X-ra y Pulsar Rush in 1998 :#@> 7r2p!"DTK\ 6)90!"@>Fb K~H~;R!"2#@n =_!">.;3 >!Fs ( 5~BgM} ) 1 Abstract W e presen t recen t remark able topics ab out disco v eries of X-ra y pulsars. 1. Pulsations from t w o Soft Gamma-ra y Rep eaters These pulsars ha v e enormously strong magnetic �eld (B � 10 15 G), th us these are called as \magnetar", new t yp e of X-ra y pulsars. 2. New Crab-lik e pulsars These disco v eries lead to suggesting univ ersalit y of Crab-lik e pulsars. 3. An X-ra y bursting millisecond pulsar This is strong evidence for the recycle theory of generating radio millisecond pulsars. 4. X-ra y pulsar rush in the SMC This indicates the y ounger star formation history in the SMC. 2 X @~%Q%k%5!<$NJ,N‘ EEGH4Q B,$H F1 MM!" X @~$K $* $$$F $b Cf@- ;R @1$O $d $O$j %Q %k%5!< $H $7$F 4Q B,$5 $l $k!#$? $@ $7$= $N 7A BV$O!" $$ $o$f $k EEGH%Q%k%5!<$N$h$& $JC1FHCf@-;R@1 $@$1$G$J$/!"O" @17O$r$J$9$b $N$bB8:_$9$k!#$= $l$>$l$NL>>N $HFCD’$r0J2< $K5s $2$k!# � Crab-lik e pulsar (rotation-p o w ered pulsar) : C1FHCf@-;R@1$,$=$N2sE>$K$h$k1?F0%(%M%k%.!<$r X @~ $H $7 $F J| =P $9 $k %Q %k %5!<!# Be I= Nc $O %+ %K @1 1@!# EE GH %Q %k %5!< $h $j G/ Np $, <c $/!" D6 ?7 @1 ;D 3< (SNR) $K IU ?o $7 $F$$$k$N$,Bg$-$JFCD’!#<~4|$O 10{100 msec $HB.$/!"<+E><~4| ( %Q%k%9<~4| ) $O=y!9$KCY$/$J$C$F$$$/!# � Accretion-p o w ered pulsar : Bg ( >. ) <A NL @1 $H Cf @- ;R @1 $N O" @1 7O (High/Lo w Mass X-ra y Binary; HMXB/LMXB) !# Cf @- ;R @1 $X $N <A NL 9_ Ce $K $h $j $= $N =E NO %( %M %k %.!< $r X @~ $H $7 $F J| =P $9 $k!# <~ 4| $O 1{ ?t 100 sec $K=8Cf$7$F$*$j!"<+E><~4| ( %Q%k%9<~4| ) $OB.$/$J$C$?$jCY$/$J$C$?$j$9$k!# 4QB,E*$J0c$$$OB?!9$"$k$,!"J*M}2aDx$K$*$1$k:G$bBg$-$J0c$$$O$=$N X @~%(%M%k%.!<$N6!5k8; ( 1?F0%(%M%k%.!<$H =ENO%(%M%k%.!< ) $G$"$k!# 3 X @~%Q%k%5!<4QB, : :G6a$NOCBj 3.1 Soft Gamma-ra y Rep eater $+$iH/8+$5$l$??7<o$N%Q%k%5!< : magnetar Soft Gamma-ra y Rep eater (SGR) $H$O!"$$ $o$f $k Gamma-ra y Burst (GRB) $H$O>/ $7@-<A $r0[ $K$9$k 0l72 $N burst 8;$G!":#$^$GA4E7$K 4 $D$,CN$i$l$F$$$k!#$=$NFCD’$O0J2<$N 3 $D$G$"$k!# 1. GRB $h$jDc%(%M%k%.!<$N%,%s%^@~$rFMH/E*$KJ|$D!#$7$+$bC;;~4V$G2?EY$b7+$jJV$9!