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1 $O$8$a$K

$9$P$kK>1s6@9bJ,;6J,8w4o(HDS) $O!"K>1s6@%J%9%_%9>GE@$N0l$D$K<h$jIU$1$i$l!"2D;k8wNN0h

(3000 � 10000

�

A) $G:G9bGHD9J,2rG=16 K|$r<B8=$9$kJ,8w4o$G$"$k!#$9$P$kK>1s6@$NBh0l4|6&F1MxMQ4Q

B,AuCV$H$7$F3+H/!&@=:n$5$l!"2000 G/ 7 7n$K=i4QB,$r7^$($?!#2001 G/ 4 7n$+$i$O6&F1MxMQ$K6!$5$l$F

$$$k!#

1.1 %f!<%6%^%K%e%"%k$NFbMF$*$h$S;29M;qNA

K\%^%K%e%"%k$G$O!"HDS $N6&F1MxMQ$K$*$1$k4QB,<T( %f!<%6) $K!"4QB,=`Hw$+$i%G!<%?$N=hM}$^$G$r

@bL@$9$k$3$H$rL\E*$H$7$F$$$k!#Bh2 @a$G$O!"AuCV$*$h$S<~JU8w3X7O( %$%a!<%8%m!<%F!<%?$d3S@5MQ8w

8;$J$I ) $N9=@.$H@-G=$r@bL@$9$k!#$=$N$&$A!"4QB,=`Hw$KI,MW$J@_DjMWAG$K$D$$$F$OBh3 @a$G>\$7$/=R

$Y$k!#Bh3 @a$G$O$^$?!"@_Dj$N7h$aJ}$d4QB,;~4V$N8+@Q$jJ}$K$D$$$F$b@bL@$9$k!#4QB,$N:]$K9T$&:n6H

$d<hF@%G!<%?$N7A<0$K$D$$$F$OBh4 @a$G=R$Y$k!#Bh5 @a$G$OHDS $G<hF@$5$l$k%G!<%?$N@0Ls$K$D$$$F!"

FCD'E*$JE@$K$7$\$C$F@bL@$9$k!#

HDS $rMQ$$$?4QB,$rDL$8$F%f!<%6$,<g$K9T$&I,MW$,$"$k$N$O!"Bh3 @a$G=R$Y$kJ,8w4o!&<~JU8w3X7O

$N@_Dj%Q%i%a!<%?$*$h$SO*=P;~4V$N7hDj!"3S@5MQ%G!<%?<hF@$N%?%$%_%s%0$N7hDj$G$"$k!#K>1s6@$HAuCV

$N<B:]$N6nF0$O!"%f!<%6$N;X<($N$b$H!"%*%Z%l!<%?$K$h$C$F9T$o$l$k!#HDS $N$3$l$i$N%*%Z%l!<%7%g%s

$N>\:Y$K$D$$$F$O!"%*%Z%l!<%7%g%s%^%K%e%"%k( 2>>N) !"AuCV$N>\:Y$K$D$$$F$O!V9bJ,;6J,8w4o(HDS)-

8w3X@_7W!"5!3#@_7W!"EE5$7O;qNA!W$K$*$$$F@bL@$5$l$k!#

$=$NB>!"0J2<$N9`L\$K$D$$$F$O!"$=$l$>$l$NJ8=q$r;2>H$7$F$b$i$$$?$$!#

� $9$P$kK>1s6@!'h ttp://www.nao j.org/Observing/T elescop e/index.h tml

� %G!<%?%"!<%+%$%V!'T.B.D.

� HDS $N%Z!<%8( 3F<oJs9p$J$I) !' h ttp://optik2.m tk.nao.ac.jp/HDS/Index J.h tml

1.2 N,9fEy

Messia: CCD @)8f!&%G!<%?<hF@%7%9%F%`

OBCP: 4QB,AuCV@lMQ@)8f7W;;5!

OBS: 4QB,E}9g@)8f7W;;5!

ADC: Bg5$J,;6Jd=~AuCV

SV: %9%j%C%H%S%e%o

A G: %*!<%H%,%$%@MQ%+%a%i

CAL: 3S@5MQ8w8;

IMR: %$%a!<%8%m!<%F!<%?

