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(1 �4	�'q�EsM+T�Æs} 210008 � 2 �4	�'q�.�gqÆ+} 100039)���z">��x-����i�Z�rÆ�bRqV?z">����rVg.�4'YGlSqV?z">��~���i-�3�NS�">NXvw��$tK{��(%BYG>G�1Y\��n;�SL22">NXv���Cg3��G22���=m���C_s�)o%�?{��(%��:Y/��E��{���YG>G�*?">NXv��i�K�">NXv��=m1℄a{��(%i	�AxYG>G�,5m�>�{��(%TO��a�> ~z">C?WL#g�S��;^g!IaTm�1Y\��n;�SL�C��aTm�> ?I0a{��{��(%7xZd����d����~7�*������sk��������CS(-�d������i'1ii����>;xXd��IK���Wf���7��S{7��^*pd��A�}Y�S{��Gwzet}Y�lw�R'v�?Ml�AQ�?3p">��-��Vv�FG�d l _����i�YGv�z">����bqf�P152, P141 ��� ��[}s�A
1 �S��r��w}BXF�$H=��KXFu2eh��}XFuHL6�URfXFu�q����hz��'$ (young stellar objects)���z��'$��"�2.Q6�h���o
,������h��>Bf 4 kh> [1] �

(1) u�h>�XFu�u�$z4)6�|)�L6A=I)6w℄;.��B��u�� ~{y�2008-11-12 � 	j{y�2009-01-19km�u�	MI5�'<sdQwo (10873037)



� 4 � e'K��;�z">���S~���i-�3�NS 317��1Y}��P9�q1YPh��h9XFu��
(2) =��h>��XFu��uI)6Fv"�H_L6j���q��>�W℄u�2�`9`j���&dQqM℄2���B�#d�z=%Æ���vh	hu&=
�������h=k)`�����	�L6vo2�P9(�hj�W℄u��H��=IX.F6"fR����Fw}��9G�h=k)`��Bkv�fH_>��
(3) =_>h>�o
^4:�|0:��f-�Q6hH��PhIX�X.�Fv"fR�2��P�FwR}_>�P�_>�0�=d�_{��l�YD_�^4:z=y'�o2���.:�BL"�N�J�_>�}���h842�>(~8:�UR�}�ÆQ�H>{V^4:�d300�n�RF���=-z9?Rz�WX.��h.:=F����	IX.:6w0�_>9����	�L6vo2���P9C�Ph��F�qX�Y�9�MM�l [2] �
(4) M_X.+Ih>�.:=F}�=h>L"�}�=F`�[�URo���h�M_X.o,2����9X.A�X.6�a&�=F��!Æ^WW6	�2���3��2_>X.����NA����2���.:F6|Yk.���^�pD�wC��}��2�����IX�j�vA��q> 6S�=Irj>BFT���=h>k�j�:℄}<�Q��B�U=��.F2����-fH=!��##Pf}��'H<�Q�\W6wY������Ve�=-=:YBf 4 7�
(1) WrBP�-F}|X2z4Ve4#N�\W��7\Wwj��� [3] �
(2) rBP�-Fz4Ve�2HN�\Wwn����-X E z"℄|X B [3] �
(3) 1.#|X~��W#��5<v�h�� [3] �|��5�~�=-0Fw>o��"v��w|X�1B�5�~�RzYD8:�UR�}�Kp.2��5��4v`9G�$�r���6�5!�#�	N�:Ew MHz �W℄6$0&�5G8=;#��0��u!�M (Barnett effect) }=;RzPVe>|	�℄w�5�#�;G8.#|Xu4�u4�._�F6�)�5�Y!~��0�)|XvY�#m-#�;�mzI�XG�W�5JW�-|\W�-XX: E z"℄|XX: B �2j_}Ve�����℄