# 2. D6?7@1;D3<$KIU?o$7$F$$$k!# 3. 4 $D$N$&$A 3 $D$OD6?7@1;D3<Cf$K X @~E@8;$NB8:_$,3NG’$5$l$F$$$k!# $=$N@5 BN$O A4$/ Ff$G $"$C$?$,!" FCD’ 2 !" 3 $+ $i!"D6 ?7@1 ;D3< $KB8 :_$9 $kC1 FHCf @-;R@1 $G$O $J$$ $+!"$b $7$= $&$J $i%Q %k%9$,8!=P$G$-$k$N$G$O!"$H$$$&$3$H$,<(:6$5$l$F$$$?!# $=$7$F$D$$$K 1998 G/!" 2 $D$N SGR $KIU?o$9$k X @~E@8;$+$i%Q%k%9$,8!=P$5$l$?!# SGR 1806 � 20 (P=7.47sec) [ 1 ] $H SGR 1900+14 (P=5.16sec) [ 2 ] [ 3 ] [ 4 ] $G$"$k!# $3$l$i$N%Q%k%5!<$O P- _ Pdiagram >e$GFC<l$J 0LCV$r@j $a$k ( ?^ 1 $N @10u ) !#<’5$ AP6K;RmU<M $r2>Dj$9 $k$H!" B = 3 � 10 19 p P _ P G $K $h $j <’ >l $r 5a $a $k $3 $H $, $G $- $k $,!" $3 $l $i $N SGR $O � 10 14 � 15 G $H $$ $& D6 6/ NO $J <’ >l $r M-

$7!"EEGH%Q%k%5!<$d Crab-lik e pulsar $G $"$kIaDL$N Cf@-;R@1 (B � 10 12 � 13 G) $H$O L@$i$+$K JL$N$b$N$G $"$k$3$H$, $o$+$C$?!#$3$N?7<o$N%Q%k%5!<$r!"6/NO$J<’>l$KMm$a$F \magnetar" [ 5 ] $H8F$V!# magnetar $N $b $& 0l $D FC <l $J E@ $O!" $= $N X @~ %( %M %k %.!< $N 6! 5k 8; $G $" $k!# ?^ 2 $K 2s E> %( %M %k %.!< %m %9 ( � _ E r ot ) $H X @~ 6/ EY (L X ) $N 4X 78 $r <( $9!# Crab-lik e pulsar $G $O � _ E r ot >> L X $H $J $j!" 2s E> %( %M %k %.!< $N 0l It $r X @~ $K $7 $F $$ $k $H 9M $( $F $h $$ $,!" magnetar $O 5U $K � _ E r ot > L X $J $N $G!" 2s E> %( %M %k %.!< $G $O B- $j $J $$ $3 $H $, $o $+ $k!# $^ $?!" <A NL 9_ Ce $N >Z 5r $b F@ $i $l $F $$ $J $$ $N $G!" =E NO %( %M %k %.!< $H $$ $& $3 $H $b 9M $( $K $/ $$!# $3 $& $$$C $? $3 $H $+ $i!" magnetar $K$OBh 3 $N%( %M%k%.!<8;$r9M$($J$/ $F$O$J$i$J$$!#$=$N 8uJd$H$7$F??$C@h$K;W $$$D$/$N$,!"K-IY$K B8:_$9$k<’>l$N%(%M%k%.!<$G $"$k!#4QB,E*$J>Z5r$O $^$@F@$i$l$F$$$J$$ $,!" magnetar $O=ENO / 1?F0%(%M%k%.!<$G $J$/!"Bh 3 $NMWAG$G$"$k<’>l$N%(%M%k%.!<$rJ|=P$7$F$$$k2DG=@-$,$"$k$N$G$"$k!# $H$3$m$G!"$3$l$i$N SGR $HHs>o$KFCD’$,;w$F$$$k0l72$N X @~%Q%k%5!<$,B8:_$9$k!#$3$l$i$O Anoumalous X- ra y Pulsar (AXP) [ 6 ] $H8F$P$l!" P- _ Pdiagram $G$b$d$O$j SGR $HF1$8$h$&$J0LCV$KMh$k ( ?^ 1 $N;M3Q ) !#$=$N@5BN $K 4X $7 $F!" 0l $D LL Gr $$ 2> @b $, Ds >’ $5 $l $F $$ $k!# SGR $+ $i AXP $X $N ?J 2= @b $G $" $k!# ?^ 3 $K SGR $H AXP $N G/ Np $H<’>l $N 4X78 $r <($9!# $3$l $r 8+$k $H!" SGR $, <’>l $r deca y $5 $; $F AXP $K $J$C $F$$ $k $H$$ $&$h $& $JIA A| $,M= A[$G $-$k!#:#8e$N4QB,$G!" AXP $+$i%,%s%^@~3hF0$,3NG’$5$l$l$P$3$N2>@b$O$$$h$$$h8=<BL#$rBS$S$F$/$k$@$m$&!# ?^ 1: P- _ Pdiagram ?^ 2: 2sE>%(%M%k%.!<%m%9 ( � _ E r ot ) $H X @~6/EY (L X ) $N4X78 ?^ 3: SGR $H AXP $NG/Np$H<’>l$N4X78

