
!"#$%&'()*+#,-./
0 1 2 3
!!""#"#$##%&'($%#)*&'+,-. /181!0015 !"&0'1"( 2!21!12
e-mail: matsunaga@ioa.s.u-tokyo.ac.jp

!"#$ IRSF%&'( SIRIUS)*+,-./01234 14556789:0;<=32>?@
2002A6BCDEF32G 3AHIJ;<HKL34 MN6*OP9QR90ST=>="@ U6
VH$4 WX>Y789:YZ[6\X32]CL"^_`ab9cd>X32>="@ efY$
W6g=2hij01234 *OP96klHm23no=>?@

1. 4 5 6 7

IRSF)345 SIRIUS678*9:;<= +
>?"#5@,$%-ABCD.EFG9H/@
IJK.;,LAM0NOPQRS T<UI10
V2WD= 145XIYZ[3V\4QDWP]S
YZ[3< 6^5_`\4Aa6bcde fg 1

hij= IRSF)34Ikl.EFG9e<m7A
8RnP]S oQD= p_ 6cA9:VqrRk
5= p5 7cPeRCsn\4etP]S [3u
v8RnA;<b\4cw< 15=>?e= oI
RxAyI[3V\4]lzV{|D= }R]~
\4V�n@QP]S 5_I�AVBOl5 14

cwCD5bnP]`= �ODWl�n<9E9
��9�bW��QR\4��e]S
JK.;,L<�.�-�,z~FG� 400

km �yIHe= .EFG9$%-I\4�`k
nP]S 8��yI\4�eIu�\4QDWl
5�Q�QW5U�e]`= ��by<�ANO
��IJK<��P��S ��<\4�I��N
�R `¡CD¢OlI� f£¤¥;,¦j `k
lIe]`= J,L¤§¦ 2Le<5D�MPe
� P��S oUe= cwV¨v©D\4�Ak
lªN«e¬NVªWRn= ¤,­-,¥;.:
,V®eRn= 8��yI\4�IOePNA\

45��`P¯QDWP]S T< 2002Qz~
2004QI 3Qw=RQ 6^5_A 39^w.EF
G9AS°Q= UIB±b��VT©PQRS o
±QDU~OR².-<= RW��³´b�Ie
QRS

2. !"#$89):;45

2.1 !"#$45.<=>?
YZ[3<µVXz~µWVXI[`YZA¶

PCR�Ie]S oI&'IX·<>¢= YZ[
3`WD¸IY¹AZ°QDWlU5z~= [\
`º»%IO¼AbWU5V½¾�¿¤` 1910

Q]AÀ^QRI<_+b`e]S PR= ÁYZ
[3IOI[<ÂabAyO�c�Qd= c�Ã
dÄ#eÅV�CDWD= Æf��ÇgQW5È
b�P]S oIR|= ÉgÊgI=h5#iËÌ
VoIPPjÍet= Î[ÏÄI&'IÂk`l
zOPQRS g 2<ÐÑÒABlYZ[3M3I
ÉgÊge]S UIgeÓ%m (MS)= 7ÉÔ[
=Õ (RGB)= Ön=Õ (HB)= o6Ô[=Õ
(AGB) 5ÏÄQDW¢U5<×°B¢p~OD
WP]1)S UIB±A$%#ØINPÙPbÂa
bp¨`YZ[3I\4V�5AU~OPQR
`= oIÓq<ÐÑÒABl\4eQRS
uYe= \4]lrs`tÚO�= ¨rl�I

$%^u 2005Q 4^

pqr IRSF/SIRIUS sU6 2t"""""""""""""""""""""""""""""#

234



!!"#$%& 1970"'() X*+,-./0
123$/456,7-89- X*:2#;<
=$>?3)& @ABC DE$FGHI!#;<=
JC %,KLM%/N,O&P()C %,AQR
-STUVWXYZI[-W\J]$%4)&
2.2 !"#$%&'()*+
<JC ^A01>J]/$'_`ab*c%&
56,7_C 70"'B(()def-./g9A
,A012h"=/.i-W#$>?25)C jk

A,2lmn\J]/?oC 012p)W*qc
>?& r+cC `ab*stuA#v-,]C
1990"'B(-_ 2MASS (2 -Micron All Sky

