Cluster of Galaxies Dark Matter $N 3,AX9=B$ (?) KRLn=_0lO: El5~Bg3XBg3X1!Am9gJ82=8&5f2J 35MW 1. A0$*$- 2. 4QB,$H$=$N2r<a 3. 4QB,$N2r<a$N2r<a 4. ?tCM<B83$H$=$N2r<a 5. ?tCM<B83$K$*$1$k:$Fq 6. $^$H$a

A0$*$- $J$<6d2OCD0E9uJ*<A$N3,AX9=B$$H$$$&OC$r$9$k$N$+!) � 4QB,E*$K$=$&$$$&OC$,$$$m$$$m$"$k { KREg$5$s$N%0%k!<%W$K$h$k0lO"$N4QB, (F ornax, Hydra A, A1060 Ey ) !V X @~%,%9$H%@!<%/%^%?!<$K 2 @.J,$"$k!W � M}O@ { Hierarac hical Clustering %7%J%j%* | $J$s$+4X78$"$j$=$&!) { 6d2OCD%@!<%/%O%m!<$N9=B$$K4X$9$k!V?7$7$$7k2L!W Na v arro, F renk, White $K$h$k \Univ ersal Pro�le" $I$&$b4QB, | ?tCM<B83 | 2r<a!JM}O@!K$N4X78$,$9$C$-$j$7$J$$!# 0l1~!"A4BN$r:F9=@.$7$F!"$$$C$?$$$I$&$$$&OC$+$r9M$(D>$7$F$_$k!#

!V4QB,;v<B!W !V3,AX9=B$!W � Ik eb e et al. ApJ 481, 666 (1997) Hydra A %/%i%9%?$N ASCA $K$h$k4QB,

Hydra A $N X @~%,%9$N9=B$ \Single � %b%G%k$G$O%U%#%C%H$G$-$J$$ " \Double � %b%G%k$G$O%U%#%C%H$G$-$? "

F ornax 6d2OCD$N%@!<%/%^%?!<$N9=B$ !JCSJU!"Gn;NO@J8!K 50|100 Kp c $"$?$j$GMn$A9~$‘ = NO3XE*$KFHN)$J 2 $D$N9=B$!) � Hydra A, Centaurus $G$bF1MM$N7k2L (Ik eb e et al. ) � $$$/$D$+$NBJ1_6d2O$G$bF1MM$N7k2L (Matsushita et al. , NGC4636) BJ1_6d2O!"6d2OCD$KIaJWE*$J9=B$!)

JL$N2r<a = Co oling Flo w M}O@E*$K$O!’ � Cf?4$G!V 29EY$,2<$,$C$F$$$k !W � Cf?4$G Co oling time $,1’ChG/Np$h$jC;$$ ! J|<M$G <:$o$l $F$$$k %(%M%k %.!<$r!"Fb 8~$-$N %,%9%U %m!<$G6! 5k$9 $kI,MW$,$"$k!# = Co oling Flo w LdBjE@ � Cf?4$K$$$C$?%,%9$O$$$C$?$$$I$&$J$k$N$+!) � $=$l0J30$N2r<a$O$J$$$N$+!) Cluster Co oling time Mass o w (Gyr) M � /yr Cen taurus 0.5 20 A1060 2.2 10 Hydra-A 1.8 300

Co oling Flo w Cluster $NNc Edge et al. MNRAS 1992, 258, 177 EX OSA T + EINSTEIN, A496 � E57?E*$K$OCf?4$G 1 7e6a$/29EY$,2<$,$k

2r@O$O$J$K$r$d$C$F$$$k$N$+!) 5?Ld!’ !V3,AX9=B$!W$H!V Co oling o w !W!’$$$C$?$$$I$&$$$&4X78$J$N$+!) MW$9$k$K!"$=$l$>$l$I$&$d$C$F2r@O$7$F$$$k$N$+!)$H$$$&$3$H!# = !V � %b%G%k$H$O2?$+!)!W$H$$$&$3$H $I$A $i $N %b %G %k $b!" !V � %b %G %k $G 9g $o $J $$ $b $N $r @b L@ $9 $k!W $H $$ $& O@M}$K$J$C$F$$$k!# DL>o$N@bL@!’ � %b%G%k$H$O � Ey29J,I[$N%@!<%/%O%m!<!J@1$b9g$o$;$F!K � Ey29%,%9 � B.EYJ,;6$NHf = �

� %b%G%k$H$O2?$+!) Ey29J,I[$NJ}Dx<0!’ d dr 0 @ r 2 d log � dr 1 A = � 4 � Gm k B T �r 2 %,%9$NB.EYJ,;6!a91@17O$NB.EYJ,;6$J$i!"%,%9$NJ}Dx<0!’ d dr 0 @ r 2 d log � g dr 1 A = � 4 � Gm k B T � s r 2 !J � s $O@1$H DM $N9g7W!K 2r!’ � g = C � s %,%9$H91@17O!JL5>WFMJ*<A!K$N29EYHf!’ T g =T s = 1 =� %,%9$NL)EY$,=>$&J}Dx<0!’ d dr 0 @ r 2 d log � g dr 1 A = � [ >e$N<0$N1&JU ] 2r!’ � g = C � � s 29EY $, 9b $1 $l $P Ey 29 2r $K Hf $Y $F 79 $- $, 4K $/ $J $j!" Dc $1 $l $P $h $j 5^ $K $J$k!#

Ey292r$H � %b%G%k 0J2<$N<ANLJ,I[ � = � 0 [1 + ( r =r c ) 2 ] � 3 = 2 $r9M$($k!# $3$l$O r < 2 : 5 r c DxEY$J$i$P Ey292r$NHs>o$K$h$$6a;w$K$J$C$F$$$k!# $3$l$r91@17O$NJ,I[$H;W$($P!"%,%9$NJ,I[$O � = � 0 [1 + ( r =r c ) 2 ] � 3 � = 2 $H2r@O4X?t$G =q$1$k!# X @~ $N6/EY $O!"$3$l$O L)EY$N 2 >h$r ;k@~J} 8~ $G@QJ,$7$?$b$N$H;W$C$F$$$$!#$D$^$j I ( r ) = 2 Z 1 0 � ( p r 2 + z 2 ) 2 dz $H$J$k$o$1$@$,!"$3$l$O@QJ,$G$-$F!" I ( r ) = C [1 + ( r =r c ) 2 ] � 3 � +1 = 2 r > 3 r c $G$O!)

Ey292r$H � %b%G%k <B@~!’Ey292r GK@~!’ � %b%G%k 7k9=$9$0$K9g$o$J$/$J$k

!V3,AX9=B$!W$NO@M} !VC10l � %b%G%k$G$O9g$o$J$$!W ! ;D$j$r$b$&0l$D � %b%G%k$r;}$C$F$-$F9g$o$;$k ! %@%V%k � $G9g$o$;$k$H4QB,7k2L$O8m:9$NHO0O$G@bL@=PMh$k !V$b$C$H$bC1=c$J%b%G%k!W LdBjE@ %@!<%/%^%?!<!J!\@1!K$NJ,I[$K � %b%G%k$r2>Dj$9$kI,A3@-$O$J$$ !V � %b%G%k$r 2 $D=E$M$k!W$3$H$NJ*M}E*$J0UL#$,L@3N$G$J$$!# r > 3 r c $G$b$=$N$^$^;H$o$l$F$$$k 2 $D =E $M $k $+ $i!" 3j $i $+ $K $J $i $J $$ !a DM J, I[ $N !V3, AX 9= B$!W $N 5/ 8;

!V Co oling Flo w !W$NO@M} !VC10l � %b%G%k$G$O9g$o$J$$!W ! $:$l$O29EYJ,I[$N$;$$$G$"$k$H$9$k ! 29EY$, $-$A$s $H7h$^$C$F $$$k4Q B,$O$J $$$N$G!" $"$i$f $k4QB, $K9g $o$;$i$l$k LdBjE@ %@!<%/%^%?!<!J!\@1!K$NJ,I[$K � %b%G%k$r2>Dj$9$kI,A3@-$O$J$$ r > 3 r c $G$b$=$N$^$^;H$o$l$F$$$k !V Co oling Flo w !W ? 86M}E*$JLdBjE@!’29EY$,7h$^$C$F$J$$ ASCA $NJ,2rG=$G$O$[$H$s$I$N6d2OCD$GCf?4$rJ,2r$G$-$J$$ ASCA $G29EY$r7h$a$k$N$OHs>o$KFq$7$$!J PSF $,J#;(2x4q!K EINSTEN, R OSA T $O29EY $,$o$+ $i$J$$ !J 3 � 4k eV $" $?$j$^$G $7$+ B,$l$J$$!K 3N<B$K$$$($k$3$H!’ !V%@!<%/%^%?!<$NJ,I[$O � %b%G%k$H$O$@$$$V0c$&!W