3.2 Crab-lik e pulsar $NAj<!$0H/8+ Crab-lik e pulsar $O!" Bg <A NL @1 $N D6 ?7 @1 Gz H/ (I I 7? D6 ?7 @1 Gz H/ : T yp e I I SN) $K $h $j @8 @. $5 $l $k $H 9M $( $i $l $F$$$k!# T yp e I I SN $O6d2O7OFb$G$*$h$= 100 G/$K 1 2s5/$3$k$H$$$o$l$F$$$k!#0lJ}!"$3$l$^$G$N4QB,7k2L$+$i!" Crab $OCf@-;R@1$NCB@8$+$i8=:_$^$G$*$h$=H>J,$N1?F0%(%M%k%.!<$rJ|=P$7$?$H$$$o$l$F$$$k$N$G!"$=$NG/Np ( � 1000 G/ ) $+ $i 9M $($k $H Crab-lik e pulsar $O ?t 1000 G/ $O 51$- B3 $1 $k $H9M $( $i $l $k!#$9 $k $H!" T yp e I I SN $G3N <B $K %Q %k %5!<$,=PMh$k$H$9$k$J$i!"8=:_!"?t 10 8D$N Crab-lik e pulsar $,B8:_$9$k$HM=A[$5$l$k!# $7$+ $7!" => Mh!" Crab-lik e pulsar $O 6d 2O 7O Fb $G $O $o $: $+ 3 Nc (Crab !" V ela !" PSR B1059 � 58) $, CN $i $l $F $$ $k$N$_$G$"$C$? ( $5 $i$KBg%^%<%i%s1@$K PSR B0540 � 69 $, 1 NcH/8+$5 $l$F$$$? ) !#$3$N?t$OL@$i$+$K>/$J2a$.$k!# $=$b $=$b!" T yp e I I SN ! Crab-lik e pulsar $H $$$& N. $l<+ BN $b2x $7 $$$N $G $O!"$H $$$& 5? Ld$, ;D $5$l $F $$$? $N$G $" $k!# $=$N$h $&$J GX 7J$N Cf!" 1997{98 G/ $K$+ $1 $F ?7$? $J Crab-lik e pulsar $N H/8+ $, Aj <!$$ $@!# $=$N ?t $O 4 $D ( 6d 2O 7O Fb$G 3 $D!"Bg%^ %<%i%s 1@$G 1 $D ) $K$b >e$j!" Crab-lik e pulsar $N?t$O 0l5$ $KG\A} $7$?!#$$ $^$@?t $O=<J, $H$O8@ $($J $$$b$N$N!" Crab-lik e pulsar $, T yp e I I SN $G@8@.$5$l$k$H$$$&@b$O!"$"$kDxEYDjNLE*$KI>2A$G$-$k%l%Y%k$K$OC# $7$?$H8@$C$FNI$$$@$m$& ( $7$+$7 T yp e I I SN $G$"$k SN 1987A $G$$$^$@$K %Q%k%5!<$,H/8+$5$l$J $$$N$O0l$D$NFf $G$O$"$k ) !# 0J2<$K?7H/8+$N%Q%k%5!<$r>R2p$9$k!# � G11.2 � 0.3 [ 7 ] : <~4| 65 msec !#Nr;K>e$K ;D$C$F$$$k A. D. 386 G/$ND6?7@1GzH/$K$h$j@8@.$5$l $?$H9M$($i$l $?$,!"8=:_$O$=$NAj4X$O$d$d5?Ld;k$5$l$F$$$k!# � R CW103 [ 8 ] : <~ 4| 69 msec !# D6 ?7 @1 ;D 3< $NCf ?4 $G $O $J $/!" C< $N J} $K $" $k X @~ 8; $+ $i %Q %k %9 $r 8!=P $7 $?!# $* $=$i$/GzH/;~$KCf@-;R@1$,6/$$ kic k v elo cit y $r<u$1$FHt$P$5$l$?