B �W℄�5}9z"RzP�.�F2J�)���Ve��B�7Ve=-UHJ���:_}�
(4) -F�XF���5�F5BBW��IW<vVe���EBW�wH3��}z"℄BW��RzP�IW�wn����}fBWRz:�yRzP�IW��wH3������9��w&��=#�}��!
RzP�IW�wIX�����9p℄�9k?< Q [4] ��IW$�o9/BW��B^�j�C2IW1MwzR��DIW��` λ4 hM/���Ve���`B^V~ [5] �_|IW1MzR℄=�o� – B^/�#�IW$��o� – B^/`�j�C2IW1Mw���y���o� – B^/`	j�IW�9`B^�?*~d�_{�Ve���`B^�~d<�_{ [5] �}���h�l2�2��Lw-9G��$G�J��X.B2��\W�IW�HJ���wVe���=:=-��R�������o
�QP�U=�BXH���}Y����K�����._Jr��nwW����}Y��'H℄�9X.����=7}Y���Ve=-wWBf�9$T0�W#��5B�n�IW [5,6] �{��-FIW�)



� 318 �������(�R�%�v��������� 27 �����`B^V~��$fF�XF�W\���5�C2IW�)���<`B^V~ [5] �}Y���Ve=-<�BwY!~��5�HJ��� [7,8] ���Jr��n (A�w���>) W℄�K��FVe���T�K����K���Ve=-w��K|X~��W#��5�HJ����n��Kp.�5�~�=-U#�ZY��o���Kp.�5�=7�v~�=-w#���5�	|.~��<T Davis-Greenstein =- [9] ��w�7~�=--�g�Fy�B [10,11] �H>AN�7~�=-�Y:"r>a	|.�/|.�du [12,13] ��K��`B^Y~����=.��B^r~(n�BR�3tr�
p(λ)/pmax = exp[−1.15 ln2(λmax/λ)] (1)e� [14] � λmax w�K��Q	jBM�B^� λmax =�R}�U�B>�}y!=B>�K��`B^XO~d p(λ) = p1λ

−β � β �	�} 1.5∼2.0  Q [15] ����}Y��Y`�K��F2�!(�=:Y 3 ( [5] �=w}Y���jQ6.�Hw}Y��`B^�~d��K���F2�Gw�DB^�6.��RM^6Y�B�#��(6}mkB^wJe.6�}���h��l2�z��'$6:D:T#-�9�$G��R�z��'$<Lw}y!=B>isr`	����J�y!=���Rw,�z��'$2.�?�Y��q�aQ% 2 pU>y!=���A�R℄y!=���R�% 3 pU>z��'$���B^r~(n�% 4 pU>`z��`�r~�!=MWu (IRN) �% 5 X[>z��'$�94/�����pU>A�0�����'�Az��=F�!^�Æ^�=F+4l�A�Jj}y!=B>F�U�`Sl�BAo
���dsz������% 6 pU>���h&0hh�����$��|X�b�% 7 wLk��D�
2 �{#?���:u�y!=���R�6�:}Do��!=�r=�bA�y!=�����Y����=:Y9kPheV��JU#B����� [16−18] ����JUB^QGw 1 ∼ 2.5µj���w=ky!=�����JU#B�0\\Ih�#���^��kv�H>|:TT��._�����JU#B�1 �+}�Jd3��<���!�s	,��ds�����\Ih}1F4���:$v}!PfoR�u>�9k;.eV�0YA+}�JU#B��b������ [16,17] �0������'�RW��9C����BR:d3����N�0��4�JU#B��^M+BBW�n�.-�-�n��R:�B=�BW�F0��Ln��R:�#B��rM/nH 180◦ ������.-rW���RÆ#R Stokes L: (I , Q, U , V ) ;sH [16] �

I0 = χ[I + QP cos(4θ − 2ϕ) + UP sin(4θ − 2ϕ)] (2)�2 ϕ H����RM^� θ w#B��RM^� P wBW�n���9� χ w����5�N��Pr���0�#�#B�'.-vQ	l9#U.B9��X:℄9�R:���}1������R:lrvy�	l9#�uW℄���V�$�.�F�y��R�



� 4 � e'K��;�z">���S~���i-�3�NS 319�BBW��b-zfhF�h�F�y��"j��R:~9�B�JU#B�}F2^M+f�=d��R: I0(θ) u�Q�HkKx�5�B$�BW�� Stokes L: (I, U , P ),�F����9 P ���RM^ A �R: [16]

P = (Q2 + U2)1/2/I, A =
1

2
arctan (U/Q) . (3)

