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�����������������������
���� �!� " #$� TTS
%&' (CTTS) ��()� (WTTS) ���* �+,�-
�. /� 01� 2��34�56789-�. " TTS
:;< X�=>?@*/=>A�B
.�CDE�FGH�� � .
IJ'�� KLM7NO9-�. " PDQRSP T Tau �

��T�?UVWX�!� 01
��T� (T Tau Sa, b) Y�Z[\ 9]^/_`�<a�
. " bcd CTTS!e�f� FGH�g^'<hi.?@* TW Hya !
jkl�/N89-�
mnop�qr/st9-�. " FU Ori �� (FUor) 
ku<vw�xy�<zw?@*�
!� �������� CTTS{�|}�� �* /#~!� /� 2-��* �6789
- TTS��������34�NO7_`�<a�. " 0����FGmn���k�
<��?�, ��^�������B.����-���."

1. ������

(1) �� TTS (CTTS) !"�� TTS (WTTS)

#$%&��
T Tauri �� �TTS� � G�����M���
�������� !"#�$�%&'� (0.5�
2.0 M�) ($�) Ha*+,-.�/0�1
CTTS (Classical) 2 WTTS (Weak-lined) 345
��678�9�: ;<1 CTTS� Ha+3,-
.� 10 AÕ=>1 WTTS�?8=@2�678�
9�)A3BC3,-.��D��EFGH1 K

�3 10 AÕ=@��M�3 10 AÕ=>2��IJ
KLMNOP�QR)$�: TTS3 Ha*+�S
TUV3W�XO3YZ[(\]781 *+^_
3`9�STUV3ab3_c9�/�2de�
8�9�: fg+���hiHjk9�� CTTS

2H�l81 STm)nO1 ^9 Ha*+op�
)1 qr22E�STmE@)0� Ha*+^_

osL7tP)�WTTSou�� !��v�
29w3)xyzP{|($�:
�� !3k9}~ (YSO: young stellar ob-

ject) �;<1 fg�����������
(SED) �/0���� I, II, III 2���8�9
�: ��� I3 SED���22E���QR�
$�1 ��fg+�3"#�$�2de�8�9
�: ��� II�������+)���j��
���sL��1 ��� III��~2H�fg�
�)%9: Furlan�1)� Spitzerfg���/0�
�wH��\]��3��� II, III 3��59
��D�� ��� 5�36 mm� o�0j: ��� II

�3fg���STUV ¡($�2{P781
��78j 85¢3��� 4¢3WTTS2 6¢3
(C£W) ¤�E¥¦(9�)1 ?3M§��
CTTS($�:�j1��� III�fg��)LP
O1 UV$�9�¨���3©ªop�: WTTS

��«�A3����¥�8�9�: A3��¬
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�� TTS�������	���
�� ��
��������������������
CTTS��WTTS����������� !
��"#�$%�&
'�� Gras-Velázquez and Ray2) � ISO(

(Infrared Space Observatory) �)*$�+,�
%- (Oph)� �+- (Ser) ./�012�� 12

3�WTTS� 63� CTTS�456789� :�
	 4.8�100 mm; �<%� 78
=�����$�
Ha>?���@�& A�B�� Classical, Weak

/C�� TTS�D�.78
=���� Ha>E
���F���G.H���I�J.�*�&
WTTS��K�78
=���L���MNO
�PJ$� A������ 3 Myr���Q%�
RSJ$%�& ��B��� HaT>E��)�
CTTS�WTTS��������.G��.%
�Gras-Velázquez��U��� ���Furlan�
�B!�V.*$%�& ��B��,%$ Gras-

Velázquez��"W�X#%�YZ$%�& $�
�',�[%\��$ CTTS�WTTS�&]^
_�`SJ� ab�c%�)*$���'(N
�*��6�.%�./O��$%�& ����
&]�F7826 ISO(� Spitzer(�9�
B��.d��)e.c%NfJ��6�ge
�& TTS���=���Sh"i�)*NjPJ
$%�&
(2) X��������	
��	����
	