Survey) w DENIS (DEep New-Infrared Survey)

4]\?UxAyzHI{u!h"=$>?& ?
4|}C 2MASS_~*A�4��K01>C 5�
g`],A��4-�K�o?����K 2003

"-��>$>?& >(>C @A���G��I
G_ 2.�4UVkC 56,7A,Al��/0
c_,K0�%/�42cVJ]$�� �IRSF/

SIRIUS_ 1���G 0.45.��& ��1-jk
A56,7K%m�m$c01cV/.i-W\
?A_���"Ai�A�4c%& ^?�_�A
�� �K4)|JC 145g4]i�4��%¡
JA56,7K01>J]$%&

3. ',-#./01%*+023

3.1 4 101!5678
^?�2¢-XY>J]/a£¤, �RGB4

AGB� _C 2f¥¦>?-§¨sA©#-ª3«
K>J]/4]¬4UVk56>?­eAb®2
¯\?°±K>J]$%& @>JC ª3«ccV
?7�_-§¨s-����²<=J]V$%&
³/�8$c¨s2UVkW/49´-§:!µ
kW/AcC ¶?Wª3«2¨sc3$/�4-
W#$%& >(>C -§¨s2UVkW/49´
-C ,A;<()����·�2¸J]\J>$
]$%& �=2�8=¸4¹}=/º»cC a£
¤,AQR_�8=¸-UVk¼½<=$%& =
¸A¾n_C>¿-À<]!A()C?" 10Á4Â
@�84]iUVW!A$c01<=J]$%&
�8=¸-.\J­eAb®2WkW\J>$
i4C ¥¦>?-§¨s_3A2WkW/?o@
=ÃÄQRcV�C @A$$B?kW\JC£D
,-W\J]V$%& ¢OEc_ 5Â@�8ÃÄ
c³\?,!ÅÆ1-�82 1Â@�8F:AC
£D,-W\J>$i�42Ç�,7A01W�
cÈ)=J]$%6)& �8=¸_C �A.i-N

É 1 56,7A*5ÄcA0G& ÊËHÌA³/a
Í 18´C aÎÁ30:³?#-,72j]& Ï
]I_01>? 145gA,7C ÐÑ_01cV
W] 5gA,7&

É 2 56,7 M3 A£-�É2)& ¢OE (MS)C a
£¤,0Ò (RGB)C ­J0Ò (HB)C Ó`¤
,0Ò (AGB) _ÔQRÕÖA¹×&

Ø 98Ù Ø 4Ú

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !"# IRSF/SIRIUS $%& 2'

235



!"#!$%"&'()'*+,- !./01(
23456789:;<=>?@AB#C.!2
D23$EFG7HI"%3JKG(7L- !2
#C"0M/03NOP$QR6K1S T"?U
3A&+C'$EVW+"*1.- X"#()+
YZ[3\B]^- FK_K+`a.bcG]B
(3Nddcef?,cde+BgTh.*,
ij]BK1S
3.2 ! 2"#!$%
NUk\"+l+,^!"-.*1S mno!
.pqpq/06],(g-.1r$bU?U3
+@K1S +l+1rs2gtu)+1rvw$
N\xyz1r!{- s2.|F+3}4z1r
! (Semi-Regular) {5}4z1r! (Irregular)

+p.~@K1S �6)3^/0./q*7(,
+(3\G]s2.+l,+j]l]- xyz1
r!3+j]B,gBU��.~@K1.- TG
N"')3^B\p"?U+1r!3+("dc
dj]BK�qS k\3^mno!"89�,"
:;�$��1(gl3pG)'<w�"��.
�,"dcdef- -.�"�"(=)+��.
>6B7L"?U*1S K7- �?��"��"
>6FN~@K1S �����z1r!"��^
�����5�"@g��G(A�$C'3��
]8B3/0�C.��(7L- p"7(F*p
"C'"!.1r!3+j]B("d.cd@K
1S 6d6- mno!"��^BhBh+C'"
!.�gqpD��C$7pj]/06]BlK
1S T"7L- nE ¡"¢31r!$F£7g
6]N- pq+C'"!.pT*1r!3+j]
B("d.cde+B"*1S
K7- T",^C'$E",gN¤¥.~@K
1S xyz1r!"%3^C'$E.<¦3+l
,+j7N".*,GeG]BK1S T"7L-
-.3?j]C'$E.H+FG(§¨.~()
hUg©ªeGK1S 67.j]- /0"23B
\pG)'"C'$$E1(dgBUI 1",$
�,3^- B\pq+-.$1(dgBUI 2"