$N$@$m$&!# � N157B [ 9 ] : <~4| 16 msec !#Bg %^%<%i%s1@ (LMC) $NM- L>$JD6?7@1;D 3< SN1987A $N6a=j$KB8 :_$9$k!# Crab- lik e pusar $NCf$G$O:GB.!# � Puppis A [ 10 ] : <~4| 75 msec !# 3.3 X-ra y bursting millisecond pulsar $NH/8+ ( EEGH ) %_ %j IC %Q %k %5!< $H 8F $P $l $k 0l 72 $N %Q %k %5!< $, B8 :_ $9 $k ( ?^ 1) !# FC D’ $O!" (1) B. $$ <~ 4| (1{10 msec) !" (2) <e$$ <’ >l (10 9 � 10 G) $G $"$k!# $H $3 $m $G!"Cf @- ;R @1$O G/ $H $H $b$K 2s E> $H<’ >l $r <e $a$F $$ $/ $H9M $( $i $l $F$$ $k $N $G!"$3$NB.$$2sE>$H<e $$<’>l$H$$$& $N$OL@$i$+$KL7 =b$7$F$$$k$N $G$"$k!#$=$N@8 @.%7%J%j%*$H$$ $&$N$O0l$D$N 5?Ld $G $"$C $?!# $$ $/ $D $+ $N @b $, >’ $( $i $l $? $,!" Cf $G $b :G $b M- NO ;k $5 $l $F $$ $? $N $, !V%j %5 %$ %/ %k @b!W [ 11 ] $H $$ $& $b $N $G $"$k!#$=$l$O!" 1. C1FHCf@-;R@1$,CB@8 (B � 10 12 G) !# 2. 2sE>!"<’>l$,<e$^$j!"%Q%k%5!<$H$7$F$O!V;‘!W$r7^$($k (B � 10 9 G) !# 3. 6u4V$rI:$C$F$$$k$&$A$K>.<ANL@1$KJa$^$j!"O"@17O$r:n$k!# 4. >. <A NL @1 $+ $i Cf @- ;R @1 $K <A NL 9_ Ce $, 5/ $3 $j X @~ $G 51 $- =P $9 (LMXB) !# Cf @- ;R @1 $O g1 Ce J* <A $+ $i 3Q 1? F0 NL $r $b$i$$2sE>$rB.$a$k!# 5. <ANL9_Ce$,;_$^$j!"<YKb$J$b$N$,$J$/$J$C$?Cf@-;R@1$O%_%jIC%Q%k%5!<$H$7$F51$-=P$9!# $H $$ $& $b $N $G $" $k!# $3 $l $^ $G!" $3 $N @b $N :G $b IT Dj $J E@ $O 4 $+ $i 5 $X $N ?J 2= $G $"$C $?!# $3 $N %7 %J %j %* $r ?. MQ $9 $k $J $i!"$" $k Dx EY G/ $r 7P $? LMXB $O %_ %j IC $G %Q %k %9 $r =P $9 $O $: $G $" $k!# $7 $+ $7!" LMXB $N %Q %k %5!< $O $3 $l $^ $G $$ $/ $D$+8+$D$+$C$F$$$?$,!"$=$N<~4|$O$$$:$l$b � 1 ICDxEY$G$"$C$?!# 1998 G/!" $= $N 5? Ld $r 2r >C $9 $k $h $& $J X @~ E7 BN $, H/ 8+ $5 $l $?!# $= $l $O SAX J1808 � 3658 = XTE J1808 � 359 $H $$ $& L> A0 $G!" $b $H $b $H X @~ %P!< %9 %H 3h F0 $r 8+ $; $k LMXB $H $7 $F H/ 8+ $5 $l $F $$ $? [ 12 ] !# $J $s $H $3 $N E7 BN $+ $i X @~$G 2.49 msec $N%Q%k%9$,8!=P$5$l$?$N$G$"$k [ 13 ] !#%j%5%$%/%k@b$r;Y;}$9$k=EMW$J>Z5r$G$"$k!#