TTS��� X>+k� 1981�� Einstein(
�)*$�YPJ$l�� ,-�&])e.mn
o���+k6�ge� !�J$%�& ��
�� ,-��@�� X>p�� 103.��� qr
stu��K.lv�w%& ���I,-xUy
/�mno��V.*�z{N0|PJ$%�
N� �JS6� X>(6�}�~%x�	�
~%�12./��mno��3�~ S6�5
6%.�*�& 2000�4�.*$ XMM-Newton

x Chandra (./�)*$ X>9��w�

�� w~���)*$��%^4��!�& ��
��0152�6�� COUP (Chandra Orion

Ultradeep Project) :Preibisch �3); x�e�-�
���6�� XEST (XMM-Newton Extended

Survey of the Taurus Molecular Cloud) :Güdel

�4)� Telleschi�5); ./�7�.qn�����
���I$%�& AJ�)*$mnoz{���
�	��x�8z{��~PJ�)e�.��
X>+k2��3���%!�N�S*$%�&

Preibisch�3)� COUP9�� TTS� X>+k
N�9���mnoz{6�������$%
�& COUP� 1:}��~%��C� �����
;� 0.5�8 keV 6������< (Orion Neb-

ula Cluster) �= 6003� TTS�����& �J
�� TTS�,%$�>�?_Uy/ :MS;
������� X>p� (Lx erg s 1) � MS, TTS

����¡�����@¢��N�MS�Lx£
1026�1028�6� TTS6� Lx£1029�1031���i
7�%& X>{�qrstu��Uy/� 1�
10 MK�6�� TTS� 8�50 MK�x����i
w%A���& S�� TTS� X>¤¥����'
B�wu�Cu� 21�6�¦6��N� wu1
�� T§10�50 MK, Cu1�� T§8�10 MK �
¨���& wu1��u�� X>E�����
v©��ª«���& �J�,%$ Preibisch�
�� Cu1��Uy/��¦�mnoz{�q
rst�D�� wu1��7¬E.®¯���
)��O��$%�&

Telleschi�5)��e�-����6�� XEST

�F%$ CTTS�WTTS� X>p�����<
%� WTTS� CTTS)� 2.�/7�%p���
,�%e���9��G°±$%�N� /C��
X>E�N�¡��)+²+kp��H%H
���������� X>+kNmnoz{6�
����G°±$%�& S�� Güdel�4)� XEST

³�´µ�� CTTS :88;� WTTS :73; �,
%$ X>p�� qrstu��)+��¶�
�·¸n¹�S�I� HRºv��±��I�J
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����� ������	
��
 HR��
CTTS�WTTS
���������	���
��� ������ Gras-Velázquez�2)
��
���� CTTS�WTTS�����	����
���	� ���!��"# CTTS$�WTTS

%���&

'(���)	*�+�,-��
��.��/0���

Telleschi�6)�1�# XEST2345
$�
�6�� TTS 7CTTS 48# WTTS 489 ���
XMM-Newton:8�.�;�<�= 7>?@
A3�B 0.2�10 keV9 ,C*���� �
 XDE
�� O(VII, VIII), Fe(XVII, XXV), Ne(X), Mg

(XIII, XIV) 	F�G
H�ID�J��K"#
���� XDL
�M��N��E�OPQ
���RS������ Telleschi�����
I
D,���T�8 (CTTS) ��T�8 (WTTS)