,$�,J&.~@K1S
3.3 &'"()
«7¬^- !"-.gC'$E"/03\B]
"­®<¯$- °±!K"�?de²j]6K³
Ug©ª]BK1S 2.1´*µ¶67?U3-°±
!K*^D�LM- 0MZ5"!./01(N·
$O£(Tg.*lK1S Fe3°±!K"PQ
g6]- RS"/03dd(¸2.X"KK¹º
g+j]VG(gBUTg.BªK1S T»¸2
"UB/0V¼�p*,"RS.�?FG("*
1S XT*- °±!K"nE ¡"%*-.1r
!gC'$E!"WXg¹º$O£G�- B\p
q+1r!3+j]- pG)'C'$$E1("
d.cd(^f*1S
T"?U+`a$bU3^- +(£,7,Fq
"°±!K$�?1(J&.~@K1S P3- Y
L 10½5Z[C'¾¢"+l+C'$E$1(u
2^º\L31¿+B]BN"*1S ºÀ\¹"
!.~(+lL"°±!K$©ª]N- X"u^
_^ 0.1¹`a31¿K�qS 67.j]- X"
?U+RS$Á\'(7L3^ÂÀ¹N"°±!
K$�?1(J&.~@K1S ÃÄ- XG�p+
l+C'$E$1(!^ÅK*"gTh°±!K
*^Á\dj]BK�q*67S TG.b3�?
.5c6]B(7L+"d- XGgN°±!K3
~(?U+ÆB! ÇÈdC'!É *^X"?U+
+l+C'$E$6+B"d- ÊdL(J&.~
@K1SK7-°±!K"�C ÇP30MZ5É3
?j]- /0"eË{fF.1c(Tg.GeG
]B("*- °±!K$gh3ÌÍÎÏW'6]
?,Ð(1(TgNJ&*1S
3.4 *+
ÑÒÓ*^i 150¹"!K.jÁFG]BK1

.- k3°l3~(ÑÒ%Ô"m�3*,WX1
(7LkÕ�<Öde 145¹"!K$�?1(T
g.*lK1 Ç¡ 1ÉS ×ÍØ{ÑÒ93~(N"
NJL]- X" 145¹1£]$�?1(Tg36
K67S +d3^!"º.<¦3Ù+,mno!

RnÚo 2005L 4Ú

!"# IRSF/SIRIUS $%& 2'!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

236



!"#$%&'()*+,)-.-/01234
567869!'1':; <'=4 <.>?@A
?B 1CD6>"EF9!2$GAB#$69!
BH0%'1': .9!! 2002&.I(JKL
'4 GM1N6%AO&.P'N 10QEF9!
'=*12; G.+,)RSTN%AO&.UV
P'.W(XYA)ZP.*[\9!B+]$G
A3N^$+,6)01':;

4. !"#$%&'(%)*+

GM1N._`Na+<,-.UVP'6?*
=4 )ZPB*2_`Bb*1':; 2003&..
c/N!019!.Q"3d-N)*P'-/e
=4 f2)3Jgh34.c/N2]=.UVP
'.)ZPBi32$GA!N^17ON':;
5jN!<M1N.klB1Am:-.Bno'
12; 184 23p.UVP'(J4 84p.q'*
)ZPB6r'1': .GMJ!stuvN7
0.2(EF.w8B-?)ZPN4 %AO&3x
yz)ZP{A|#JM12; }tW~P)ZP
N!��Z69]=stuvN.w8!���)
012;� GM1NUVP'Nr?(e=*:x
yz)ZP! 30pE�N':.N7), 8)4 <MB>
56":1N;�':GA6)012; <6��
3=>'=*:���?�.UVP'6@�)Z
PB6r'1':; :{'4 <MJ.UVP'.
?�6!�v?�3���)e=*${�.P'
A��.)*P-@�A�2$GA(J4 <.,
�.��35B6UVP'6�1M=*$)ZP
).(B�(m$CD3/012; ��4 E��
�C.��S��Fh4  ¡��FhAA-6�
vG"B!H'=P'¢.£IB�(m$9!B
be=*12;
Y 3!4¤:�3q'�6r': 84pA42N
6r?(e=*:-.B¥¦7: 358p.)ZP
.W(XYF.-JN2; tW~P3K$�)e
:§¨.L-N4 )ZP6)e=*$GA3¦(
012; 1:4 (J!K)0 3 1.5BM#$+,))Z