3.4 >.%^%<%i%s1@$G$N%Q%k%5!<%i%C%7%e >.%^%< %i %s 1@ (Small Magellanic Cloud: SMC) $O LMC $N <! $K 2f!9 $K 6a $$6d 2O $G $" $k!# $3 $3 ?tG/!" SMC $G X @~ %Q %k %5!< $N H/ 8+ $, Aj <! $$ $G $$ $k!# 1997 G/ Kv $+ $i 1999 G/ $K $+ $1 $F <B $K 12 8D (!) $b $N X @~ %Q %k %5!< $, H/ 8+ $5 $l!" 0J A0 $+ $i CN $i $l $F $$ $? 3 $D $r 2C $( $k $H $= $N ?t $O 15 8D $K $b 5Z $V ( I= 1) !# $^ $5 $K \ %Q %k %5!< %i%C %7%e " [ 14 ] $G $" $k!# $3$l$i$N%Q%k%5!<$N$&$A 13 8D$O0J2<$N6&DL$NFCD’$rM-$7$F$$$k!# � <~4|$,ICC10L (0.7{320 sec) � 9b%(%M%k%.!<$^$G?-$S$k%9%Z%/%H%k � G/C10L$G$N7c$7$$6/EYJQF0 � ( 0lIt$O ) 8w3X4QB,$K$h$jBg<ANL@1$HO"@17O$r$J$9$3$H$,$o$+$C$? $3$l $i $N FC D’ $O A4 $F HMXB Pulsar $K NI $/ 8+ $i $l $k $b $N $G $" $k [ 15 ] !# $D $^ $j!" SMC $N X @~ %Q %k %5!< $O $[ $H $s $I $, HMXB $J$N$G$"$k!# $H$3$m$G :#2s $N \ %Q%k %5!<%i%C %7%e " $O!" SMC $N 0[>o $JE7 BNL) EY$r L@$i $+$K $7$?!# ?^ 4 $K SMC $H2f!9 $N6d 2O 7O$N HMXB ( %Q %k%5!< $G $J$$ $b $N$b 4^ $‘ ) $H LMXB $N 8D ?t$N Hf 3S$r <( $9!#$? $@!" SMC $H2f!9 $N 6d2O 7O $OBg $-$5 $,A4A30c$&$N$G!"$=$N<ANLHf (SMC : Our Galaxy = 1 : 100) $G5,3J2=$7$F$"$k!#$3$l$r8+$k$H0lL\NFA3!" SMC $G HMXB $NHfN($,05E]E*$KBg$-$$$3$H$,$o$+$k!#$3$l$O0lBN2?$r0UL#$7$F$$$k$N$+!) 0lHL$K HMXB $NCf@-;R@1$N G/Np$O!"$=$NH<@1$N G/Np$+$i � 10 7 G/$H8@ $o$l$F$$$k!#0lJ}!" LMXB $O 3.3 @a$G $b=R$Y$?$h$&$K@8@.$K$$$/$i$+$N%?%$%‘%i%0$,$"$k$?$a!"G/Np$O 10 8 � 10 9 G/$H9bNp$K$J$C$F$7$^$&!#$3$l$+$i!" SMC $N HMXB 2a B? $O!" SMC $G 10 7 G/ $" $? $j $+ $i 5^ 7c $K @1 7A @. $, 3h H/ $K $J$C $? $3 $H $r I= $7 $F $$ $k $N $G $O $J $$ $+ $H9M$($i$l$k!#<B:]!"@1 CD$N4QB,$J$I$K $h$k$H!" SMC $N@17A@.$O LMC $d Our Galaxy $h$j CY$l$F3hH/$K$J$C $? $H8@$o$l$F$$$k!# \ %Q%k%5!<%i%C%7%e " $O!" SMC $,<c$$6d2O$G$"$k$3$H$N>Z5r$J$N$G$O$J$$$+!) I= 1: SMC $N#X@~%Q%k%5!< L>A0 ||||| H/8+;~ ||||| $"$9$+$G$N Refs. G/ 1R@1 <~4| (s) <~4| (s) SMC X-1 z 1976 (Ro c k et) 0.716 0.70876 a [16][17] 0.710143 b 0.706481 c RX J0059.2 � 7138 z 1994 R OSA T 2.7632 2.7632 [17][18] 2E 0050.1 � 7247 z 1995 R OSA T 8.88 | [17][19] AX J0051 � 722 1997 RXTE, ASCA 91.1 91.1 [20][21] 1W GA J0053.8 � 7226 z ASCA 46.63 46.63 [20][22] XTE J0054 � 720 1998 RXTE 169.3 | [21][23] XTE J0055 � 724 z RXTE, Bepp oSAX 58.97 59.00 [24][25] AX J0049 � 729 � RXTE, ASCA 74.68 74.68 [20][26] AX J0051 � 733 �z ASCA 323.2 323.2 [23][27][28][29] AX J0058 � 720 � ASCA 280.4 280.4 [27] 1SAX J0103.2 � 7209 z Bepp oSAX 345.2 348.9 [25][30][31][32] AX J0105 � 722 �y ? ASCA 3.34300 3.34300 [33] AX J0049 � 732 � ? ASCA 9.1321 9.1321 [34] XTE J0111.2 � 7317 z RXTE, CGR O 31 30.9497 [35][36][37] RX J0052.1 � 7319 z 1999 R OSA T 15.3 | [37][38] Cm!’ #4 Ns L\ $O %Q %k %9 H/ 8+ ;~ $N <~ 4|!" #5 Ns L\ $O !V$" $9 $+!W $N 4Q B, %G!< %? $G 5a $a $i $l $? <~ 4|!# RX J0052.1 � 7319 $+ $i $O %Q %k %9 $, 8! =P $G $- $J $+$C$?!# 2E 0050.1 � 7247 $O0E$9$.$F$=$b$=$b#X@~$,8!=P$G$-$J$+$C$?!# XTE J0054 � 720 $O;kLn30!# � : 2f!95~Bg%0%k!<%W$,H/8+$7$?$b $N!# y : %Q %k%98! =P$N M-0U EY$O � 99 : 5% !# z : 8w 3XBP 1~E7 BN$,8+ $D$+$C $?$b $N!# SMC X-1 $O B 7? @1!" RX J0059.2 � 7138 $O$h $/J, $+$i $J $$$,@D $$ @1!"$= $N B>$O Be 7? @1!# ? : 10 G\ 0J >e$N D94| E* ;~4V JQ F0$, 3NG’ $5 $l$F $$ $J$$ $b $N!# [a{c]: SMC X-1 $O #3 2s4Q B, $5$l $F $$$k!# $=$l $>$l 1993 G/ [a] !" 1995 G/ [b] !" 1998 G/ [c] $rI=$9!#

?^ 4: SMC $H Our Galaxy $N HMXB/LMXB $N 8D ?t$N Hf 3S!#$= $l $>$l <A NL Hf (SMC : Oue Galaxy = 1 : 100) $G5,3J2=$7$F$"$k!# 4 $^$H$a ?^ 5 $KCf@-;R@1$N?J2=$rI=$9!#:G6a$N$a$6$^$7$$@.2L$K$h$j!"0J2<$N$h$&$J$3$H$,L@$i$+$K$J$C$F$-$?!# � magnetar $H$$$&!"<’>l$N%(%M%k%.!<$rJ|=P$9$k?7$7$$<oN‘$N%Q%k%5!<$,H/8+$5$l$?!# � Crab-lik e pulsar $,IaJWE*$KB8:_$9$k$3$H$r<($7$?!# � %_%jIC%Q%k%5!<$N@8@.%7%J%j%*!V%j%5%$%/%k@b!W$NN"IU$1$H$J$k>Z5r$r$D$+$s$@!# � SMC $GBgNL$N X @~%Q%k%5!<$rH/8+$7$?!# ?^ 5: Cf@-;R@1$N?J2=$NMM;R

;29MJ88% [1] Kouv eliotou, C. et al. Natur e 393, 235 (1998). [2] Hurley , K. et al. Astr ophys. J. 510, L111 (1999). [3] Kouv eliotou, C. et al. Astr ophys. J. 510, L115 (1999). [4] Murak ami, T., Kub o, S., Shibazaki, N., T ak eshima, T., Y oshida, A. & Ka w ai, N. Astr ophys. J. 510, L119 (1999). [5] Thompson, C. & Duncan, R. C. Astr ophys. J. 473, 322 (1996). [6] v an P aradijs, J., T aam, R. E. & v an den Heuv el, E. P . J. Astr on. Astr ophys. 299, L41 (1995). [7] T orii, K., Tsunemi, H., Dotani, T. & Mitsuda, K. Astr ophys. J. 489, L145 (1997). [8] T orii, K. et al. Astr ophys. J. 494, L207 (1998). [9] Marshall, F. E., Gotthelf, E. V., Zhang, W., Middleditc h. J. & W ang, Q. D. Astr ophys. J. 499, L179 (1998). [10] P a vlo v, G. G., Za vlin, V. E. & T r � ump er, J. Astr ophys. J. 511, L45 (1999). [11] <F:j FAL@ !VCf@-;R@1$H%Q%k%5!