�M# K.U(V�P
��	F,RW��
��� OVII 
XYD (ll21.6, 21.8, 22.1 AÕ) �
OVIII 
Z�D (l18.97 AÕ) 
=�� L(OVII)/

L(OVIII) $��[N�,�\�T�8��N
(2.5�3 MK)# �T�8�;N (3�5 MK) ��$
���# ���T�8
]^_P�����
�
�T� `L��	����� +!# (V�P�
� Ga8� Febcd���# K-Ma8�� Ne

bcd���	F# T�8$# �T�8$."e
�=a�f" ���,-��� Tellischi��
TTS
'(1��g���	��# T�8��T
�8�T� �h������&

i�&�j
k,������
T� `L
 XD�l��# Kastner�7)�m

#�	 CTTS
 TW Hydrae 7n�9 ,$���
Chandra:8
;�<�=,C*���� �
8
� Telleschi�
���%&� 1.2 keV (o10 AÕ)

pq
'()��G
H�ID,-����� �
��
ID�rs*8
tuv��w)	*��
P�,- �# xytuv`L��	Q��� +
!# XDz��{|}~N� 3 MK ,����
�3�,-�# rs*8
 2�20 MK�$��


��$	>?@A3���������� Kast-

ner���
�3�N�� HaID-$���Q
���./q0� 150�300 km s�1 
���.�
12��'
N��%3������$�# �

XD�T� �84��/q ����5�Q
��e
�RS���� 1�# XDE
IDz�
�	F$��6Q��7��89�tuv`L�
�M������Q���$� XD5�E�T
� �8��: � ��c_��c_� ��	�
$�e-������
1�# TTS��8
��!�� � ���c

_ , XDL� �8e"� �� Güdel�8)�
Chandra:8�.��=�;���.*�m#
�	 CTTS 
 DG Tau 7K5a9 � <	 XD
��c_
"�,¡���� ��c_�=>�?
¢
@A� 5B£xF¤U�K"# {|}~N�
3.4 MK, XD=� 1028 erg s�1,-����� XD
���c_¥C
x$��c_¦DC# ��§
�E�A
��c_`Le�¨Q����� +
!# 8F7
 XD�©G 2P���¨Q���#
GP��tuv`L# ©P��tuv
^ª«m
#�`¬ ������������

2. ���� TTS: T Tau�� TW Hya

�
2.1 T Tau ��

T Tau 8 (K7V) � 1852H� J. R. Hind �
.*�I�Q��JKL=8�,�� HindL
=8®�¯6��E�8®,M*���� L=�
�GHN
�M���$	L#�# GO$�G
°±N
P²�L#���� Ismailov�9)�
ShamakhaQRS�K����<�=�� (1971�
1979)
³T,¨´�#HbIDUµ-�8�V�
�����2�5WxFX�\	�¶�,·Y���
1�# 8�V��²¸��Uµ-�G¹¸N�
Zº ���e�"# �
:I�	IDZ-�»
[$�
T� �84���: �¼
�c_�
�c_�`¬ �
��	�$�-������

QR±\ 2008H 6±336



1982���������	
������
���� T Tau ��� T Tau N, ���� T

Tau S ���������� ��� T Tau S ��
� !�"#$%&�$'��(�)*+,�-
���

T Tau S ��.�/0��1.�*� �&%2
�� T Tau Sa, 3%2�� Sb ��#$%&� �
� 2����4$ Johnston.10)�56 !��
&�'�78���9��:��;*$<&�
78=>? 88@A�B (mas) (aC18.8 AU),

78DE PC31.5��
�F� eC0.59, 78GHB iC32�,
9�M

�

(Sa)C3.2 M�, M

�

(Sb)C0.7 M�

T Tau �4���I�J 1�K'�� ���
Duchêne.11)���� Keck II	LM$NO��
�J$<&�J�P� 2002� 12Q�R� 2003�
12Q�NO$STUV�W�����XYZ$
NO���� ��J$� Tau Sa � Sb��&��
[%�\
��&� Sa�� 2002� 12Q�� Sb

��*]^_�_� 2003� 12Q�� HXYZ$
`a���%�%� Mayama.12)�bc&	LM

����defghi (CIAO) ����D��
jkl�m�NI�n���o�� Duchêne.�
p�qr� KXYZ�;s&tuv (1998�
2005) �K^�%&� '���&� 2001�wx
� Tau Sa �� Sb��* 2yz2{�&1��
��|^� 2002�w}� Sa��~�_�t^�
�&��������%&�

Duchêne.11)���m�t��&����
(Pa, Brg) � T Tau Sa, Sb �o��YgV���
$2�|������Kb� ��%�����$
����� 300�500 km s�1 ��b&� �YgV
���� CTTS������.�&��$� ��
�����k������}��$����&
������%&� VXYZ��t���1&�
Brgtu� KXYZ�u1.}���� $
�&�$� Sb�$��t� 15yz�^�}��
9.2¡10�8 Myr�1�¢.��%&� Sa�$��t
����$}���£¤.��%�%�� Sb�
2�¥¦u��§����
¨�� Duchêne.� CO©ª�«¬��&�

T Tau Sa �®�¯1.�& “edge-on” °±²

J 1 T Tau�³m���I� T Tau Sa ��´�]^_ Sb��µ^� L, MXYZ$�&%� HXYZ$�`
a���%�%� 0.25�B�� 53 AU. ¶+��� P�·¸ ¶Duchêne.11)�*�¹¸
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���� ����� 2�3 AU	�
�����
����� Sb�������������� Sa

��� Sb������������ �!"
#��� 	 � Sa�� 1999�� K$%&� T

Tau N �� 0.5�'(	���)*� ���
�� +,��-./012��� Sa����34
�56#7�89	:�;<;��� Herbig Be

� AB Aur �=>��/�?�� �@
#
���

T Tau ��A# Herbst�13)� ESO (Paranal)

� 8.2 m VLT �BC����D�: (J, H, Ks)

�EFG�HG�,I"0J�� 3� (T Tau N,

Sa, Sb) KL�MNO P2 mmQR ����S
T�
��U�*�VWX0YV#��� ��
*���Z�[�A# 900 km s\1 �E]�V0
^K;���� �S�_�� Herbig-Haro�`�
a����6*��bc��*���� ���
�defgT�V� Herbig Ae/Be �0hi j
kl���
)a��� mn�opq� r�s
���t��a*/����
2.2 TW Hya

(1) ��������	�
��
6uvp7 TW� (TW Hya, K7V) �w��
<;�� CTTS P�� 56 pcR �#�)I"/�
 ��xq�� ��� 8�10 Myr�ay;��
��� ��z��� Setiawan�14)�{-��0�

a# � ������ 9.8��|�0;}� ��
� 0.04 AU���0~4 3.56����#���
�� ���K����g��������
�� ������# ���
����� Setia-

wan��!� "��0� 2�^�6�
��	����#���
# w������

�#��� z���r�s�E)� �$*�
Z]��"
��%�&��  i����
Setiawan�� ESO 2.2 m�BC (La Silla) ���
��I"����u�' 200 m s\1�]��Z0
( � ������� 100 Myr��z���#
��i�YV���� ���jkl�� 10

Myr ����4)��K��890�2��
��0^K��**�*� �
(2) ��������

TW Hya �U�*��+��,��0^K�
�#-����� ������ 10�.���
/��� �~/� 3= WX0I"K����	
¡	¡�¢�����
��# ��+�£¤� P Cyg ��Z0¥�

^#��� Dupree�15)� Keck 10 m �BC�
���D�Z He I l10830 AÕ� FUSE ¦�§�
���¦�Z l CIII 977 AÕ, OVI l1032 AÕ*¨�
P Cyg 0¥0©Aª«]1�+�89/���
#� Sobolev¬V23���®¯°±²0J�
E] (V³´400 km s\1)� Eµ PT´304�R �

� 2 TW Hya �YV/� �����"��� ���5�¶·Q����£¤#� �¸Q�,¹1�6�7�
��� �����,¹1�º������
��� PSetiawan14)���»R
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����������� 	
��������
���� 10�11�10�12 M� yr�1 ��� CTTS�
�������������� Dupree�16)��
�� Magellan 8.2 m 	���� � Ha, He I l