P-r?(e=*12; G.+,)P!©NOª
6+e=PN.«�A¬��3PBQ*4 <.­
®\t¯6+e=t�)e=*$A|#JM1
2; 2N6°]:Aa04 G.+,)P!±1N
6r�M=aJ84 UVP'N!¤:�3²m=
6r'1':; 2004&.I6G.,�.*�?(
BRS³ 45 m TUV´µN9!':AG¶4 ©
NOª.·¸N/$>¹¯ºW S»B¼ª'1
':9), 10); }G.+,)t*P.>?.CyS½
¾34 X4DY 3D¿.ÀZ6/012.NÁ[
�{�*;�  S».ÂU"(JÃm:)ZP.
�vG"!UVP'.G"A<M%&\Ä-)
�4 ÅÆ6UVP'.]NÇ¯'=^:PN/$
�^È3É�)01':; Ê?._Ë6t*©N
OªP.p"(J!4 7 5`&.ÌP^)©NO
ªBb,A*,ÍÎ6)012; f2)3J4 s
tuv.9!{�N!©NOª.HNa)b1N
cJM)*.N4 �J6��BÇm$:m6tu
vÏP ASTRO-F6+$9!)&BÍÐ'=*1
2;

Y 3 tW~P)ZP.W(XY; w83 0.2(EF
A�dN^:P!Ñ*/4 <MEu!ÒÓ; Å
v!ef.7 100-. 1(JgÔÕIN1N.
Ö¯×hØ6a�$~P-Ù.Úi; Ûj%&
ÕIN3É*;

k 98À k 4¿

"""""""""""""""""""""""""""""""""" !"# IRSF/SIRIUS $%& 2'

237



5. !"#$%&'(#)*+,

!"#$%$&!'()"#*+,-.$/
"0 1)23456 7$89:)"#);<4=
>'%?@)"#*&A.B0 9 456 CD.:
4=>)E<F,GH 118I)!'()=>JK
L K$8*MNOP$2!):B0 9') 2(
)QR5STUVW)XYZ[:B:4\]D,
GH=>'%?@)"^ B_ `)J C`)Ja
bDH!):B0 C`)5c*!de&=>+:
eDGZ!'fR*!ghUi!'(6 j,6 B_

`)45-kl+!'( (Semi-Regular) Jab
DHc*)1D;[de&ZG!'(m"#$.
B11)0 n!'()=>'%?@)%o5./p0 3

pq)1 23r)s12)*t4&uvG0w 9'
)xG55yz{R:)c*m 0.2$|})(
:6 ~�(�:!dc*)hUi!'(5 C`)
4eDG46�CJmE<�.B0
�=>� n9)��w 51D;[5Fe�J$
2`)45ZF,G.��0 1)�2�)(5[
D!�vGc*Z):6 �2^)XY:5!'m
��:e,G.��0 1)236 1)=>5[D
!/�<]�7$2!):Bm6 !')=>�m

�&ZF,&HCJm\]D,G,6 1)�2�
)89�!�.D,��mde&ZF,GHJ�
�]D.B0 2u$6 47 Tuc 4gG,MNOP$
29Z[*+HJ6 �=>�J:=>�:;g)
`))}4�F,GHCJ5��GZG:$/
"0
deZ<=)jg5 B_ `)��!>HG?"