3 ���D`t�*pu>{��-FIW�W\�F5�C2IW�h���=�:℄�R��'$��\W6�B^6.� T Tau ��$�y!=�X���,�~hW Hough �: [20] nr�����B^r~(nU7 1 ��7 12�B����} B � J B>	rH 1% ��> 1.6 µm w\HD�Q&} 2.2 µm �	� 0.6% ���} 1.6 µm ��RM^�4>r 90◦ � T Tau �����jQ6.Fw�i?���RM^;.F�jQ6.�H>o{ T Tau ���B^r~(n� Hough �: [20] "r>W97F2o���5Ph�_|IWl��=7�5wo��℄�℄ 0.1 µm +���*�5��vo{�$���E=7whX`T�	o���*�5 (o�rH 1.0 µm) ��vo{y!=����97�5�Ve���Rz6*rz"��<vo{��RM^�66�

8 1 T Tau ���C_s�)o [20]Q9y��UN_Æg9y��;���)n� 1979 August 12, •1979 September 15 �△1979 November 12 �
00000 1980 Febuary 24, 25 �)I Bastien  < [19] ���� ▽1976 October 27 � ×1976 October 30 � ⊗1977

Febuary 21 � ⊙1977 October 15 � 00000 1978 Febuary 20 �



� 320 �������(�R�%�v��������� 27 ��8�: [21] B���h& Mon R2 IRS 0�!=l IRS 2 � IRS 3 T>X����R (UQl [21] �7 5) �B^� 1.2 µm � 4.2 µm ��72�r� IRS 2 ���RM^}�RB^uF(F6�����B^r~~d^��K���!��} 3.1 µm w�?_}�u���	�∆p(λ)/τ(λ) (���N:uB�$`9) } 2.9 µm wQ��} 3.3 µm wQ	�
g IRS 2���Ve=-wY!~��5�HJ�_} [21] � IRS 3 ���}^B> (	℄ 3 µm) f\��"�
g���Ve=-wIW�IW�5�o�/`����RM^} 4 µm wJer
90◦ �.6�
g�}97o�F2��5� IRS 3 ���wW9G��5�IW�h���o��5w=:��	o��5�T�
4 �#?OYwz��'$0\-$�}XFu0�W℄�B����}z��'$�9G�h>�O�!=u�Y�!=uYj���2�Bf�������+!=u-f H!=MWu
(IRN) [22] �B℄=k+��!=MWu���y!=��j2�Bfkv�Bf2��w�k�u��<l�IÆ����Bf2��=7\R�RKw Weintraub �:}Ql [23] �`K A 0�KR��0YE==7/`"��RK�}��m:72,r[k��m:�zn�[9,zn�℄(�3I��M+�wBf2� [24] �B℄-v�j�Bf:<j�Bf�����m:�zn�2}=(�FkKP!=MWu�����:D:T#�,j��<j����m:�znF6�2}=(���)>Bf2��F11��7F11�wW℄��5�D8IWL���D8IW6T���9�d6��m:�Rz�Y=7RK�BTTD8���g7��w}IÆBf2�j\1���Q�$�3A Weintraub �: [24]-�Q�$w 20% �=�11>�����Bf2���v>H}Bf2�`y (�RX7NQGu) �!=lwa!=MWu��<l�7 2 ��s�w=k+��!=MWu (jhH IRN 4) ������� [25] ��7 2 �

8 2 �,��">NXv���n;3:8 (S8) �3:8 ([8)[25]$�PZxp;b�Æ Kandori  < [25] ��kiJ IRN 4



� 4 � e'K��;�z">���S~���i-�3�NS 321�B���IRN 4b℄* −3rRz/^���℄*IXwO�kv��w3rIX0��D�������wj�Bfkv�Bf2�R}�u724�q�(lP�
g�k(l�w
IRN 4 ��<l�0�B�� IRN 4 �}�&d���6`j (a� 30%) �} IRN 4 B=�&d���6/`��,�>H�!=MWu`.:�?=FYD`��7d�!=MWu�/�Rz%z`.:=FRz'm=)��
g>!=MWu�h�fJ�W℄�$%��9����f�2����n&v�M℄9?�=F��\Wr.��-��2P���5IW�Fisrj���2�Bf����� [26] �0�B!=MWuu�jX7N�!=hx�Rvds.:=F�uekv�uF>�r=F�+4l�z��'$Lwh:rj}XFu0�!=MWu��<l<F=1�w=F�+4l��wP�v
g�℄w2=k'$A�A��>r�j�/3 [35] �
5 �|��*&�Dz��'$6:D:T#isry!=����℄����BXH�K���z���}Y���Elsasser�: [28] X4>=7�?kv�� - =Fl�'o{z���}Y���z��'$F(wPBD�R���$%���o2��}�$B>F(F�U�(}y!=B>���<�+8��}=F��0���0��D�	:��n�=F��0 Dr.��-��5 (=:M℄��2P) IWhy!=�����

Hodapp �: [27] 0�B 9 k!=l�y!=��,�Jj���?kv�!=l���w�6��=F=�`|XRz����$%����)!=l}�$B>A/F�U�(}y!=��<�	��w�nv�=F�9? r��<�u�-�IW��)�k�uY`j������h>�O�!=MWu��RA��7=F −��kv}�?XF=Fd33A GL2591, L1551-IRS5, HH7-11, SVS 13, DG Tau, GL961, Cep A, BN, GGD 27 [22,27,29,34]2w�8��A�Ry!=���RK,��FT����h&�3A OMC-1 [31,32,34,35] �0�y!=���RK�9�>���h&��D�b�3A=F�+4l�=F�Rz�z��'$9G�������6H>o����h=-"s>	:��R�
�u=H�k>�.:���h����_>l�w�1��Z�: [34] ��Ris BN <wY��=F�� BN�.:F�℄ 7M⊙ ��
g>	.:����h=-�v`�.:��=6�(TB℄ BNw=6��
5.1 ��rg�rzaÆ}% 4 0A�"�z��'$Lw`!=MWut`7d�!=MWuvysJ.:=F�������w�BD�R��z��A/)Ir'�W℄2���8"\Wul�	��k�u����6/`!>��=:;jH�K������Y=1�!^j��6IX(/I��z��'$��66isr`j����=�>H��Æz��'$6+4DXF=F�=Foz��'$9G��pH_{�XF=F&d�y!=��vyds=F�Rz�!^�+4l�
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Minchin �: [31] B OMC-1 � BN-KL &du�>y!=��hx�R (UQl [31] 0�7 3 �7 4) ��℄��Rk
�1> Hough �: [32] �~℄ IRc2 UH�?=F+4l�kP��℄0Jj>a&d���!=l26wW IRc2 }y!=B>�<��!=MWu����B^��	i?�	�
g>��5�o�gi	℄�Kp.0�o���, IRc2 so���s���� IRc2 `y&d���`!���
g> IRc2 �v-��$G�Minchin�: [31] "r�=kRÆl�v��#o{=F℄*Rz� K B>����w=kB/B��?=F�Æ^	rw 100◦ �W=F��2P��5�IW�h���`�R����/`^��=FB'��b�!^Fa� 30◦ �
IRc2 � BN w9k	.:�z��'$�X=H 25M⊙

[33] � ≥7 M⊙
[34] �Z�: [34] ��> BN '$� H � K B>jX7N��7x� H B>���7x (7 3) isr=kg<)0B&d (�3*/��℄r) �RM^rH 126◦ �&�B���->Hw BN '$�=F�����m:}=F&d�FwG8 BN 2�Bf��Fw*r����
gHJ����UR<�i?�a&d���|X�Rz	e}RM^ 120◦ ��|XRz~�W#�5F�HJ���vyVe*r���������7�������w�IW�HJz���7�UR�k
�=F�℄r&d���:gi�℄3*&d�Z�: [34] >H��!^Fw�h�7j~�fJ�p�v�fJw��:��`9�F2�

8 3 H C?���n;3:8 [34]

