK�5xzr.x<U&\J�℄Fk(*&C&OH��8�*p�RHPO�"J%�n;��H\"�*p�*p(�&v5xy��zr.xCt&Y4r�*pr*J&e)5H'&.b� �!�A#2:���_�L� (*pr + J + .b) &>[℄Q (SED) r�$$HI�"R�&^�5�1 0 `^ [6] �0 `^&�C2��a>v



� 150 �������	�;�����}������� 29 6�6)^M?our�nBC&&OLO��.b=%gXgJ/�*prrb7"HI&e):A=%�-�8COL%8�\5x53Æ [7] �ÆxL��S�v&7"j��r�ÆHIf>ODv�a>v6)a*rb7"*�$$HI�H6v& I `^�-5q1Ct
T Tauri vr [8] ��<�*pr��H\6V%�U℄&v�J*.b&L&vO"*pr&v& 20% [9] ���f 100 'C�.b*&C&6��U,a"J%�.bg9�*pr!I1�6 T Tauri vr [10](CTTS, II `^ [8]) � CTTS & SED 2L�I-R&7"j*D"j�r�Æ*7"HIDv� Hα [W2o�a*�WL�M 1 Å[11] �r��I�J&&v�I*pr&v& 1% ∼ 3% �&vH\�1 10−9 ∼ 10−6 M⊙/a [12] �C&&H\� CTTSvS��P�T&�&��o&�ÆU)W��C=I* [13] �Æx CTTS �Iz	�ff)'C�nBL�&�.T!I�JTrP.[%&p/WFO5� [14] � CTTS 5x!I1�U)W T Taurivr (WTTS, III `^ [8]) �7"jg9� SED >�F�.&1�[A/� WTTS R-z3Æv(WA!I"��6� (ZAMS) �r1.?�A&6�r�r!Iv_�H\�w25��JH6v&H\J (accretion disk) ��M�6=JÆ (ac-

tive disk)<_�a>v6)X^M5H\C&?o>&z(' �nB*pr!I1 CTTS�&vH\���|-�J���5=JÆ (passive disk) <_�J*&l�*g���HN*pr&e)R�JS�V%>v��5=JÆ&z	<qb�M�6=JÆ&z	<q�Rr��<&L�56kC& q&wCZMM�6=JÆ<_-h%P�}iMA#�&�nB*pr!I1 WTTS �J����FJÆ (transition disk) W�aJÆ (cold disk) <_� (Y) ~r ( 'rF) 6�zr�ÆxJvSH;b"&C&� �;J (inner disk) &� �J&*pzr.x0�&F? (hole) �J*-D>HM (Y) ~r&zrRd4~ (gap) [15] �"J
(outer disk) -T2K/���!�U*�w5!	�\!J (debris disk) �."z'v&l�?l�HJ!I&R;�I��<�*pr6���6r��J*&\NC&X^M6zr&Zr�h~r7brF�q&P=*E4�
2.2 pr0�^*�H'&.b.Y*� *pr*J&e)�
.Y*H/-U�OJf>�*oC&e)�.b*J&e)ZBU/�:7�℄��A#2:r0�^*����J&�r��R�rv_M0�^&�&*��I.kq�&�-B-J&�r�OP�
Myers [16] * Strom *� [17] US.QCtrrb7"HI&l�U)2o��x#&Mg�	�h (fr*) ���r1l�H{Mq/℄QrCtr1.f)x AU &X.;�l�?d&Mg�zb�M 100 mag �<�l�2D>�℄QrM�Ctr&/J%�r�.yMO��JOH^bMB�_�<�l�M*pr&g�x�h�a��rF1�[A/Y4r:�& SED <�*7"HI&�v7�_�)-%P��)Q"?�-M*pr8C&C&X>A/�.HI& SED [18] �1�� Cabrit * Andre [19] US� 1.3 mm q	[�v2�&-&vY4r:�f>BI℄F"��r�k"�P+HH\Jt�=�ZMM0�^R��M T Tauri vr (TTS �." CTTS * WTTS) J&�_*�&)P2P�R~� Mendoza *� [20] US TTS I�v&7"j�a SED >2&/F*pr&1�[n%8CX.1 20 ∼ 2 000 K &�e)[A/�w#�1�7"jHl�HN*pr&>vq7gHe)&���Beckwith *� [21] ��_ TTS 1.3 mmq	[&�v�gj�r1



� 2 ` ��(�+�Z�sK'�'�} 151�l�&L&vf1 10−4 M⊙ ����kl�9m{Mq/℄Qr TTS 1. 100 AU &X.�8 x#d4&g�T�*prODv�O�_Oh�t7l�}D>7Jz&YC℄Q�l�M*pr�& )D7d4R	�tR	C )�&US-B-l�a*rr1Jh��zl�J�r&}Ii�-H CTTS &�WU)�r�PZ CTTS &*�& 630 nm �W�R*�\3r℄�z8M6!�73r℄ML�vf>!I�U� Appenzeller *� [22] �173r℄5�Æ9&l�J� �!�A#2:�_�J�r&���-XHM�KFq)b (HST) &�_��CrkH6v&4rzrM��HSTra*USz�v&7"�R
(dark silhouette) zC�S&Y~rJ�� 1 {�&Hr�Crk*y&7v�2�O�J&"�R�_ [23] �rT�*t�*�MWOJ*YbIw}�O��JR%2"�Rr*pr-OH2y�rK�*�MWOJ*Ybf>�� (edge-on) �*pr5l�J%� ℄�A#�>;".Æ"� (dark lane) �

� 1 �s�Dsl+� LGr*!`#'K'#�S�` [23]MJ&�.T�&H�CX�&&�3�6)HrCtr��1.e�{C�h (f 100 ∼

200 AU) �&v�h (bhM{%&v) G1I:Z_;=&Y~rJ7b�&�rO�!I�I&Y~rJ���CeYZ*~rzr�w�tFq℄>�*�,C&/*)b OFq)b ��.�&r1D>�7"e)6)DKJ&��U℄7bD>zr~r&;J (f 1 AU)�U�H�&Y~rJ!I&/)HI�r��Z�g&.I<_�7"�:7r (IRAS)�2 µm���� (2MASS)7b7"Fq�:y (ISO)1A#��zal&�_C|��R�x#r�_7""^*V�t℄>�&�[Y*1I.<&*V��Spitzer 7"7r&%���BMY~rJ&�&��z.x{o&<_�Spitzer<pz IRAC�IRS*MIPS�x6)4f�7x#1(p&�&^7I2P�a* c2d(From Cores to Disks)* FEPS(Formation and Evolution of Planetary Systems)OY~rJ�&'qZ
��� 2MASS * Spitzer &�_�Cieza *� [24] �.T�=z�PZ TTSBI`MY~rJ&����7"HI&r,�_ORDJ&R;�U (*prOl�&8E+#�q&U℄�f 0.1 AU)"Ial&_�j* COg� [25] ��CX�c2d^7hPr��*�& WTTSJY*V%z0��|��� Spitzer&�_�w#V%z�v WTTSr�7"**7"HI&�[C|� WTTS �I&�[z|*�w#�"zJ*F?*~�r&�-��=z WTTSJ�r.xZM!I&�F�I [26,27] �\!JH~rL�zr&�Df [28,29] �6)Hb7"HI&jve)DK��v&�_6��=x#&�r [30] �
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FEPS^7hPM\!J&�&\f0���� MIPS 70 µm &�_�w#USf 10%&`{%6�r."\!J [31] �HerschelFq)b 6)~Wrb7"HI�M\!J&e�\fIi�DEBRIS(Disc Emission via a Bias-free Reconnaissance in the Infrared/Submillimeter)^7zr 446 ? A-M vr1.e�\!J&�rGV%\!J&{C�8C�&v*z|�H
Herschel�r�&\!J�.n*pr&C���[v*!I&/3^7�n^7&~_�_r 100 * 160 µm �r�/Fq℄>�t? A vr (β Leo, β UMA) *.? F vr (η Corvi)1.\!J*&l�e)�a��RD� 3 ?r&\!J{CO{%L&>2M�{C (f
50 AU) Z� [32] �R��_& β Pictoris * AB Aur HCt~rL�&Yv� NaCo/VLT M
β Pictoris J&�7"r_�_���=zr3*pr 8 ∼ 15 AU �0~r6�zr [33] �Rr AB Aur &J*-�_"~&�r*~rzr&^e [34] �

� 2 ��:s 894 µm r
\'�`?Y�Ds�^),u��3�;o)J HST/NICMOS �8#!+�)�a [39] 

(�) $$H6)DKJ*�a&�U (�"J*J&**) �H
<J&YZ��&l�4g7b~rzr&/)HI� Ohashi *� [35] iF,:"&$$H
�M�P TTS 
kz+#�f1 100 AU �&v�f1 0.01 ∼ 0.1 M⊙ &�rJ&�r��k�rJ5�1HY~rJ�a;U�r�~~r&zr� Andrews *� [36−38] iF SMA(SubMillimeter Array)* SCUBA(Submillimeter Common-User Bolometer Array) M4rzr� Taurus-Auriga *"k ρ Ophiuchi *�v&Ctr���~z�_�a��-�=Ctr��1.J�r&Z?��w#{�zJ&&v (f 0.05 M⊙)�{C (f 200 AU)�℄FzJ&YZO*prt�&!I�I�q&
L�G��A/ (�) $$HI&>[�Z (hM 3) �"zl�4g&�-��k��BB5�A#MY~rJ&z	}n0���k�t℄>�&q	[r��_>;xJ&N��Wolf*� [39] �� SMA &�_%"z?9r (IRAS04302� 2247)894 µm q	



� 2 ` ��(�+�Z�sK'�'�} 153�[&�_��� 2 tD�A#D7*xG/℄>Y~rJ�t℄>�& (�) $$H)b �<1A#��z�&\!J*~rzr�w&IiÆw�R��Corder *� [40] iF
CARMA (Combined Array for Research in Millimeter-wave Astronomy) * CSO(Caltech Sub-

millimeter Observatory)M HD107146℄E�~z 350 µm * 1.3 mm &r��_�JrtxHg�&Fq��5℄>��$$H&e)B-l�f>Mq/℄Qr3*prf 97 AU &tx�J*�l�&�J℄Q�Dr3*pr 45 ∼ 75 AU &5#�~r6�zr�l��HHMS"~r&?oWFX�MU9n=�	>|�vS�J℄Q�
3 �℄_S (SED) ,L2x
3.1 ��la��t℄>�&)b >�_J&*UN���R~6)�� SED �&J&���rp-&J0vX�%���A/ SED %"0v*&YZ��R��.YV1I.<&*V��
SED H�PYZ (�J&w}�{C�z>�l�&r℄�*pr&&v*) 7<���A/
SED %"&YZ((1ItG���|- Lada *�MCtr��&℄`�II `^& SED 2L�I2o&7"j�>2&/F*pr&1�[n%J&�e)[A/ [8] �7"HI" (�) $$HI� SED �f1(�zC νFν ∝ να(a* ν BDS�� Fν BDr ν �&�v� α BD[�Z) �Rr�U℄^& α hM 3/4�Ik^2 OBS�U}& SED [21,42,43] �nBJ&5x!I� SED&z|