TSC: K>1s6@@)8f7W;;5!
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2 AuCV$N35MW$*$h$SFCD'

2.1 %(%7%'%kJ,8w4o$NFCD'

%(%7%'%kJ,8w4o$O!"%0%l!<%F%#%s%0( %(%7%'%k) $N9b$$2s@^<!?t$rMQ$$$k$3$H$K$h$j!"Hf3SE*9-$$%9

%j%C%HI}$G9b$$GHD9J,2rG=$r<B8=$9$kJ,8w4o$G$"$k!#9b<!$N2s@^$N$?$a$K!"%(%7%'%k%0%l!<%F%#%s%0$GJ,

;6$5$l$?8w$OJ#?t$N<!?t$,=E$J$C$F$7$^$&!#$3$l$r2r$/$?$a$K!"<gJ,;6J}8~$H$OD>3Q$KDcJ,;6$N%0%l!<

%F%#%s%0( %/%m%9%G%#%9%Q!<%6) $rMQ$$$F$$$k( ?^ 1) !#

%(%7%'%kJ,8w4o$O!"9b$$J,2rG=$r<B8=$9$k$H$H$b$K!"%9%Z%/%H%k$,Fs<!858!=P4o>e$K@^$j>v$^$l$F

$&$D$k$?$a!"9-$$GHD90h$r%+%P!<$G$-$k$N$bFCD'$G$"$k!#Jd0d$KHDS $N>l9g$N%9%Z%/%H%k%U%)!<%^%C

%H$NNc$r<($9( ?^ 9,10) !#

FCDj$NGHD9$O!"0lHL$K$OJ#?t$N<!?t$K8=$l$k!#$7$+$7!"$=$l$>$l$N<!?t$K$D$$$F$O!"%9%Z%/%H%k$O

sinc 4X?t$K6a$$%W%m%U%!%$%k( %V%l!<%:%W%m%U%!%$%k) $r$b$C$F$*$j!"9b$$8zN($r$b$DGHD9$O7h$^$C$F$$

$k!#$3$N$?$a!"$R$H$D$N<!?t$NCf$G8zN($,Bg$-$/JQ$o$k!#$=$7$F<B:]$K$O!"$"$kGHD9$O0l$D$J$$$7$OFs$D

$N<!?t$K8=$l$k!#<!$N<!?t$H$N=E$J$j$,$*$3$i$J$$GHD9HO0O$O%U%j!<%9%Z%/%H%k%l%s%8$H$h$P$l!"�=m

$GI=$5$l$k ( � $OGHD9!"m $O<!?t) !#?^ 9,10 $G<($7$?%9%Z%/%H%k%U%)!<%^%C%H$O!"%V%l!<%:GHD9$rCf?4$K

%U%j!<%9%Z%/%H%k%l%s%8J,$@$1I=<($7$?$b$N$G$"$k!#$3$N%U%j!<%9%Z%/%H%k%l%s%8$,8!=P4o$NBg$-$5$N

Fb$K$*$5$^$k$H$-!"$=$N%9%Z%/%H%k%U%)!<%^%C%H$GGHD9$,@Z$lL\$J$/%+%P!<$G$-$k$3$H$K$J$k!#

%/%m%9%G%#%9%Q!<%6$NJ,;6$,9b$$$H!"<!?t$N$"$$$@$N4V3V$,9-$/$J$j!"$"$kBg$-$5$N8!=P4o$K$*$5

$^$k<!?t$N?t$O8:$C$F!"%+%P!<$G$-$kGHD9HO0O$O69$/$J$k!#0lJ}!"J,;6$,Dc$$$H!"<!?t$N$"$$$@$N4V3V

$,69$/$J$j!"%9%j%C%HD9$r$"$^$j9-$2$i$l$J$/$J$k$?$a!"4QB,$G$-$k6u4VJ}8~$NHO0O$,69$/$J$k!#%/%m

%9%G%#%9%Q!<%6$NJ,;6$O$3$l$i$N%P%i%s%9$r9MN8$7$F7hDj$5$l$k!#

2.2 HDS $N9=@.

HDS $OK>1s6@$N%J%9%_%9>GE@$N$R$H$D( 8w3X%J%9%_%9>GE@) $K@_CV$5$l$F$$$k!#K>1s6@<g6@!"I{6@