<!W ( G\Iw4[ ) [12] in’t Zand, J. J. M., Heise, J., Muller, J. M., Bazzano, A., Co cc hi, M., Natalucci, L. & Ub ertini, P . Astr on. Astr ophys. 331, L25 (1998). [13] Wijnands, R. & v an der Klis, M. Natur e 394, 344 (1998). [14] Y ok oga w a, J. 1999, Master thesis of Ky oto Univ ersit y [15] Nagase, F. Publ. Astr on. So c. Jap an 41, 1 (1989). [16] Luc k e, R. et al. Astr ophys. J. 206, L25 (1976). [17] Bildsten, L. et al. Astr ophys. J. Suppl. 113, 367 (1997). [18] Hughes, J. Astr ophys. J. 427, L25 (1994). [19] Israel, G. L. et al. Astr ophys. J. 484, L141 (1997). [20] Corb et, R., Marshall, F. E., Ozaki, M. & Ueda, Y. IA U Cir c. No. 6803 (1997). [21] Lo c hner, L. C. IA U Cir c. No. 6858 (1998). [22] Buc kley , D. A. et al. IA U Cir c. No. 6789 (1997). [23] Co wley , A. P . et al. Publ. Astr on. So c. Paci�c 109, 21 (1997) . [24] Marshall, F. E. & Lo c hner, J. C.; San tangelo, A. et al. IA U Cir c. No. 6818 (1998). [25] Israel, G. L. et al. IA U Cir c. No. 6999 (1998). [26] Y ok oga w a, J. & Ko y ama, K. IA U Cir c. No. 6835 (1998). [27] Y ok oga w a, J. & Ko y ama, K. IA U Cir c. No. 6853 (1998). [28] Co ok, K. IA U Cir c. No. 6860 (1998). [29] Sc hmidtk e, P . C. & Co wley , A. P . IA U Cir c. No. 6880 (1998). [30] Y ok oga w a, J. & Ko y ama, K. IA U Cir c. No. 7009 (1998). [31] Hughes, J. P . & Smith. R. C. Astr on. J. 107, 1363 (1994). [32] Y e, T. et al. Monthly Notic es R oy. Astr on. So c. 275, 1218 (1995). [33] Y ok oga w a, J. & Ko y ama, K. IA U Cir c. No. 7028 (1998). [34] Imanishi, K., Y ok oga w a, J. & Ko y ama, K. IA U Cir c. No. 7040 (1998). [35] Chakrabart y , D., Levine, A. M., Clark, G. W. & T ak eshima, T.; Wilson, C. A. & Finger, M. H. IA U Cir c. No. 7048 (1998). [36] Chakrabart y , D. et al. IA U Cir c. No. 7062 (1998). [37] Israel, G. L. et al. IA U Cir c. No. 7101 (1999). [38] Lam b, R. C., Prince, T. A., Macom b, D. J. & Finger, M. H. IA U Cir c. No. 7081 (1999).