?tCM<B83$H$=$N2r<a 4QB,$OFq$7$=$&$J$N$G!"M}O@!J?tCM<B83!K$G$J$K$+$$$($J$$$+!) 1’ChO@E* N BN7W ;;$G6d 2OCD$N%@!< %/%^%?!< J,I[$,$I $&$J$k $+D4$Y$h $&!* Na v arro, F renk, White (1996, 1997) !V9bJ,2rG=!W N BN7W;;$G$J$K$,=PMh$k$+D4$Y$? 7k2L!’ \univ ersal pro�le" � CDM %7%J%j%*$K$h$k9=B$7A@.$r9M$($?;~!" CDM $,:n$k<+8J=E NO7O!J%,%9$H$+@1$r9M$($J$$!K$O � / 1 r � (1 + r � 2) 2 $N7A$K=q$1$k � $3 $N 7A $O %f %K %P!< %5 %k $G!" Nc $( $P 0l $D $N 6d 2O $G $b 6d 2O CD $G $b F1 $8$G$"$k (NFW 1997)

NFW $N7k2L

$b$7$b NFW $,@5$7$1$l$P!"!"!" Makino, Sasaki Suto (1998, ApJ 497, 555) $O NFW pro�le $N $b$H $G @E?e05J?9U$N<0$r$H$$$F!" X @~%,%9$NJ,I[$r5a$a$?!#

NFW $r?.$8$i$l$k$+!) NFW $N7W;;!’%O%m!<0l$D$KE57?E*$K$O 10 4 BNDxEY LdBjE@!’Cf?4It$G$NFsBN4KOB;~4V$,1’ChG/Np$h$j$O$k$+$KC;$$ 4KOB;~4V$r!V==J,D9$/!W$7$?7W;;$O=PMh$J$$$+!) $H$K$+$/N3;R?t$rA}$d$7$F$_$h$& F ukushige and Makino 1997 (ApJ 477, L9) � NFW $,$$$C$F$$$k$h$&$JCf?4$G 1 =r $K$J$kJ,I[$K$O$J$i$J$$ � � � r � 1 : 4 DxEY$K$J$C$? � ?.MQ$G$-$k$N$O 1-2kp c $^$G Mo ore et al. (1998, ApJ 499, L5) $bF1MM$J7k2L

F ukushige & Makino $N7k2L

NFW $N7k2L$N2r<a � !V univ ersal !W$K$J$C$?$N$O?tCM7W;;$N8m:9$N$?$a$G$"$C$?!J$9$Y $F $N 7W ;; $G N3 ;R ?t $, F1 $8 Dx EY!" %= %U %H %K %s %0 %Q %i %a!< %? $b F1 $8 DxEY$@$C$?$N$G!"7k2L$,$=$N 2 $D$G7h$^$C$F$$$?!K!# � $A$c$s$H7W;;$7$?$i$I$s$J$b$N$,$G$-$k$+$O$^$@$o$+$i$J$$!# F ukushige & Makino : GRAPE-4 $G 1 =54V Mo ore et al. : 7W;;5!EyITL@ $I$3$G$b$G$-$k$h$&$J7W;;$G$O$J$$

$^$H$a � !V4Q B, $+ $i <( :6 $5 $l $k 3, AX 9= B$!W $H $$ $& $b $N $,!" %b %G %k 2= $H 2r <a$K$h$k artefact $G$J$$$HH=CG$9$k$N$OFq$7$$ � ?tCM<B83$+$i$O!"$+$j$K standard CDM $H$+%b%G%k$r7h$a$F$b!" %/ %i %9 %?!< Fb $N %@!< %/ %^ %?!< $N 9= B$ $K $D $$ $F $O$C $- $j $7 $? $3 $H $r$$$&$N$O7k9=Fq$7$$ 8@$$BX$($l$P!"!"!"!" � 9bJ,2rG=$N4QB,!JFC$K 10 keV DxEY$G6u4VJ,2rG=$N9b$$4QB, � 9b@:EY!JBgN3;R?t!K$N%7%_%e%l!<%7%g%s $,!"8= :_ $N M} 2r $H $O $^$C $? $/ 0c$C $? IA A| $r $b $? $i $9 2D G= @- $O $= $s $J $KDc$/$J$$ � AXAF � GRAPE-6