( 8w3X%J%9%_%9>GE@@lMQ$N$b$N) !"Bh;06@$rDL$C$?8w$O!"I,MW$K1~$8$F%$%a!<%8%m!<%F!<%?$dBg5$J,;6Jd

=~AuCV(ADC) $r7P$F%J%9%_%9>GE@$K$*$+$l$kHDS $N%9%j%C%H$KF~$k!#0J2<!"8wO)$K1h$C$FHDS $N9=

@.$r@bL@$9$k!#=EMW$J?tCM$K$D$$$F$OI=1 $K<($9!#$J$*!"%9%j%C%H$h$jA0$N8w3X7O( <~JU8w3X7O!'%$%a!<

%8%m!<%F!<%?!"ADC !"3S@5MQ8w8;Ey) $K$D$$$F$O!"2.4 @a$G@bL@$9$k!#

� %9%j%C%HIt!'

%9%j%C%H$O!"4QB,$NL\E*$K1~$8$FI}!"D9$5$H$bO"B3E*$KJQ$($i$l$k!#

%9%j%C%H$N8e$KFs$D$N%U%#%k%?!<%?!<%l%C%H$,$*$+$l!"4QB,$NL\E*$K1~$8$F%U%#%k%?!<$rA*Br$G

$-$k!#

%U%#%k%?!<$N8e$K%7%c%C%?!<$,CV$+$l!"$3$l$K$h$j8w$NF~<M$r@)8f$9$k(HDS $N>l9g!"8!=P4oIt$K

$O%7%c%C%?!<$O$J$$) !#$J$*!">GE@9g$o$;$N$?$a$KMQ$$$i$l$k%O%k%H%^%s%7%c%C%?!<$b$3$NItJ,$KCV

$+$l$F$$$k!#

� I

2

%;%k!&8wNL%b%K%?!'

9b@:EY;k@~B.EYB,DjMQ$KMQ0U$5$l$F$$$kI

2

%;%k$*$h$S8wNL%b%K%?$,!"%9%j%C%HIt$N8e$KCV$+$l$k!#

DL>oB`Hr>uBV$K$"$j!"I,MW$J>l9g$K$=$l$>$l8wO)Fb$KF3F~$9$k( >\:Y$O 2.6 @a;2>H) !#

� %3%j%a!<%?!'
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I= 1: HDS $N9=@.

FCD'!"2DF0HO0OEy

%9%j%C%H D9 1000 � 30000 � m (2-60arcsec)

I} 10 � 2000 � m (0.02-4arcsec)

%U%#%k%? 1 ND1, ND2, SQ, OG530, KV408

2 SC46, SC42, GG495, KV389, KV370

%7%c%C%? 3+JD$O:GC;1 IC

%3%j%a!<%? @V <430$7J|J*LL6@

@D <430$7J|J*LL6@

%(%7%'%k 9o@~31.6 K\ /mm !"%V%l!<%:3Q71.25 EY

%/%m%9%G%#%9%Q!<%6 @V 9o@~250 K\ /mm !"%V%l!<%:3Q5.00 EY

@D 9o@~400 K\ /mm !"%V%l!<%:3Q4.76 EY

J?LL6@

%+%a%i7O >GE@5wN%770mm

8!=P4o EEV CCD 4100 pix � 2048 pix � 2, 13.5 � m/pix

?^ 1: HDS $N9=@.



2 AuCV$N35MW$*$h$SFCD' 8

F/12 $G%9%j%C%H$KF~$C$?8w$OLs3.3m @h$KCV$+$l$?%3%j%a!<%?6@$K$h$jLs27cm $NJ?9T8wB+$KJQ

49$5$l$k!#4QB,L\E*$K1~$8$F!"%3%j%a!<%?$O@DMQ!"@VMQ$,A*Br2DG=$G$"$k!#$J$*!"%9%j%C%H$H%3%j

%a!<%?4V$N8wO)D9$NJQ2=( %U%#%k%?!<$N8|$_$NJQ99$J$I$K$h$k) $KBP1~$7$F%3%j%a!<%?$N>GE@9g$o

$;$r9T$&$?$a$K!"%3%j%a!<%?A08e0\F0$,2DG=$K$J$C$F$$$k!#

� %(%7%'%k%0%l!<%F%#%s%0!'

