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1. Be������	

�
�� V�III���� B��������
Be�����  !"#$%� Ha, Hb, Hg, ���&
1'(�)��*+,��-./0123�4 �
���567�&89:���;���<=->
�?� Be�,@ABC,�DEFGH3IA�4
JJ-5K� Be���LJ����4

Be�,"#$%��5MN� OP-Q?R<
�STU�,V�WRIXY� �Z5[\]#
^%_� `a#^%_�b�E,?cA?� ��
,de��`a#^%_fYghIiATU�
�Ej�?>�4 J,klm5 Benop� (Be

shell star) ��q3� MN, Be��;�rIJJ
-5 Be-s�	st4 Be�5�u�5���vR
IMN, B���w�J�E>Y� s,xE>
�4 y<� �u�5nopTU�?z3I Be-s�
�w�J�E>�4 J,ft*w{5|}
~�
�q3� s3��RI������,��E
~
��4 Jtr<
��2 Be��At��Y� Be

z���LJ�E>�4

(1) ����
|}
~,�EfA�5Xtr�,m���

(28 Tau, B8Ve-s) ->�4 J,�5 1888�� Be

��rI��H3� 1903�y-"#$%��?�
�H3IA�?� 1905���N, B���*Y�
1938������E�nopTU��brI
Be-s��*R<4 nop��5 1945�46����
��*Y� 1954��TU�?�vrI Be��
*RIA�4 Be�2�� Be-s�w{r<,5
1972�->�4J,
~5����
�BC�-
E ¡H3<4 nop�5 1989�¢y-£u�
Be���R<?� J3y-,BC-5nop�
5 34�¤
,¥¦-§Y�r� ¨©�¥��?
£AIA�4r<?RI�ª'5 2006�7��no
p��«���¬H3IA<?� �¬fY­h
2005�� Be-s�w{r<4 ®'5¯5Yy��
°�de�����
�BC�� ±���°*+
-C�� ��BC?{�3� Tanaka21)5 Ca II

TU�,²@� U"\³,´�� "#$%��,
µ
¶·*+� w{¸,o¹_º#
~5 1972

�¸�fh»IA�J��br<4 nop�5�
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88 Her���	��'(�)'	*+(��&

���,-./�0�1234567'� Ha

8����91:;<�6�+(���� Fe II

�;<����	�67=
�� Hirata2)�>+
(?�
��& 91:@� U, BA�B���C
)� 91:;<��D��E�F�GHI,-.
/�0����67=& Granada and Cidale3) �
1981�1992��JKL� IUE��M��N�O
12345� Fe II;<�6P�'� Q���	
�RM��S�T@�'( 86.7 6U!'���
"V�;<�D��	#�$ 1,560 �T@%6
WX'�& Fe II ;<�6	�=�&Y� Ha�
	�Y>I'(��+(� )*��Z[
�
�
RM� +M�\,-��.]^_56/0'(�
Fe II ���1`�a��b623'�& a�c
d� 91:@�� Fe II���[
�� H��4�
Za�	�56���
�67=�� 7�� Be
�@�8�����1`�.f��I� �9:�
gh�(��& 
���	��;<A5ij��
kM��	��=0'(��&
��	��!l B�Be�m�	�����n

o� 	����
��& 'R'� BeH�� BRM
Be-sp�qr�s�(�F!�� !R&

RiviniusM4)���� Be-s��tuv5���
�6r�� 23w� xyz��{ Be-s����	�
67'� 3w� Be-s�6|>'(��& �}�
��	�67
����k�
���� 
�?�
� EW Lac, o And �>!�~����	�67
'��Z�H�(��& H�� 88 HerZ xyz�
�{ Be-shell���H�(��� Fe II����	
�67'(��& RiviniusM� Be-s������
F�N��@�6A��g�RMk(�����
��k�'(�I� ��	��A��6����
��������	�����f��2�'(�

��� F�>!�	���R�$�(���& '
R'� B}�kP�>��A5ij��91:;
<��	�
���� Ha��9=������
��
 t(Ha)� 100�C� �f�� 4,0006D�
��F� ��.f�E���I� �F� G�� Be

�� t(Ha) � 100���[
�E����&
t(Ha)�H�A5ij�I91:;<��?J�
K
��IL���Z�C)=�
�RM�M�
�& D�91:;<��F������� A5
ijN\�H�;<�����RM���& '�
�+(� ��	������������+�R
F!R�M3
��& Be-s��N�'ZA��R
Mk(��E����M�� ?m������+
(Z��������
�T��OPF����
�R� �������F�>+(���A��R
M��'(��R��+�E����	��Q�
!�&
(2) ��������	�
�

Be��A�TR�F�>!�'(���	�

���R& ST� ¡���� ¡��UV�
W�X�(���� � ��Y}�¢Z%���
!£M�(��& �����[�\�'���
¤ju¥¤j¦6]�'� ^�X'�§_^�
>+( Be���TI����	�
��& �
F� ST�����MR�4�9j�>+(A�
`RMa���bc91�^X'(��6	�=
�& ¨g�ST���d+(�������	�
�ne6��'>!�=�©ª�f�&

Rivinius5)��g�RMN��@�«¬�
�
� x­®4Aj14{ �>+(91¯�hX
�
��6	�=��$�(��& ���	��i
X��r*�� ­®4Aj14�°*����
'j�±²�Q����p�q+(��& a�
HH����O³=��G�� Be��8�&
CarciofiM6)Z a Eri (Acherner, B3Ve) �9'�

�©�6´fµ����& 
���k 2l�$�
�>!�¶·¸�����@¹F��mº��
�+�»�n67'(���� Be��o�'(
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� ������
� !� ���"�#$� %�&'" Ha(��
)���
*+,����-./01"2�3

����������456�7�����
�83 
����45����1������
9�3 �
�:;��
��<���� 45�
��=�>��
���� �?@=!AB�
C
D�� E=�B�C�FG<� B��"��
Meilland�7)�-./01��������B�
CH�I2"JK<���=3 E�83 L��#
M�NOP�Q5P�R$����3 B�C�!
�
%&=!A�
JS����
	
��B�C9��TUBV�-./JK�


WX����� B�C�9�"�	��Y'<
$��Z[V\�]���()�1)�^_ML
�� 	��	M`�B�C
*$�9�a
$B
�C=+��b�a
3 B�C�c,=d-�e

+���f
���� .]�B�C�����
/<gD�$hi"j�=3 	�hi� Hirata8)

�������klm����	
=���	�
���a
����
n0D=���
B�C�.op1�]��2
q�� 19673r�s��=L��%�r3tQ�
�456�7�<���3 uQ/V� Be��7
����	
-./01"2���$� Hb(�
�)����vwx���DW"2�$=3 %�

yz� 1�3 11 Cam (B3e) =��
B�C�.
op1"j�	
"{�|<$9)� 	���T�
C/}Q~� Hb�� ��w��P/�� 
��

��"��$�)"j<���� B�CML�
	
����8���9��:��/���(�
�);:����	
��<�a
�� X$3 B
�C����=
������]
�(�>3 (
��?�
���@<3 �/�QA�B Ha/Hb

�CD��	
��B�C�-/�vwx=�	
a
�� B�C���"�	���E<$��	

=F#�L�$
sy� <�<3 �w��P/
�)���)�G�FHM�:	8y�
��$
IJ=K�3 B�C�/��L��M�
D��
$� 2q�B�C�]��%
�NOP<D��
$�M3 �J�QR<D��$� B�Cp1=�
���
3 STa
��y�D�$�� 20003
��ML��
(3) Be������

Be���EB�C�9��]���U��-
��V3 W��X�DW��� p=bYa

���=3 ¡Z�L���E�8�9¢�ML
£y� Be���¤���NMo[
�\[�
]8*y^¥¢�9?M¢����M�D��

�y¦_��a
����M3 	�#"bY�
�$# Cranmer10)� Yudin11)�.Q§¨Q5�
�©8�<$ 4627�``� Be��]��¢�
9?�a0�{b<"2�$� ¢�9? V sin i"
HeI l4471AÕ�ª«��)��c�¬���­®

� 1 Be��¢�9?�a0 �Cranmer10)�¯d�����1

��� O7�B1.5 B1.5�B2.5 B2.5�B3.5 B3.5�B6 B6�AO

e°±? (kK) 36�24 24�21 21�19 19�13 13�10

²V sin i/Vcrit³ 0.41 0.43 0.47 0.53 0.59

Vmin/Vcrit 0.42 0.34 0.51 0.72 0.91

Vmax/Vcrit 0.79 0.80 0.91 0.75 0.91

´�f�^¥9? �µ¶��/��������2

Vcrit (km s·1) 550 (B0) 480 (B2) 470 (B3) 430 (B5) 390 (B8)