10830 AÕ

�!"��# $� Ha
�%&
'()
*
��
'()�+, 2.8�
-

���*
.�
��/0�12 ���31�4
�+,�05����� 	1�
 2
�6��
NLTE 7�89��:��;< =��#�2 !>2
?�2 @AB�65C��DEF�2 G�2 H
I��2 ����
�J�K������� 3

��2 L��
MN��� 450 km s�1�O�P*

=�
���Q�/2 ������ 5R10�10

M� yr�1 � S5��5�� 	1� TTS���
��T�5������� Dupree�
!6
�
��"UV�� P Cyg W#X
=�Y��
� SZ[$V�	��\��]^2 =�%
_
&Y`'���a ����

Dupree��L��
�THIG���� 30(
����bG
��������/2 	1��.
�)*/�^2 Johns-Krull�17)� HSTO�Ic
)d�e1$+,f
 CII, H2 (l1547 AÕ)


=�F�L��
G�� 10(��-gh2 ]3
�Z 1�3(�����i��\j�����
(3) ��������

TW Hya 
k.l/�0�"�F��F1��
Ratzka�18)� Spitzerm����0��! 710 mm

nop< �� �12*
 73q 6r5, 7r6< �
s4
 [NII] 
56.�F�%Id�HI
7
8��9�=��2 ���2 VLTI (ESO) 
 Nn
op (MIDI) tuD"�F�k.
l/�:S
������ 3
������2 k.��
0;
F�v�wx< 7=J 0.06 AUy�<2 ><k.
7=J 0.06�0.5<2 ?@Az{
|/^
}y�3
qB (0.5�0.8 AU)2 ]�~3
���]�3 70

AUy�|/��<k.����1�� y$2 M
><
wxB
$�/C��8�f�V��V1
�2 C���F� 0.3 AU�>�$�V��i�

�D������ 	1�
l/���2 E 2�\
�$I����F��$Y
�5 ���� 5
]2 Ratzka�� TW Hya 
GH� 10 Myr��2
	
�/ CTTSI�
MN,���JK�V�
�Lg�����M����� 3
JK�� (1)

%Id���o
��K2 (2)%IdN�
8O2
(3)k.
��
}y^2 (4)C�
�8����
3
5F��Z�MN,�5 �Y5]k.
�
�/NP�5�	�2 C��8
�QR
 S�
	��ST����� M�
U����$ Setia-

wan����C�
V0�65/ ����
(4) ��	
�

Yang�19)�Ic)d
�6�2 ��^kW
!���^kW!8�
XO�F���
 �8
� Bz������/2 �Y�Z�$Ic)d

2 ]�~!>�*
�8P��� �¡5��
/[�1����
!>���0�P¢£
 7Ti I, 2.2 mm B� 4

\< ����YF� Bz¤2.6¥0.2 kG���$/2
�-P¢£
 (Fe I, Ca I, Al I, 6,000�9,000 AÕ) �
Z�$ 6�¦
"���2 M§
 5�¦�¨��
�2 6�T�©]5�� Bz¤149¥33 G�_��
$� 6�¦
����TV�� 90¥17 G�5��
ªA2 *
�8P
��� He I (l5876 AÕ)2

Ca II (l8498 AÕ)F�^Y�1�� �F�2 He I�
��� Bz¤�1.67 kG, Ca II�����276 G�
�Y��_«� SZ`1���� He I�?�f
¬�g�1���/2 Yang�� Ca II����
?�
�F�®a�f¬/¯�V�
��5�F
\j����� 	
�
4�°±²³ 10� ��
�2 !>���b´���µY��¶�� ���
0� Ti

� 2.6 kG��´����2 �-P

¨�����´°/4�°� SZ±����$
·�cYV���-P
 149 G �deV���
±²³��� 83.5� ��� S5�/fg�5
�� �F�2 	
Az��´�hZ�¸�� He I