� 3 �Dus	�'?\^R�}�Dt��JK9d 2MASS � IRAC � MIPS t8#JK)a��℄5JO8KjBp�=)Æx�Q?YJOB�^y) Kurucz [41] 6u�i3y��D,qu)�}f+
b, Sz129 � RXJ1615.3–3255 - Sz84 3 CTTS,

RXJ1603.2–3239 3 WTTS 
℄/ZJ Padgett [26] 




� 154 �������	�;�����}������� 29 6�-TOL/o= (�� 3 tD) �;J&g **pF?&d4T��7"jg9 (�� 3 *& RXJ1615.3–3255)�~&�Sz�*7"HI&jve)g9 (�� 3 *& Sz84) �r\!J�I��>�_"b7"W�$$HI&jve)�
3.2 ���|-J&n�[%�Jff5℄1�6=JÆ*�5=JÆ�J&n�[%6)It.�1.�?o>&z(' �rC&5*prH\&�w*�?o>)TK[�K[&?o>D7n�J����.[%V%>v&J5q1�6=JÆ�1T�*pr&�)�J*&l�HN*pr&e)�JS��J1�5=JÆ�-5q1��)JÆ (irradiation disk) �=j%�t.n�[%rJ*�<�r��HrO�&<_*ÆwO�t.[%t�&/5TItO��?o>&z(' n�rH\�2�&!Iv_W�r;J/)�RMM�PZ
CTTS ��)J0v>2&/	K�_�
3.2.1 /1+.

Lynden-Bell * Pringle [44] O��� TTS &7"j*D"j9HH\d4�5H\&C&r*prB*zr:
b (boundary layer)�?o>&.+r:
b�K[�d4D"j�
.+FXn�J*l��BS17"j�7"j*D"j&L�CZ*�w#{�zU}&><|H\J0v&#b8C℄Q� T (r) ≈ r−3/4(a*� r �B"*pr&3� T (r) �Br r �&8C) ��MBJ (face-on) &�_��N"&e)�v1 Fν ∝

∫ rmax

rmin

Bν [T (r)]2πrdr

(a*� rmin * rmax ℄EBDJ&;�"+#� Bν [T (r)] BD8C1 T (r) &Z℄E#Z) �R>[�Z α 1 4/3 �b�M�_&%V� 3/4 � Adams *� [45] ��� TTS &7"jHl�?lHN*pr&Dv�kRq7gHe)&���w#gjzU}&�)J0v&#b8C℄Q*>[�Z�a��O Lynden-Bell * Pringle &��.!��O�_Oh�
3.2.2 ,)5+. (flared disk)B�HU}&H\JOH�)J�0vW�&7"jBb-M�PZ CTTS &�_��aY<6)HU}J0v&#b8C℄Q�MAp�)O�_Zh�))ynJ (GaH"J)&8C�..H�&UVH?�U$>&J�U$J&�t h n r &yn5x=��<RJOT.�0zU}&z>� Kenyon * Hartmann [46] ���r<���Yb%&���oÆU37;�J�SU$z>H.xH�&���p-J*&g�*l�}℄U/�r��Yb%*8�&ÆwO�'C℄Q�1 ρ(r, z) = ρ0e

− 1

2
[z/h(r)]2(r/R0)

−a(a*� ρ0 BDr5.XA+# R0 �&'C� z BD"J**&��tC) �J&�t1 h(r)/r = cs/Ω(r)(a*� cs* Ω(r) ℄EBD*83g*�;gC) ���J&8C1(�℄Q T (r) ∝ r−q �8 J&�t1 h(r) ∝ r(3−q)/2 ��8C℄Q�1U}J0v&�� T (r) ≈ r−3/4 �8 �tn r &=I
L1 h ∝ r9/8 �U$>&J>�HN}P&*pre)��8C℄Q=%UP�Rd4}o&7"j�r Kenyon * Hartmann &U$>J0v*�*pr&�F���)"J&B*��"���01 1 &
*X5l�tHN��b
*�P5MJ** (midplane) 7%& 3  5 x�t5#��r�k5#�Jt"C&`'��HMHNz*pr&�F�8C	2t�zrzJ&��{Æ�
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Calvet*� [47] <�z.xH\�><&��Æ9&�)J�O�[N/gjzJ&8C℄Q* SED �n;�D’Alessio *� [48] Lr<�zP.>v;3�w (e)�M����*) &yMO��&z�)H\J&8C���w#�����{Æ&8C7;UJ (interior disk) &8Ct��R���<<�?o>&z(' WF<�J**&8CTIt%8�U$>&J0vO�D7A/�PZ TTS & SED �Rr��{Æ&U)OD7	K SED *�S&.k℄FU)W*l�&U)�� [49] �

Chiang * Goldreich [50](CG97)  |z Calvet*�&�&�r���oÆU3ÆwO�Hk/gjzU$>�)J*&e);3�w�n0zA#MJCe�� (GaHJ�SU$z>) &e	�w#�����{ÆH�Æ/&�HMHN*pr&�FR=%�j�Æ (U3<&8C�M1�p-<&8C)�l�zHN&>v.+brjFqe)�
.+bJ&;Ue) (�� 4 tD) �w#gjz��{Æ*;UJ&e)�v�a��B-���{Æ&e)6)r*7"HI�;UJ&e)6)r (�) $$HI�t�&�/qn%*pr&1�[2&/A/z GM Aur & SED 7b�i�?lr 9.7 µm * 18µm �&�	U)���
� 4 Chiang + Goldreich s 1997 D��'V%?'�*K1w (CG97 1w)

R∗ DF,qu)-%� h DFM)Au��YDFM)�}���-$�)u�?Y�s)W`DFM)=W�`W)5HYDFM),+ [50] 

3.2.3 2-*3 (inner rim) +,)540.�� CG970vr�/A/z�PZ TTS & SED��r	K HAe/Be r&�_Z-%V"zN:� HAe/Be rH**&v&Ctr���I2o&7"j�Meeus*� [51] iF ISOV%z 14? HAe/Be r&7"�[C|�w#|- SED z|&O�z HAe/Be r℄1 I * IIt`�1 I ` HAe/Be rI2o&b7"e)�1 II ` HAe/Be r&b7"e)�v2h�t` HAe/Be rr�7"HI&�vB2��a�C�"L�C& 25% �Rrr�� 3 µm 5#�& SED �S.x�d (bump) �O�Hy�J&&vH\� [52] OH?�.b&e) [53],

CG97 0vBO>	K�7"&t�C7b SED *&�d� HAe/Be r�7"j&d^.�H�&�3� Berrilli *� [54] �1 HAe/Be &7"jX^M.xM�*pr"IHu&�l�&{C�ROHJ�Millan-Gabet *� [55] x�1o&�7"j^M.x*pr&31 Rsub &M (Rsub BDl�&8E+#�l�r��S*pr&o��)R8E) � Chiang*� [49] rPxY*o�z CG97 0v;�A/z�? HAe r& SED �w#���U$>&�)J0vm�O>	K HAe ro&�7"j��r*7"*b7"HI&e�W�O�_



� 156 �������	�;�����}������� 29 6�Zh� Natta *� [56] 9;"���l�J&�;U℄r5x+#�5�L (?�.x*pF?) �Jzzr.x;:`�;:`�MB*pr�M*pr&iqX.2��<��r�'+#&5#�;:`>�HN}P&*pr���a8C7 CG97 0v*&;JU℄t2P�
Dullemond, Domink * Natta [57] (DDN01) |- Natta *�&\V�M CG97 0v�~z�o�r�/	Kz AB Aurigae (HAe r) &�_Z-��� 5tD�w#�1�r HAe/Be r*�H\�2-�r��*pr&5#�J*&g�M*pr&e)H�/&�l�<t8R8E��"r*p Rin(r Rin ��J&8C*Ml�&8E8C�f 1 600 K)&/YXF��zr.xX�&;:` (inner rim) �;:`�MB*pr�>HN�v&�F�"2t&8C�r��Yb%.| (puff-up) �t8&;:`M�7"HI&e)�U2��r:`;*�J�S.x=C���r=C�;&JO>���NXH*p&�F�8C�-�!�J5xNr��"r3*pr Rfl �XRj CG970v*&U$z>�Dominik*� [58] F DDN010vr�/A/z1 I ` HAe/Be r& SED � Tuthill *� [59] r HBe r LKHa-1011.USz.x+hz>& (half-moon shape) yM�1;:`&�r��zIo�-�nBl�?lOL/4g*(J**�o|�.|&;:`d4&=CzO�"J��HN*pr&>v��"�HMJ*l�'C℄Q&Y<�"Jr��Yb%&�0b-M;Jr��Yb%&�0��L�%"J&a	}1Ii�"J&8C5x|-��z�;:`7"&J�U�r=C��*�U$>&U℄g9� Dullemond * Dominik q�.J1H� &J (self-shadowed disk) [60,61] �1 II ` HAe/Be r& SED >�F�.J0vn7	K [62] �U$>&J"H� &JWEzl�&4g*o|�HY~rJ&H�!I�}�

� 5 Dullemond, Domink + Natta s 2001 D��'V%?�*K1w (DDN01 1w)�$)�Y�D CG97 3y)�T�Y�)Æ?Y�D=;a�=;aR,qu�s}u0y,qH� (inner hole) 

Hrim �D=;a)uE� Hcg �D�}�)Au� Rin �D=;ad,qu)4d� Rfl �D DDN01 3ySkW&}�)6$
t Rin R Rfl �s�M}u0y>D� (shadowed region) 
>D�=)M7+��=;a-#M)f+d=Q! (radiative diffusion) o� [57] 
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DDN01 0v.��rOL&U|*o�*� Isella * Natta [63] �1�r DDN01 0v*�;:`&z>p-�Mt��;:`An�bMAz�ROH.*X�&�1�nÆ�Az:`&e)�vMw}1[h�}h/�_G=�Pontoppidan*� [64] z;:`&tCW1HHYZA/z�v&�_Z-�a��RD�1=*pr�F&n��;:`ON7d4�_"&7"j�O�)<�aw&n�[%��JbM*pre)&HN*qe)*�

4 L([\
4.1 %|�s} (Ṁ)H\�r&Io�-XHM CTTS &D"*�Æ�[��_US� CTTS &�{HNW!I��[v�A6�r&�{HNW0�5Q"&q	[� z.U℄�q	[&L�C�fH4rL�C& 10% ��U℄Q"&>v2:*prH/n7	K�Mf>O�rH\& WTTS &�_US�rO CTTS f>Z�&vWC�& WTTS *�!IUS� �{HNW&q	[��Ir�ro&�7"j<�Q"q	[X>5�_" [65] �B-q	[HH\d4�H\:AM3*prB*fx R∗ &5#�C&�B
oWO��rJO*pr�qzr
b (magnetosphere) �R;��H\_H (accretion shock) "�*pr�
b*O�&g�d4o&�ÆU)W�?o>rH\_H�K[�BS1Q"&q	[ [66] �H\�C (Lacc) D7��_vQ"q	[W�ÆU)W&�Cgj��;HH\�CO&vH\��q&�
L Lacc ≃

GM∗Ṁ

R∗

(

1−
R∗

Rin

)

(a*� Ṁ BD&vH\��GBD'I?ofZ) gj&vH\���v&�&B-&vH\�rL�%nB*pr&=^ROL|- [67,68] ��� 6 tD [13] � (a) {�&H4rzr� Taurus * Chamaeleon I * CTTS J&&vH\��*�f1 10−8 M⊙/a � (b) {�&H Taurus *"k ρ Ophiuchi * I `^&&vH\��*�f1 10−7 M⊙/a �

� 6 K''wI℄�
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Gullbring *� [69] gjz1I)'CC�& TTS &&vH\��*�1 10−8 M⊙/a �O T Tauri ^rL�*6r&H\�.! [70] � Garcia Lopez *� [71] ��_ Bγ W&�Cgjz 36 ? HAe r&&vH\��%"&*�1 3 × 10−8 M⊙/a ���M TTS &���v&�&US [72−77] �&vH\�O*pr&&v�N
L Ṁ ∝ M1.0∼2.1

∗ � Vorobyov *
Basu [78] {�z	K Ṁ ≈ Ma

∗ 
L&0v�r!Iv_�H℄Fk(urzr&J7bn;JO.bq&ZBWFT�J*�SY������Y���nBJ&!I5xf���Hh	g\3Mq&'C�=A-�r�H'C�=d4&?oG+N7�= TTS *&H\�w�w#US�B�?oG+&H\� 〈Ṁ〉(a*� 〈 〉 BDM<q&U9) OJ&&v 〈Md〉 �q�N 〈Ṁ〉 = 10−7.0〈Md〉
1.1 
L�J&&vO*pr&&v�7 ξ O*pr&v��N

ξ ∝ 〈M∗〉
0.3±0.1 �<��&vH\�O*pr&v�q&R&A/
L1 〈Ṁ〉 = 〈M∗〉

1.7 �R�� Fang *� [79] �� Ṁ ≈ Ma
∗ 
L*&(�ZOt�&Ctr&&vX.I
�w#gjz L1641 * L1630 * 700 Px-M 1 M⊙ Ctr&H\��A/ Ṁ ≈ Ma

∗ (�
L;%"&(�Z1 2.8 ∼ 3.4 �b�M Vorobyov * Basu {�&U9� 1.7 �
4.2 %|&vH3v~rL�>drJ*zr&/)���r!Iv_�g�HJ&6)r℄�g�Ol�&&v�7Orjk*&�.'�f1 100 �gl&v7TnBJ&!IOL/=I�HMJ&{C�h�R7m�_-4&HW����zd4oC&JI�<����_J*&g�℄F�_vg�&&v\fN:�rJ&-8�U�g��:mBrl�?l&B*�d4q' [80](depletion effect) ���'ynz_vg�&v&N:�<��A#.*P_vl�&&v��;|-l��&&v℄Z�jJ&L&v��Hgj�f 300 µm <�l�&�e)H�/&�A#D7P_vl�r (�) $$HI&q	[�v��;|-
L Md ∝ Fν/(ν2κν) (a* Md BDJ&&v� κν BDr ν �&&vHNLZ) gjl�&&v�Beckwith*� [21] O�iF 1.3 mm q	[&�v%"J&&v1 0.001 ∼ 0.1 M⊙ �*�1 0.02 M⊙ ��R�l�&&vHNLZnS�&=I
LI2�&O
<��PHI&�_Z-B-�&vHNLZ (κν ∝ νβ) &�Z β 7rjl�&�h��D>Hl�&4gW��9iAwr ([v1 5.1�) �<����_v (�) $$Hq	[&�vgjJ&&v((�r2�&O
<�� Andrews * Williams [36,38] �gz4rzr� Taurus *"k ρ Ophiuchi *�v TTS J&&v�%"&&vX.1 10−3 ∼ 10−1M⊙ �&v&*�1 0.005 M⊙ � Hartmann *����HHM&vHNLZ&O
<*Y<�w#%"&&vE2��Rr((-�zJ&�=&v [81] �1z9) κν M&v
<&C℄�Vorobyov [82]��Mr1J&zrO!I�~Z�0A{�z 0�I�II`^*J&&vX.�1�1 0.09 ∼ 0.10 M⊙, 0.10 ∼ 0.11 M⊙, 0.06 ∼ 0.12 M⊙�R��Mann*Williams [83]�Crk*z 55xvS�"�R&Y~rJ�iF SMA_%& 880 µmq	[�vgjzx#&&v��kY~rJ&&vX.1 0.004 ∼ 0.034 M⊙ �a*I 6 xJ&&vj�Rh{%rk&v (0.01 M⊙) �{ChM 60 AU �O{%Lzr&~AÆw:℄Z�2D>zr`M{%L&~rL��

Herschel Fq)b :�z���&Y~rJ*g�&olX�xO�>�_Y~rJ��{Æ*&g�a	W��� [O I] �N��W* [C II] W�Rr>�_XHM��;J&
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CO *_℄FW� Herschel &/3�&^7 GASPS(GAS in Protoplanetary Systems) gFL�/�_ 240xY~rJ*&g���&g��.rY~rJ*!I*g [84] ���Mg�U)W&e);30A�GASPS&~_��%"z HD169142* TWHya Y~rJ*g�&&v℄E1 (5.0 ± 2.0) × 10−3 M⊙ * (0.5 ∼ 5) × 10−3 M⊙ ��<US�tx^*&gl&v7Bb-Mrjk*&� 100 ����=zl�&v�jJ&v&OA
� [85,86] �
4.3 gkJ&{CD7��O�HI&r��_%"�O�HI&r��_D>%"O�&{C��<r��_&��O�7MtF&DKC�l�&q	[e)RD&��2!'�Rg�&U)RD&��ZMd �"JD7iF$$Hr,4Ml�&q	[W�g�&U)W�~r��_�t℄>��$$Hq	[&�_B- TTSJ&U9{Cf1 200 AU [37] �O$$Hr,4�_&��.! [87] �M CO �5f[W&r��_B-J&{C1f) AU [88−90] ��R��KFq)b M )�&r_US�Crk*J&"�R{CD� 1 000 AU [23] �
Najita *� [91] ��A/ CO &	=U)WUS�g�J.�b;�."*prf 0.04 AU&5#�Rl�JxHM8EiA7g�J*pr&3b�
4.4 �kJ&n�[%6)I*pr&�)*?o>&z(' t.�Rrt.[%rJ*�<�r�<��J&���7�jo�8Cr�+#Yb*��YbBI℄Q���Yb%&8C℄Q1[MJ&z|*���Rrr5xtC�8CI.xR-� [48] �� 7(a) {�&HO�&vH\�&�)H\Jr+# 1 AU ��8CntC&=I [92] �A#O:USR-8C�&tCn&vH\�&ynR%8�B-z(' 6)WFMJ&;U***�J�N"&XH*pr&>vO��{Æ�: (flaring)&wC'qZ
�8Cr�+#Yb&℄Q7br��Yb%&℄Q8���Hk&gjX>{<�� 7(b) H Chiang * Goldreich{�&U$>�)J&8C�+#Yb&℄Q [50] �A#O:USU$>J&8C-R7U}J&8Ct�Rr��{Æ&8C7;UJ&8Ct��B-*pr&�)6)WFMJ&��{Æ�

� 7 (a) ,$2 1 AU ��Ks	�Z&'9D^R	>X�4X��X�4GXCE'wI℄�^F�2 10−9 � 10−8 � 10−7 � 10−6 M⊙/a 'hk�� [92] 	 (b) K'9D�,$Z'^R	�X+4X^FCE CG97 1w+'<VK+��|�'9D^R�>XCEV~K'9D^R [50] 	
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'C<�g�*l��S��℄/�t�&8COqZ���.yM6)U4r��{Æ*"J&**� [93] �g�&IÆ!I*Z
℄F[W>d5_U�Y~l�&4g7b��I�wBO8C'qZ
 [94] ��k	U&�&BYq�)}P&�_C|*e�℄F�R�
/{�Y~rJ&8C���
4.5 �J&Q.Hd�M~rzr<�HNL~r>dzr&X6Æw�A#D7���gO�C�&r�*J�S&S�X�gJ&Q.� Skrutskie *� [95] US�C�1f)'"�� 1 000 'C&r�*J�S&S�-RO|� Haisch *� [96] r L HI�_zC�IC1
0.3 ∼ 30 Ma & 6 xr�*&Ctr���w#US�nBr�C�&yn�J�S&S�5xu'�rC�1 6 Ma &r�*�f>�O"J�r&�-�J&Q.f1 6 Ma �Lada *� [97] �� Spitzer )b M�� IC 348r�*&Y~rJ�~zPHI�_�w#USrC�1 2 ∼ 3 Ma &L�*� 70% &Jr7"HI=%�/�B-�U℄hM 20 AU &;J6�5� �Hernández*� [98] �gz&�[v (�[v&M K5) Ctr��&r1Jrr�*�S&S��a��O Haisch *�&��.'��� 8 tD�r�&C�g��J�S&S�gh�rC�1 5 Ma & γ Velorum r�*�S�6|- 6% � Skrutskie � Haisch �
Lada 7b Hernández *�BHr�7"HI�&J&Q.�R�7"e)6)XHM;J�<��a��RD;J&Q.1)'Cve�R"J&Q.ZM�g�

� 8 Z�sKss�+�T'T�Ps�D��r'�M [98]�R� Skrutskie [95] * Duvert *� [99] �1�J&� �w.�:A�B�H;JOH"J�-B�Hg�OHl��ÆxJBTr2H&<�;5!	� Andrews* Williams [36]