Tamura �: [35] B Orion�uu�>y!=��hx�R��k> IRc2 � BN 6w=F+4l��℄���7x (UQl [35]2�7 1 �7 2)isr=k�?�!=MWu=:13℄Rz/���u�2�R} IRc2 ���} IRc2 �34�℄4�j (Ks B>QjY 40%) �Bf2�w IRc2 ���
g>=F��2P��5�IWwa!=MWu�h�fJ��u��BvMP=F���Æ^���u��B�B�r�=Fw3℄z��}3℄94�	�UFD��`�R��XF =F�RzF2 [35] �0Y=k!=MWuz*4/������<�j Ks B>QjY 30%) ����<lw BN '$��℄>HaRz�.:=F�)
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5.2 �|tÆ=�?<z��'$��`#SN}XFu�2�=�6VK}�℄ 2 µm �B>�R���+'$f H`Sl��3VK"f�R�`Sl��w0�y!=���RK�BQf#�R��̀ Slwii�q2.�z����9G��9$T0�}`�tt#$�D`Sl��w�n�B0�����=F��&IWr.��0�IW`Sl�\WJ���h!=MWu�W℄SN��`�}!=MWu���Bf2�0\ZYBM�y!=l��w�vJj2o!=l(W-l�W℄`Sl0\`��z��h:rj�[kz��'$�<D�u�=IX��66�)�k!=MWu������_{���Bf2��11<rM#/`$t�Q&�)VKC1#�A`Sl�M+��V�w���`SlsJ���2o!=l�W-l``Sl�r~��/`U> [36] �Z�: [37] B S187 � S233T> K

′ B>���hx�R��℄� S233eXH S233 A �
S233 B 9k�u��} S233 B Jj>IX&d�����w2�Bf� (U7 4) ��KR
Weintraub �: [24] �RK11>Bf2���w}`y&dZYJj=�(l��;A}Bf2�`y�v�}`Sl�}a720v��=��V�i(}Bf2�`y�
g`Sl�}��v�p	>�0�B�� S233 B �3*IX����j����v�;D℄r −3*Rz=F�����ELD`Slw�k=F�+4l�=F�3*IXbz�R��F℄rIX�W℄���	B)}y!=�RF��}`Sl�℄*Rz�����w1r*Rz*r����
ga&dFwW`Sl"f�<��}`Sl�3*�℄*Rz�����UI
g`9XG�UI��℄>H`Sl�9G�}3r − ℄*Rz�������Rzi�`=Fz"�����}�)>`9XG�UI�obz℄*�\W-+8#�F�Fbz3*�\WF(ZYTF�uF�)>�����UI [37] �

8 4 S233 B � K
′ C?��8y [37]bUn��W��N,Z>TO� “+” �H_:tÆ A, B, C, D 8yPZj*Æ94UNyQ+\^�
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5.3 �w�v�D!=MWu�y!=��}2���9GFwj�Bf��=�w<j�Bf������6�! (=�Fa� 5%) ��7��-jhH��� [21,38] �=�>Hz�����w�����hfJ���2�5�HJ����D8IW6�B�)�����h [39−42] �0�����	��B{Æ���	�� Yamashita �: [45] Jj GGD27IRS 2�!=l IRS 2 Y��� (U7 5) �GGD27 IRS �y!=��7xis�u���w2�Bf��Bf2�R} IRS 2 � IRS 2 �3℄9P/�r*9P:��D��3℄9P�������7 5 �B��� L

′ B>���/ K B>���} L
′ B> IRS 2 9P�u<9�6./} K B>�1�H��℄>H���wW℄��2�5�D8IWVe�����!�&d
ga&d�`9�j�W��℄{Æ>���	��3℄z^9H 60

′′

,r*z%9H 20
′′ �

8 5 GGD27 IRS � K C? (S) � L
′ C? ([) ���8y [45]\-xÆk*�lÆq<k*��N,���
��U}Æ Æk<$�nÆ94UNyQ+\^�

Minchin �: [30] B R Mon/NGC2261} J , H , K3 kB>T>��hx�R�NGC 2261wkr*/���u����<lw R Mon �}a&d Canto �: [46] � Kaifu �: [47] �R�r*Rz�=F�3℄z� CO XF�� 3 kB>���7xis NGC 2261 ��<l R Mon Y��� (UQl [30] 2�7 1–— 7 3) �} R Mon �3℄9P����℄ 5% ���} R Mon �9G�,>j�Bf���Fw<j�Bf��� Minchin �: [30] >H�,j�Bf���l9`97=- (��5�Æ�IW�HJ���) �rBulY8:~d�}=F��0���5�`9rB`!�Æ�IW=-�=�UR���,�6/`��F}��0�}j`9�/�D8IW�HJ���Jw=�=-��,6/`	��66h<j��} J B>�7x2�B��Y�&d��F(HD��wW℄97