�´��/ 5 kG��� CTTS���� SV
¹���5�� 	��$�Y�
�iºRF�
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Yang�� TW Hya ���������	��

���� �����������������

������������ ���� ����

��	�������� �����!"#$
���
� %����	��
&'()����
*�+,�-
.���/�
(5) TWA���������	
��

TW Hya �012	��
)���- TWA

(TW Hydrae Association) �34)�56789
7:;�<��=���� TWA� 1997�>
Kastner�>!=��*()?@�A
 B��
8�10 MyrC� 25DE-F;G9���()��
�� H� (50 pc) >I��
�J���K��
�LM�N
�*()� ����- TTS�O
>I�� Riaz�20)� TWA�� 2P�LM�>
Q�� SpitzerR>!�2�ST�� HaSU
�V�W�� 1� CTTS, �� 1�WTTS

I�,�V*�X�?� ,)�Y� 0.5 M�DZ
�LM�> TTS[\�O���V]+^_�
�
I��
N?� Low�21)��` SpitzerR>!=�

TWA�>�a� �!b>c"d�� F;
G9 24�2��J (24, 70, 160 mm)Ve=?�
T�� 24 mm"
�2�#f�$%>!=� 2

&()�-� 2�#fV]+�/g� TWA 7
BM1�C� 24, 70 mm>h'�#fV]�� 70 mm


�,�()
�JaJ� 40*�+�(>,+
��i�  ���>$-��j�k.-ld(
)?� ,�>/�� Matthews�22)�mnop5
q0� JCMTrstuF9v9-wx>!��
JT� (850, 450 mm) Ve�� �aY� 0.2*�
Y�� j� 45 K�1?�yz{k.23���
V4|?-�  �}5~�l�N
>�,��
�=?� Matthew�� TW Hya, TWA 7D�>�
TWA� 3>1?�k.23Vld����-
��Y�����a���
� �6>�� 
-��+��i/��NX+��>()���
��

��� de la Reza �23)�F;G9 5P�7
>/+��	���� TWA567897:;�
8��[\V���� ���V 8.3�0.8 Myr

����?� ,)�<
I� TW Hya�,)N

����� (8�10 Myr) V9�������=
���� TWA�@����:;()��"�
�� �!b�NX�N=?4�"
I��

3. FU Ori


3.1 FU Ori �	
�������
FU Ori � BFUor�<�()���C �

CTTS��
�=>
)K��J�?\V]+�
�
I�� @��� FU Ori� 1938> 1��

6A�BJ�?I�#$���JVC�� ��

�	=J��� 1A���J>�iN=����
�`!/> V1057 Cyg� 1969�> 6A�BJ�
?-� 1980�>� 3A��J�� ��� 1995�
N
��DE�+�(VF=���� �)>/�
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8) Güdel M., et al., 2007, IAUS, 243, 155; Güdel M., et al.,
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6. Late-type Pre-Main Sequence Stars

(TTS)
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8322, Japan

Abstract : T Tau stars (TTS) are low-mass

pre-main sequence stars in the evolutionary state

from infrared stellar objects to main-sequence

stars. It has been generally accepted that the

classical TTSs with strong Ha emission are

younger part of TTS evolution than the

weak-lined TTS with weak Ha emission. Recent

infrared observations opened a debate on

whether CTTSs are really younger than WTTS

or not. Similar debate is also seen in the origin

of X-ray emission from CTTS and WTTS.

Infrared companions of T Tau (T Tau Sa, b)

revealed remarkable light and color variations

along with some jet-like activity around these

stars. In another typical CTTS, TW Hya, a

giant planet is discovered as the first planet

associated with pre-main sequence stars younger

than 10 million years. FU Ori stars (FUors) are

characterized by large-amplitude brightening and

slow declining of light. Thermal instability inside

an accretion disk is a candidate of the origin of

FUor phenomena, but yet debatable. Finally, the

roles of angular momentum transfer and

magnetism in the evolution of pre-main sequence

stars and accretion disks are briefly reviewed.
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