%3%j%a!<%?$+$iF~$C$?J?9T8wB+$r!"GHD9$K$h$C$F=P<M3QEY$N0[$J$kJ?9T8wB+$K$9$k!#$3$N%0%l!<

%F%#%s%0$K$h$j!"9bJ,;6%9%Z%/%H%k$,<B8=$5$l$k!#%(%7%'%k%0%l!<%F%#%s%0$O0l<oN`$N$_$G!"<gJ,

;6J}8~$N%9%Z%/%H%k%U%)!<%^%C%H$ND4@0$N$?$a$K2sE>3Q$O2DF0$K$J$C$F$$$k!#

� %/%m%9%G%#%9%Q!<%6%0%l!<%F%#%s%0!'

%(%7%'%k$K$h$C$FJ,;6$5$l$?8w$N<!?t$N=E$J$j$r2r$-!"F~<M8wB+$r%(%7%'%k$K$h$kJ,;6$HD>3QJ}

8~$KJ,;6$5$;$k!#%0%l!<%F%#%s%0$N8zN($NFC@-$d!"0[$J$k<!?t$N8w$rE,@Z$JDxEY$KJ,;6$5$;$k$?

$a$K!"@DMQ!"@VMQ$NFs<oN`$N%0%l!<%F%#%s%0$,MQ0U$5$l$F$$$k!#$5$i$K!"%/%m%9%G%#%9%Q!<%6$N$+

$o$j$KJ?LL6@$rMQ$$$k$3$H$b2DG=$K$J$C$F$*$j!"69BS0h%U%#%k%?$G<!?tA*Br$r9T$($P!"D9$$%9%j%C

%H(1 J,3Q0JFb) $G$N4QB,$b2DG=$G$"$k!#

� %+%a%i7O!'

%(%7%'%k$*$h$S%/%m%9%G%#%9%Q!<%6$K$h$C$FGHD9$4$H$K0[$J$kJ}8~$X$HJ,;6$5$l$?J?9T8wB+$r!">G

E@0LCV$KCV$+$l$?8!=P4o$K7kA|$5$;$k!#=88w$N$?$a$N%+%a%i<g6@( 5eLL6@) $N$[$+!"7kA|@-G=$r8~

>e$5$;$k$?$a$NJd@5%l%s%:!"8!=P4o$ND>A0$KCV$+$l$k%U%#!<%k%I%U%i%C%H%J!<%l%s%:$+$i$J$k!#%+

%a%i7O$N>GE@9g$o$;$O!"8!=P4oIt;Y;}OH$NA08e0\F0$*$h$S$=$N$"$*$j3Q$ND4@0$K$h$C$F9T$o$l$k!#

� 8!=P4oIt!'

8!=P4o$H$7$F$O!"%T%/%;%k%5%$%:13.5 � m !" 4100 � 2048 %T%/%;%k$NEEV42-80 CCD $rFs8D%b%6

%$%/$K$7$FMQ$$$F$$$k(4100 � 4096 %T%/%;%k!"$?$@$7Cf1{$K85 %T%/%;%kDxEY$KAjEv$9$k%.%c%C%W

$,B8:_$9$k) !#$3$l$i$O8!=P4oIt;Y;}OH$K$h$C$F>GE@0LCV$KCV$+$l!"NdE`5!$K$h$C$FE,@Z$J29EY$K

Nd$d$5$l$k!#8!=P4o(CCD) $N@)8f$*$h$S%G!<%?$N<hF@$O!"$9$P$kK>1s6@$N4QB,AuCV8~$1$K3+H/$5

$l$? Messia IV $H$h$P$l$k%7%9%F%`$rMQ$$$F9T$o$l$k!#

2.3 HDS $N4pK\@-G=

� GHD9J,2rG=

8!=P4o$N2 %T%/%;%k(27 � m) %5%s%W%j%s%0$G$O!":G9b$GJ,2rG=16.5 K| (1.8km/s) $,2DG=$G$"$k!#