� 4 � e'K��;�z">���S~���i-�3�NS 325�=-��/8r��r*"��} J B>2�3℄9P���w3℄z���w} K B>2�3P����w2�Bf�>�Y!~���5�HJ����Bo{�76.�JH}=B>�7=-�=�UR [30] �VP}pkB>�3P���L/℄P�	=��}
K B>�3P���w2�Bf�F℄P����3�!���
g>2��3P�`9:/℄4�! [30] ����R<�k>�=kP [26] � R Mon ���RM^ (100◦ ∼ 103◦)	)��℄���z"℄=F�} R Mon ���2���5�HJ���w���Ve�=:=-�FFwD8IW [30] �
6 �~Z�T||X}XFu�������h�l2YD8:UR [48] �}XFu0��5�~�`|XY~��n�H%~�=-�Fw�"v��L=7RÆ�~�=- (3A Davis-

Greenstein =- [9]) ���5�HJ����)���6`|X����D,�;gXFu0�	D�hh����RzrUF	�=�>Hhh���Rz�L$%u�;>|X}'�b�4ORz [21,25] �Y=�XFu0hh����w{OV���6VK��|X�Rz (3A L1630 [43]) �
Kobayashi �: [49] �Dyck �: [50] � Heckert �: [8] ,�>z�!=l (L�H 52) ���`9G�X���$���~d�k
is 58% �!=l���	)��℄X����

(��RM^�U=�℄ 30◦) ��w0Y 38% �!=l���`X����U=a� 45◦ ��℄�k

g>	D�!=l (58%) ��Ve�=-w�|XRz~��W#���5

8 6 Mon R2 IRS 1>�)m���8 [21]lÆk< Ks E����Æ Æk< H E����Æ*-q< IRS 3 ���Æ�q< I E���� [51] Æ*q<P℄��[nxÆ94UNyQ+\^�



� 326 �������(�R�%�v��������� 27 ���HJ����2j�IX!=l (38%) ��Ve�=-w��5�IW�Hodapp �: [27]nr> 9 k!=l����
���!=l6"�DmzI��.:=F (	IXw�?=F�
g��!=lwz��'$) ��℄/`>��z��'$���`�K|X�~d�Jj	D�z�����z"℄�K|X��>H�7z"�~dwJH���Ve=-wIW�8�: [21] B Mon R2 IRS T>y!=��R:��,�> Mon R2 IRS �|Xkv (7
6) ��k&d0�L$����kv�RÆ��BIWB���ul��� IRS 2 �X���R:k
 (UQl2 [21] � Fig.5) ;g!=l���Ve=-wHJ��� [21] �o

Hodapp �: [51] } I B>BX����R:k
�|XRz` IRS 2 ���Rz����B>H7 6 2���Rz�;>|X} Mon R2 ��&d�4O [21] ��7 6 �B��|X	)wr*z��}p	o9P�|Xw1℄* − 3rRz� [53,54] �k� I B>����
 [51] �8�: [21] >H|X�kvwLH�� (7 6 2 3 ,�n) �
7 �Nmb
E.Q4|>y!=���R}���h,�2�MR�z��'$0\6w-�$GD�W℄�9�XG�F2�����<mYF2�}���h&��B'H2��\W�UR=-Y97�=w��5B�n�IW�HwY!~��5B�n�HJ�������VeJ`Ve=-Y~�0`���.�	��PhhXY~�z��'$���B^r~(nvds���D�.�=�'
YF(���5o��6.QGs	��}p#�B^QGu6Ve������B^j#XG�r~~d����B^�NF6	��
g�5�o�:	℄�K��o����RM^ 90◦ �66
g>�5	��6.�z��'$�mzI�.:=F (	D�w�?�=F) �)>!=MWu�+��!=MWu�����w2�Bf��Bf2��w�u��<l�!=MWuvsJ.:=F�������<l`=F+4l<Y/`gi�r~��Y�!=MWu���6�,j�Bf���fJY97�Dk�<l�2jUR�W���)��������wk�����sJ��=�!=MWu���Bf2�ZYBM�!=l��
g�v�}`Sl�`Sl`�V�Y���r~���V�v�N`Sl�}���9�z�����`9GX�����}=7~d�E���Ve=-wIW�z��'$���`X����z"�E���Ve=-wHJ�����z��'$���`X����������h&0hh����Rz�;>|X}'�b�4ORz�0�y!=���R�B9����h&�|X�b�W℄z��'$}y!=���0w�	�=�SN��`�l(} K B>6F�U��B^/��2o!=B>u����R�v3a�=U#�}y!=B>F�U�`Sl}2o!=B>6�}�BM$��jAFR��m:X[�RK���R�`Sl>����B^r~(n���WIW�HJ���Ve���}2o!=B>6/y!=B>��D��j���Ve=-B��9\WH=�1|XY!~����5�9\W6z"℄|XRz��)��Rz<6z"℄|XRz�k�y!=�2o!=����R,��vp/b#ds|X�kv�
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Near-infrared Polarimetry in Study of Star Formation Regions