� 2 ` ��(�+�Z�sK'�'�} 161�&�&�=zw#&���8�PZI�7"j&Ctrr�$$HI->5�_"�R!I�7"j&xO>�;J*"J&Q.f>.!�t�ZO" 105 a �.*R��*pr&vg��J&Q.gH [96,100,101] �*prC�g��J�r&D>�)g-��R�C^&r���rg�"val&JRCt& WTTS J2v)5!	&yM-fIU4 [27,102] ��k�j&�SGO1�<1wrJ5� &Y<I2P���z(H\�~rzr�*prWm��&vr&�!�U* [14] ���4r&P=�L->XLJ&���z.[%rJ&!I�w*BD>�S��OCtr��&�4M�'qZ
�ÆxJrz.[%&p/WFOT52K/!	�
5 n�An6iQ�t|t
5.1 e^x{i
d~rzre�whA#�l�?lzHrjl� ({�1�,$ve) 5x4g���g_&!I*jo&�w5xzr~r�-��A#An>�rJ*�"l�4g&�-�r=#L*�A#D70Arjl�&M��&l�v_&4g�w�r=j&�_*�A#6)���$$HI& SED X�&l�&4g�r�$$HI�Ctr��&e)�v*l�&&vHNLZ (κν) OS��q℄E�N
L Fν ∝ να, κν ∝ νβ �r�/p-**8�ÆwO��$$HI&q	[e)r�i�bG&�v1 Fν ∝ ν2κν ∝ ν2+β �<��[�Z α 1 2 + β �MM6v&rjl�� β f1 1.7 [103,104] �[�Z�� 4, SED &z>7�Ap�rJ*&t'�U�l�?lT��OL&P=z�5x4g�{�=� [105] �MM{<r℄*z>&l��a4gT� β �5x=h [106] �R� SED =%U}�<��A#D7��_v�$$HI&[�Z#�l�?lHd4g��R��$$HI&e)-ID>OH%��/&�.kXH!'&;J&�9e) (κν ∝ ν0 W Fν ∝ ν2) -D7uh[�Z��.�9iA�'>� SED =%U}�

Natta*� [107] �� PdBI(Plateau de Bure Interferometer)* ISO&�_V%z UX OrirPxHg�&e)�v�w#A/z 1.2 ∼ 2.6mmX.;& SED�%"&[�Z1 2.1±0.2�bhMrjl�&��w#��� UX Ori & SED D7Ft`J0vA/�1.`�h\;J (pebble disk) ��`J&&v��r�$$HI&e)H�Æ/&��_���zl�4g&���r�i�zb`VO�l�& β ��M 0 ∼ 1 �{�6�4g"f 10 cm �
.`H$$H�Æ9J (millimeter-thick disk) ��`J&{C2h�&v&tCa*�$$HI&e)H�Æ9&��9iA�$$HI& SED =%U}�J*&l�Orjl�.'�f>!I4g�
Testi*� [108] iF VLA(Very Large Array)℄Er 7 mm, 3.6 cm�6 cmHg�M UX Ori* CQ Tau �~z�_�w#&��O Natta *�&.'�Jr$$HI&[�ZbhM 4,

SED >2&/Fh\;J0vW$$H�Æ9J0vA/�n;&�v�_-%"z�'&�� [36] �t.0v&tG�A#O>�|-$$HI&[�ZU�l�4g&��� Testi*��.T���)�X�.tG�))rgHI ($$HWHg}g&HI) Fq℄>J&���
<J&{C*&v�I��9iA&C℄�
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Natta *� [109] iF PdBI * VLA M 9 ? HAe r�~z�_�a*& 4 x^ (HD 34282,

HD 163296, CQ Tau, TW Hya) r$$HI5Fq℄>�rI�z�9iA&C℄;�x#&
SED �>F�/&h\;J0vA/�w#r�/p-&X�%A/ztI^&[�Z�� 9{�&HU℄^&A/��� β �9hM 1.7 � Andrews * Williams [37] �� SMA &�_V%z4rzr� Taurus-Auriga * Ophiuchus-Scorpius * 24 xCtr��r�$$HI&q	[��U℄&r1J5Fq℄>��� Beckwith *� [21] {�&�C β ≈ (α − 2)(1 + ∆)

(a*� 1 + ∆ HM�0iA&o�^� ∆ 1�9U)O�/U)&7�HHg*J&��7<) �w#gjz"x^ro�z�9iA7;& β ��U9�f1 1 � Natta * Andrews *�&��B-l�rJ*6�4g�R�� Ricci *� [110] iF ATCA �_z ρ-Ophiuchi r�* 27 x II `^&Y~rJ��'��℄F$$HI&>[�ZG�/��M�k^t}℄>�&$$Hr_�_�w#���ra*& 10 x^*�l�?l '6�4g $${��

� 9 /lDus	�s (�) %%IJ'w?YJ DDN01 3y)il����YJOb&JÆx)B0���5YJB0��Y+d" (JCMT) Æa)�� [109] 
�� Spizter IRS &�_� Bouwman *� [94] V%z 7 ? TTS &*7" (5 ∼ 35 µm) �[�m��k�[zOZ���a*I 4 ? TTS &�[z>97�Ap��vnHgO|%2K����[℄F�w#���B<z�i�&{�O*7"�[&z>'qZ
�{�g��*7"�[gAp�t��q&�.
Lk&WEzl�&4g�*7"�[&z>OJ&��OBpL�nBl�&4g�*pr&?o�U$>JB*&l�5xo|"**��J5x�MU}�U$z>5xg9 [111] �U}&J�>�N'v*pr>v��#b8C℄Q=%Ap�R*7"�[z>-=%Ap�?l&4gO�WEr{�%�nBY