I8=`E*$J%9%j%C%HI}(0.4 IC3Q) $G$O!"Ls9 K| (3.3km/s) $H$J$k!#

� F)2a8zN(

I8=`@1$rMQ$$$F4QB,8zN($rB,Dj$7$?7k2L$r?^2( >e) $K<($9!#$3$NB,Dj$O!"Bg5$$NF)2aN($dK>1s6@$N

F)2a8zN($b4^$s$G$$$k!#J,8w4o@_Dj$N@DMQ!?@VMQ$N8zN($N5UE>$9$kGHD9$OLs4400

�

A $G$"$k!#

?^ 2( 2<) $K$O!"%$%a!<%8%m!<%F!<%?( @VMQ!"@DMQ) $HADC $N8zN($r<($9!#1

� GHD9%+%P%l%C%8

1

2001 G/EY$K@DMQ%$%a!<%8%m!<%F!<%?$N:F>xCe$,9T$o$l!"F)2aN($,BgI}$K2~A1$5$l$?!#
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?^ 2: I8=`@1$K$h$kK>1s6@!&J,8w4o$N8zN(B,Dj$N7k2L!'

>e!' HDS $N8zN(!#CO5eBg5$$HK>1s6@$NF)2aN($b4^$`!#%$%a!<%8%m!<%F!<%?!"ADC $ODL$7$F$$$J$$!#

2<!'%$%a!<%8%m!<%F!<%?( @VMQ!"@DMQ) $*$h$SADC $NF)2a8zN(!#ADC $K$D$$$F!"4000-4500

�

A $G%G!<%?

E@$,B7$C$F$$$J$$$N$O!"J#?t2s$NB,Dj$N$:$l$K$h$k$b$N$G!"2-3% DxEY$NB,Dj8m:9$,$"$j$&$k$3$H$r<($7

$F$$$k!#
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Jd0d$N? 9̂,10 $K<($7$?$h$&$K!"0l2s$NO*=P$K$h$C$F!"I8=`E*$J@DMQ$N@_Dj$G$OLs1700

�

A !"@VMQ$N

@_Dj$G$OLs2500

�

A $,%+%P!<$5$l$k!#$?$@$7!"Fs$D$NCCD $N@\9gItJ,$O%G!<%?$,<h$l$J$$$?$a!"

%G!<%?$K7gMn$,@8$8$k$3$H$KCm0U$,I,MW$G$"$k!#$^$?!"7200

�

A $h$jD9$$GHD90h$G$O!"8!=P4o$,%U

%j!<%9%Z%/%H%k%l%s%8$r%+%P!<$G$-$J$$$?$a!"0l2s$NO*=P$G$OO"B3$7$?%9%Z%/%H%k$r<hF@$9$k$3

$H$O$G$-$J$$!#

� 6u4VJ}8~$N%+%P%l%C%8

%9%Z%/%H%k$N6u4VJ}8~!J%9%j%C%HJ}8~!K$N%+%P%l%C%8$O!"%9%j%C%H$ND9$5$K$h$C$F7h$^$k!#NY$N%*!<

%@$H=E$J$i$J$$$?$a$N%9%j%C%HD9$N:GBgCM!JMQ$$$k%/%m%9%G%#%9%Q!<%6$HGHD9$K$h$k!K$O!"3.1.3

@a$K<($9!#

0lJ}!"FCDj$N%*!<%@$K8B$C$F!"%/%m%9%G%#%9%Q!<%6$G$O$J$/69BS0h%U%#%k%?$K$h$C$F%*!<%@A*Br$r

9T$$!"D9$$%9%j%C%H( :GBg60 IC3Q) $G4QB,$r9T$&$3$H$b2DG=$G$"$k!#$3$N>l9g$K$O!"%/%m%9%G%#%9

%Q!<%6$N$+$o$j$KJ?LL6@$,MQ$$$i$l$k!#69BS0h%U%#%k%?$H$7$F$O!"8=:_H � $NGHD90h$N$b$N$,;H

MQ2DG=$G$"$k!#

� %9%Z%/%H%k%U%)!<%^%C%H:F8=@-

%9%Z%/%H%k%U%)!<%^%C%H$O!"%(%7%'%k%0%l!<%F%#%s%0$N2sE>$K$h$j<gJ,;6J}8~$K!"%/%m%9%G%#%9%Q!<