CHEN Zhi-wei, JIANG Zhi-bo

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

Abstract: Near-infrared polarization is an effective technique in star formation research. With

near-infrared polarimetry astronomers have known a lot about star formation regions. This arti-

cle describes several aspects of near-infrared polarization in star formation research, each one is

very useful for our understanding of the formation process of protostars.

A near-infrared polarimeter is needed to be installed upstream of the camera equipped for a

telescope which is designed to obtain near-infrared polarization measurements. The near-infrared

polarimeter mainly consists of an achromatic (1∼2.5µ) half-wave plate and a polarizer located up-

stream of the camera. The achromatic half-wave plate is designed to be rotatable and sometimes

retractable. The polarizer is always a cold wire grid fixed in a plane,e.g. the cold filter wheels of

the camera. A calibration polarizer must be installed upstream of the achromatic half-wave plate

for measuring the polarization efficiency of the polarimeter.

From optical to near-infrared wavelength range, polarizations of YSOs are always wavelength

dependent. Polarizations of YSOs are composed of intrinsic polarizations and interstellar polariza-

tions. The intrinsic polarizations are mainly derived from scattering by particles around YSOs,

while the interstellar polarizations are mainly derived from dichroic absorption by interstellar

medium aligned by interstellar magnetic field. So the wavelength dependence of intrinsic polar-

izations are quite different from that of interstellar polarizations because of different polarization

producing mechanism.

Infrared reflectional nebulae (IRN) is a kind of infrared nebulae that shows high degree po-

larizations and centrosymmetric polarization vectors throughout the infrared nebulae. There is
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a close relationship between IRN and YSO. It is generally accepted that IRN is illuminated by

YSO located at the center of IRN, and the illuminating source can be identified by measuring the

centroid of IRN’s polarization vectors. IRN arises naturally because of mass outflow of YSOs. It

is generally believed that IRN is due to the radiation escaped into the polar regions above and

below the optically thick circumstellar disk, the extension of IRN tends to be consistent with that

of mass outflow. Thus IRN is a morphological tracer of the mass outflow.

A number of YSOs which are deeply embedded in the molecular cloud and not detectable

in the wavelengths less than 2 µm are so-called deeply embedded sources (DESs), which can be

identified through near-infrared polarizations. H2O masers are always detected in the vicinity of

deeply embedded sources while far-infrared and radio sources show bad correlations with DESs.

It is generally believed that there are circumstellar disks around YSOs, especially for early

stage YSOs. There are many YSOs whose near-infrared polarization vectors have showed so-

called “polarization disks” in the vicinity of YSOs. Polarization disks are mainly derived from

multiple-scattering or dichroic absorption by circumstellar particles in disks, and can trace disks

well.

There are close relationships between polarization vectors of YSOs and the magnetic field in

star formation regions. If the polarization of a member star is mainly due to scattering, and

the polarization vector will be perpendicular to the magnetic field in the molecular cloud, and

if the polarization is mainly due to dichroic absorption, the polarization vector will be parallel

to the magnetic field. Thus in a star formation region, the extensions of polarization vectors of

all member stars will reveal the magnetic field in this region. Can reveal the structure of the

magnetic field.

Extinction is too large for some deeply embedded YSOs to be detected in near-infrared. Ex-

tending the wavelengths to middle-or far-infrared can avoid this problem. In MIR and FIR those

deeply embedded YSOs can be detected directly without the analysis of the polarization vectors.

In MIR and FIR polarization is perpendicular to magnetic field because of grain’s thermal radia-

tion. So the MIR and FIR polarizations can also reveal the magnetic field as well as near-infrared

polarizations.

Key words: star formation; molecular cloud; near-infrared polarization