� 2 ` ��(�+�Z�sK'�'�} 163�~rJ&!I�l�?l&;U��-T5xHY~&`rjl�=1��v?l��.��I&�w6�5t℄>�&*7"�[�_Z?�= [112−114] �
5.2 ���fJ1l�&4g��z.x!�&et�r!Iv_�l�rJ*��OL&P=*z�
(O.O#bl3�o|*) �{C�,$5x4g"$��x�I�f�) 1 'C [115] �q��f 1 'C��k	�?lz5xzrrF�?o&WF�rM&rFZBH?� P=�/��f��f)'C� (Y) ~rWg�0~r&()zrz� (Y) ~rOL/H\J*&g���"rJ*zr.x~��<d4Y�'CH�~&LCf1f AU �\!J& )��_���=z~&�r [116,117] ��� Spizter IRS MaJ&*7"�[�_-B-~&�r� Brown *� [118] US�ZMM�PZ TTS JR��aJr*7"HI&�vI��&�9��.�9�>��J*�r~�~	K�
6 � TY~rJHM�rCtr��1.&g�l�J�H℄Fk(urzr4r&H����k(r~A<WPW'B�IH;�x&�.TurTzr.x<U&\J�.b*&C&OH��8�*p�RHPO�"J%�n;��H\"�*p��v&�-�=Jr4rzr�w*Z?�r��Ctr��&7"je)��KFq)b �_"&J&"�R���tFq℄>�&)b MJ&���_*�z.z'&J0v5FXA/Ctr��&
SED �a*�7�rU&J0vH Chiang * Goldreich r 1997C��&1Ij���{Æ&U$>�)J0v�w#&0vr�/	Kz�U℄ TTS & SED ��r	K HAe/Be r&�_Z-Y*V"zN:� Dullemond *�r CG97 0v&X�%ykz.x1I;:`&U$>�)J0v�r�/	Kz TTS * HAe/Be r&�_Z-�J&YZ>}n��/WEJ&��*�&��kYZ.O&vH\��&v�{C�8C*Q.*�J&&vH\�**prt�&!I�II
� CTTS &&vH\�f1 10−8M⊙/a �R0�^&&vH\�D77x�txve�J&&v1 10−3 ∼ 10−1M⊙ �O{%rk&vZ��14`{%~rL�zr&X6Æw�J&{CI��&O
<��O1�tF&DKCI
�f1f)x
AU �J&8C6)1[M"*pr&3�X.�!1 20 ∼ 2 000 K �r{<3��8CrJ&��Yb%-I=I�J&Q.1)'Cve�xO2P<fI
�-OO�&� [%I
��z(H\�~rzr*�!�U*�7m�6�I�v&�-B-l�rJ*5x4g�r1J&Z?�r�l�4g&�=7b{%L"~r�_Z7&5xynBRD~rL�OH{%L&:i�RHrS4*Z?�r�Y~rJ&{C*&vB7�h�M�_-4&)~\ft�MY~rJ&�&���r�P?��"7m1��!I�.&J0v>	KtI&�_�t
<&JYZ��I��&E�MY~rJ�~℄F[W&�&�VM'v��&Ctr���MJIÆ&�&ObbO��t��&t.~rzre� ((H\zr~r*J&O><�p~zr~r)O!Ir�_%��%"�=�)	7�k?��)}t℄>�O�,C&�_�A#K)
Herschel 1Y~rJ&�&U�}�&�U��<_� ALMA &yr* JWST &%��
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LIU Yao1,2, WANG Hong-chi1

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

Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Protoplanetary disk is a rotating circumstellar disk of gas and dust surrounding a

newly formed star, such as a T Tauri star or Herbig Ae/Be star. It constitutes an integral part

of the formation of protostars, being a natural result of the collapse of protostellar cores which

have initial angular momentum. At the beginning of the paper, we give a brief outline of how

stars form in molecular clouds.

Evidence for the existence of protoplanetary disks around young stars, both from theoretical

modeling and observations in wavelengths ranging from optical to millimeter, are presented in

Section 2.

In spite of major developments in spatially resolved observations of the protoplanetary disks,

much of our knowledge of their structure is derived from modeling the spectral energy distributions

(SEDs) of young stellar objects. The third part of the paper focuses on the SEDs and disk models.

Disk models have evolved from geometrically thin and optically thick disks, through geometrically

flared and optically thick disks to radiative transfer disk models in which the disk temperature

and vertical structure are computed self-consistently. Physical disk models, such as CG97 and

DDN01 models, can interpret not only the SEDs of most young stellar objects, for example the

silicate emission features present in the spectra of many T Tauri disks, but also spatially resolved

data.

We summarize the derived disk parameters in Section 4, such as mass accretion rate, mass,

size, temperature and lifetime. These parameters can help us to understand the structure and

evolution of protoplanetary disks.

It is generally believed that particle growth in protoplanetary disks will lead to planet formation.

Observational evidence for dust growth has been accumulating � such as a lower dust emissivity

index for dust in protoplanetary disks compared to interstellar medium dust. We discuss these

evidence in Section 5.

Finally, we briefly summarize the unanswered questions and prospects of protoplanetary study.

To date there is no unified model of protoplanetary disks that can interpret all of the observa-

tional data consistently. In observations only a small number of disks around nearby T Tauri and

luminous HAe/Be stars have been spatially resolved in a handful of molecular lines. The chem-

ical structure of protoplanetary disks is still unclear. With great improvements in their spatial

resolution and sensitivity, the next generation of telescopes will gradually uncover the remaining

mysteries of protoplanetary disks.

Key words: protoplanetary disk; young stellar object; spectral energy distribution