nB� `)Ja�.Bw 4!'(mZGCJ:B0
BZE^6 �=>�:KLK$8:_6.5$��
>HGJC�4!'(m"#��6 CD5STU
VW)=>'%?@J5�&�ZF2"#:B0
1$,6 C) ¡4@2H_6.5$56 ~�(�
) RGB()¢£A¤'%4�2�.B0 C)C
J56 AGB(u¥:Z& RGB(!!'BHJG
"6 �2^)B¦12), 13)*§¨$,G.B0 .26
STUVW:XYvDH B � `))!'(56
~�(�45�.DZG©G(mª«$2¬uJ
­Y:e.B0 j,6 ~�(�:C)'%*C�
H�"Z AGB(5[D! C`))hUi!'(
4ZHJG"CJmE<�.$20 v]46 ®D
E�m B_ `)6 B� `)6 C`):�ZH)<[
"<JG"¯°!6 1 23r*'±J$,ª3
,G.B0

6- ./01'23*45

¢²46 CD.:³A,e2´(ª«)µF)
;<4!6 �2^)¶·¸m!g¹G�4gG
,6 ºHJ»¼*½3,¾¿$,Àe.B0 CD
.:yz{R:XYmÁED,GH~�(�5-
ÂI%4ÃÄ.��:$20 �2^5CD*jÅ
4 95Æ.:£3.$20jg)XYÇÈ:JÉÊ
K4�F,CDu¥Ë�4L]D2¶·¸56 ¹
Ì':!ÍÎ$.��0 $2mF,6 ~�(�)
�®*MÏ+4µFBH"�:6 2GÐ�NÑZ
¶·¸JG�.B0 2J�b6 9 55z7´("
Ò)7mÓÔD4�F,!«BHJG"?@*Õ
$2!):B nÓÔDm£G;[´("Òmz&
ZHw0 C)?@56ÓÔD*"':YHCJmO

9 4 =>'%?@0 c*m 0.2$|}JÖP:e2
(5xG56 1D|{5×Ø0 QR5STUV
W:Ù3]D2=>'%?@) B_ `)J C

`)0

./p0 2005Q 4p

!"# IRSF/SIRIUS $%& 2'!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

238



!"#$%&'()*+,-+./0123*4
%56789":; <=> .?@+.ABCD(
/E+3F/GH12%7IJ> :K2+.?/
L%2M7NOB"P6Q> R.STU/VP$
WXBY7"1ZF; N+3F/[<\<$]^
/_`2%=ab73F$cd($efghJi
j:7=k/> lmnopq@":;

! "

dr#st+uvwx/cy%2%<:; z{
|%=a%=}~VU�xU��]^��f�+
@�����O������/��J�1��<
:; <=> :Q51%��J��> ���DJ�
�12*a[`=���VU�  Z]O¡¢�
x£+89:7:K2+¤¥/¦§%=1<:;

# $ % &

1) Renzini A., Fusi Pecci F., 1988, ARA&A 26, 199

2) Rosenberg A., et al., 2001, A&AS 145, 451

3) Clark G. W., et al., 1975, ApJ 199, L93

4) Bailyn C. D., 1995, ARA&A 33, 133

5) Frogel J. A., et al., 1983, ApJS 53, 713

6) Romanishin W., Angel J. R. P., 1980, ApJ 235, 992

7) Frogel J. A., Whitelock P. A., 1988, AJ 116, 754

8) Clement C. M., et al., 2001, AJ 122, 2587

9) Matsunaga N., et al., 2005, PASJ 57, L1

10) ¨©ª«> 2004, ¬­�®�> 12¯°> 13

11) Ita Y., et al., 2004, MNRAS 347, 720

12) ± ²³> 2005, �x¯´ 98, 3¯°> 163

13) Ita Y., et al., 2002, MNRAS 337, L31

14) Ferraro F. R., et al., 2000, AJ 119, 1282

µ 5 ¶·¸.?+¹0 Kº»¼5.5 º/�b7½¾
¿.GÀ+¾OÁÂÃ [Fe/H] O+89; ÄÅ
#Æ=Ç+È�fÉ+ÊË"> ÌÅ# Ferraro

514)/37Í+ .

The Evolution of Red Giants in Globular

Clusters

Noriyuki MATSUNAGA
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Abstract : We have been observing 145 globular

clusters in our Galaxy for the last 3 years to

study red varaibles stars. We have discovered

many new variables, which include very red stars

with heavy mass loss. We discuss the evolution

of the red variables from their distribution in

color-magnitude diagram and period-luminosity

diagram.
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