�1 ¢�9?g�h�#�¸ 2¹Mº#�L��
�2 Vcrit�D»-./��01a
�=3 ��i� Cranmer10)�j��k¼©�$��ML��
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���������
����� ������
�� ��� �!��� 1"#�$� %	&��

'&� Vcrit"(���������)�� V�
�*
"+,��	�%	&�����- Vmin�
Vmax�.��/�0�1�021�#��
� 1� Be3�%	&��45"6��- i) %
	&�� 7V sin i/Vcrit8 �9:/;<�:/=�
>�"?2�- V/Vcrit�@A� 90B"C��
-

'&�"�C���- ii) 9:/DE&��

���F��GH"�I<;� JKLMNOP
MQ RS
���)�- �E�#����� Cran-

mer<����TU<��V�TUW���*

�X�YZ��[���\����

2. ��������	
��
�

Be3��]GH^�S_�`�"�\��	
abc*de�f��gh�ij���� �bc
kl� 1990�h"�\�2m�n���
- �
U��o"#���� 1997�- Quirrenbach<12)

� Mt. Wilson � Mark III bc* �0pq] 31

m, r�`� 4.3st�rumas� �������
Be3�de�)v$� 6w�3"6��F���
���e,�- px�yx�x�
%	&� V

sin i���z{")|- 	� 5"}
�F��
~��tK�"#���

2000���"���2/!��"�	abc
��
�"�U�A$"�|- Be3�de"[
VLTI (Very Large Telescope Interferometer,

ESO), NPOI (Navy Prototype Optical Interfer-

ometer, US Naval Observatory), CHARA Array

(Center for High Angular Resolution Astronomy,

Mt. Wilson Observatory) �E
�|��A$"
�\�� bc*de#� Be, B[e] =����
Slee<13)"A\�W��<U���� 0
- Be3
�de"��<U���$�� 2"W��A$�

VLTI"A�bc*de�	a^���U��
�� Chesneau< (2005)14) � a Ara (B2Ve), d Cen

(B2IVe) "(�� NN�� �10 mm �� �de
�- %3�F���������� 4 mas�&�
��� TU� a Ara ���@A�3'�� 14(
"(�� Be3�����a"���1�)\
�� TU<�3�N��O]"�:
)*�#�
�Tv;< Chesneau<�%3�[
�+3�F
��,3"A\�a�
�|�<U�[����
�;�+e�����

Kervella<15)�
	a H, K N��� a Eri

(Achernar, B3Ve) �de���- T�3����
�� �	�'� 2.13 mas,  '� 1.51 mas� �
[¡-   5"¢£�	a-¤^ �	� 5 2.7

mas,   5 17.6 mas� �[6T��#�� �1
mas� 0.044 AU"(��� .<�T�}
\�	
a^�¥3/�¦��- 01§P�¨tO¨tO
-¤�©ª�;<¥3/�0«¬�� 20,000 K,

�­�0«2�� 2�3®1010 cm¯3 °��+,�
�� T�de�±&%	3�±²��;<3C�
�¥3/
4U³�5«�6m³�����

Meilland<16)�´�N��O�]�	aµ¶�

� 2 Be3�bc*de���$�

bc* de· ��7¸� de�� de8p^ de3

VLTI Chesneau, et al.14) 2005 MIDI N-band a Ara

Chesneau and Rivinius14) 2005 MIDI N-band a Ara, d Cen

Kervella, et al.15) 2006 VINCI H, K bands a Eri

Meilland, et al.16) 2006 AMBER K-band k CMa

NPOI Tycner, et al.17) 2005 Ha h Tau, b CMi¹5 Be

Tycner, et al.17) 2006 Ha g Cas, f Per

CHARA Gies, et al.18) 2007 K�-band g Cas, f Per, z Tau, k Dra
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�� Be� k CMa (B2 IVe) � VLTI� K���
	Br g
������
��������� 	��
�� 6 mas
 ����� ������ 2	
��
� !"��#$ ����%&'����()
Br g*�+,-
./� ���0/�12��3
����2 43.6 mas (0.82 AU), Br g 2 3.7�5.5

mas (0.85�1.26 AU) ��5�6�� ���1��
(77���26�� 89���:��;<

��
$ =��> a Eri
�?(,���@�1
��AB#�:��
/,C�D-E/� ��F
A������2������G-HIA=

2$ ���J��K-��()��L �M�
)$ NO���
�E/����P��#M/
�� MeillandI�=���G�QR
#MS* 
T�UVWXYZ�[
�!" 	V/R!"
 \I
#]FAM/�J$%^"�_`-HaM/��
2� /\
b&#�� #\#$ !"�c���
�(�M�c\I�cd2'(D-6)$ =��
� V/R!"��c>)*FAM/ /� 7��
eJ$%_`���#M/��\f,\�g/M
�dhi+�BM/ /�

NPOI�(�M Be�������M/���
TycnerI17)26�� NPOI�j� 300 m�k*�
>g Ylm�
m���26�-$ Be��,-
�n�!./ 	j� 37.5 m, 64.4 m
 2��FA
�� 0��� Ha*�(o1p�����26
�� 2 2� 4��g/MS*��3qmrst�
4
u*#$ ��� qmj (mas), �� rvb/a, ��
� Dmj (109 m)  f�5/�� d�$ ����\
I HaS*�
 LHa�w*#$ QuirrenbachI12)

�xYy
z{|M (log LHa�log Dmj) }~��
�����
$ 
./q6+fS*[
-
./

/,.A/ 7*���-HIA�� TycnerI
�=���\Iq6� Ha*��#M�����
L����8�29���:��
i+#M/
�� d�$ =����(�
 Dmj��cm�+f

.L ��1���-$ �;<
 V sin i���
�# /� =AI�=Ad2�����\I=I

A�>�� �xW�����>�26�-$ q
6���32�����-=IA������2
6��

GiesI18)� CHARA��Y�?/$ 4�� Be

� 	2 2
 ��#Mq6%&'��*���M/
�� =���Y� 6�� 1 m @��� 34�350 m

�k*�./#� Ylm���26�� 4��
Be��fA>A��B��>g���2$ 7�
,� f Per�B��E��C�26�=
-DI
AM/�� �� 3��g/M> f Per
�E�D
\IB��E��C�26�
H #M/�-$
B����� F/� ��0���089 K��
�����2$ f����#M>q6"��¡�
bB#�� GiesI�q6�F��¢�£Y¤;G

u*#Mq6,��
"3�4$ �¥�$ ��
�¦/� f�5/�� =,#M=IA�q6�
��3� 1.7�2.3 mas	
2$ QuirrenbachI12)$
TycnerI17)�w*#� Ha*��%&' 2.6�4.5

mas ��§��
�I\� F/� =�i¨�
GiesI� TycnerI
�(�q6- Ha*��#
M������L$ �3

>�HD©ª���
I-«¬�����#$ K���������q6
,-��
�E/��\I�­®Y­®Y��2
¯�2.�
#M/��
°±��������#M����²�«¬$


L�³´!"���-cJFA��

3. Be���

Bm2�µ�)¶� (Bp) � \�[/·¸�
>g��6�=
-¹L\IDIAM/�-$ ¹
K� Be��7p·¸-�*FA�(,� ��
�� 2000LM�N�M\I26�� bBFA�
�� 100 G	
()º/·¸26�-$ [·¸�
>g Bp��H�� HaS*���E<�;�>
6�� =��e$ Be�
��¡�·¸�xW��
º/·¸
[/·¸�Og�P¸-6)$ »+�
�/M/��

QR¼S 2008L 4¼226



(1) ��������
Be���������� ��	 
��
�� I,

V���
�� �������������19)�
2000����� !"���#$��% Be��
3&� w Ori (80'40 G), b Cep (95'8 G), 16 Peg

((156'31 G) !)*%� Hubrig�20)� VLT�
		�	+
 (FORS 1) ! 15 Be��,
-./
01� 3�" 100 G�����/#$� 2� 3�
" CaII H, K 3��	4	����56�7

8/9�:%�  %� Yudin�21)� VLT��;+

! 5&� Be�"<:#$/=>%? 100 G/
�@����A1B��C�*%�
D�� E1���#$��%���F�C Bp


GHIJ�� K:L���� s Ori E (B2Vpe)!
)�� Townsend�22)�� M��?�N 10 kG�
��O�PKQ1%RN��/ST� O�UV
1.19�K�V:L��W�MK/X:� YZ[�
�K9�:%� M���\]O��!S)^� O
�]���_]�� 0.5�"`:L1��  %�
Haa3S56:� b����D��O�"�V
:L1�� ��� BFGHIJ�� 1 kGc��
���/Sd?� M���O�]�?�ea3S
X�C1� s Ori EK�<f�!)��
g�� Be�"d1L� BE1��?#$�
�%�?C1�!� �����56W�":LS
100 Gh!�C1�K1i9�?D��!)��
b�"<:E1���GHIJ��jiCkl�
�m�K�n�?Xo��L1��
(2) ���	
��
�

Be��p��K��"d1L��/q^ �
%�r!s"l�tuv�ge 1990�w��
xy#z��L1�?� {|����E�}~�
?���L1C1�!� ������ B$�!
�C1� ���tuv/q^��LAji�

MTD�
� 
Magnetically Torqued Disk, �r
��v����

Cassinelli�23)"j*L#z��%tuv!� p
���������D%"!$:� ���RN�

!O�PKD&W�K��W�� M�tuv"j
�K'��j^�1����!$:%p����
�"�*L�(�"� ^� ��/�4W�� �
�����
[�")*C���+���"j�
�v�K:L,@���� ��/�4W��")
*C�����		FKO�]�"�5:� �V
F���  %O�]�?��1����C���
�/)*KW�� O�]�?�����b�B�
��"j����+�-�?�CeL����!
)�� Be����")*C����/� 3"X
bi� )*�����		F"�5W�� Brown

�24)�����O�"j��" 	/¡^ �
L� MTDtuv/¢.:� ��"£��¤�/
�	0K� a3E�� 3�	�� �¥3E�C�
����
��58/11L1�� b�¦�� a
3E�?O�]� Vrot/Vcrit§0.5�0.6 2�!��
"C�MKC���� Be���_]� Vcrit"�
1]�/Sd)*�C1K:L1��

MRWD�
� 
Magnetic Rotator Wind-Disk,

�r�[������
Maheswaran25)��¨.©v��/��:� �

r[���ª«�3�4¬­tuv/®¯:L
MRWDtuvK°±!1�� �����²��
!$:%p����"3"�*L�(�"³�*
L!�� �(��5´"µ¶6�/·^� b�3
´"�/�\][���/�4W�� ¤��!$
?¸eK��"<:� �"��?�����j^
��eC*L� ���¥�"¹?^���
��

� 3 Be����4")*C���

tuv MTD23) MRWD25)

� � RN�� (G)
�¨.©v
�� (G)

Vrot/Vcrit 0.5 0.7 0.9 0.5

B0 2,200 1,600 1,280 67

B2 335 243 195 13

B5 64 46 37 2.5

B9 27 20 16 1.3
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��������	
��
��� �����

����������������  �!"�#
������� B0$� Vrot/Vcrit%0.5 ��&�
'�(� 3�)*�� �+���,�MTD��
���-��� 0.04.� 0.07	
��/���

0����"�(���

RRM��� 1Rigidly Rotating Magnetosphere,

2
3��456
Townsend and Owocki26) �7�8��9�:

;�<'=��+�������� ���$.�
��>�?
2
3���@� �AB
�C"�
#DE��FGH�� DE�I��JK��LM
N	O��+P���Q?R� 7�8��+8�
�S�0������� 2
3���'��=�
�����T�
� ���������U�VW
$ s Ori E (B2Vpe)�X�Y(��� ��$�7
���Z0.5 Vcrit�[�7�$
� 7�\] 1.19

���]Y#��� !�)Y� ���^���
�Y(_" 2 kG� !�`#"�(��� U�
VW$
���� Haa��7���]Y( !
Y� ����b$�)Y(��� RRM����
�9��+:c���
;��� ��$
��+
:c 55�, 7�8:cd 75��e����� f� 
!� a�=� !Tg�hi
;��j%Y(�
��

Bp������
?k���lm?
no
�T��� Smith
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Recent Developments in the Studies of

Emission-Line Stars

4. B-type Emission-Line Stars (Be)

Tomokazu KOGURE

1�10 Toganoo, Hashimoto, Yawata, Kyoto 614�
8322, Japan

Abstract : Be stars are spectroscopically character-

ized by emission lines of hydrogen and metals,

and their remarkable variations. Be stars are

generally rapid rotators surrounded by circumstel-

lar envelopes. Recent spectroscopic observations

revealed the disk and ring structure, ac-

companied with phase changes of Be stars.

Interferometric observations opened a new era

for the detailed studies of circumstellar envelopes

of Be stars. Surface magnetic fields have been

measured for some Be stars, mostly around 100

G or less, but some stars show strong fields

which are somehow related with chemically

peculiar B stars. Evolutionary status of Be stars

in and post main-sequence stages is still in

debate. These problems are briefly reviewed.
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