%6$N2sE>$K$h$j%9%j%C%HD9J}8~$KJQF0$9$k!#$^$?!"%3%j%a!<%?$N8r49$K$h$j!"%9%Z%/%H%k%U%)!<

%^%C%H$,JQF0$9$k2DG=@-$,$"$k!#%0%l!<%F%#%s%0$*$h$S%3%j%a!<%?$r8r49!&6nF0$7!":F$S$b$H$N@_

Dj$KLa$7$?>l9g$N!"8!=P4o>e$K7kA|$9$k%9%Z%/%H%k%U%)!<%^%C%H$NJQF0NL$O!"CCD $N1 $J$$$72

%T%/%;%kDxEY0J2<$G$"$k$3$H$,3NG'$5$l$F$$$k!#

� %9%Z%/%H%k%U%)!<%^%C%H0BDj@-

J,8w4o$N@_Dj$rJQ$($J$$>l9g$G$b!"%9%Z%/%H%k%U%)!<%^%C%H$OJQF0$9$k!#$3$NJQF0$O%J%9%_%9<<

Fb ( J,8w4oK\BN) $N29EY$K0MB8$9$k$3$H$,3NG'$5$l$F$$$k!#<gJ,;6J}8~$K$D$$$F$NJQF0NL$O!"1 EY

C $N29EYJQ2=$KBP$7Ls1.4 %T%/%;%k$G$"$k!#%J%9%_%9<<Fb$N29EY0BDj@-$K$D$$$F$O!"@Q6KE*$J29EY

%3%s%H%m!<%k$r9T$C$F$$$J$$$?$a305$29$NJQF0$K0MB8$9$k$,!"30It$H$O$"$kDxEYCGG.$5$l$F$$$k

$?$a!"4QB,Cf$K5^7c$J29EYJQ2=$O$*$3$i$J$$(0.1 EYC/ ;~4VDxEY0J2<) !#

� O"B38w%W%m%U%!%$%k$N0BDj@-!J%U%i%C%/%93S@5$N@:EY!K

O"B38w%W%m%U%!%$%k$O!"%(%7%'%k%0%l!<%F%#%s%0$N%V%l!<%:%W%m%U%!%$%k$r$*$*$`$MH?1G$7$?7A

$K$J$C$F$$$k$,!"$3$N%W%m%U%!%$%k$,4QB,$K$h$C$FJQF0$9$k$3$H$,$o$+$C$F$$$k!#$3$l$K$h$C$F!"

I8=`@1$r$b$A$$$?%U%i%C%/%93S@5$N@:EY$,@)8B$5$l$k!#$3$l$^$G$NNc$G$O10% 0J>e$NJQF0$b5-O?

$5$l$F$*$j!"%U%i%C%/%93S@5$N@:EY$b$=$NDxEY$H$$$&$3$H$K$J$k!#860x$K$D$$$F$O8=:_D4::Cf$G$"

$j!"BP=h$G$-$k$N$OMhG/0J9_$K$J$k8+9~$_$G$"$k!#

� %9%Z%/%H%k0BDj@-

8!=P4o$N29EY@)8f$N@:EY$O9b$/!"CCD LL$K$h$k%U%j%s%8$N%Q%?!<%s$J$I$N%9%Z%/%H%k$NFCD'$O6K

$a$F0BDj$7$F$$$k!#$3$N$?$a!"%U%i%C%HJd@5$N$?$a$N3S@5%G!<%?$O!"E7BN$N4QB,$HN%$l$?;~9o$K

<hF@$7$F$bDL>o$OLdBj$J$$!#$?$@$7!">e=R$NO"B38w%W%m%U%!%$%k$NJQF0$K5/0x$9$kLdBj$O$"$j$&

$k!J$3$l$O%U%i%C%H$N<hF@;~9o$K$O4X78$J$$!K!#

� 8!=P4o
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FI$_$@$7%N%$%:$O8-9e

� $G$"$k!#%P%$%"%9%l%Y%k$K2-4e

� DxEY$NJQF0$,$"$k$,!"$3$l$O%*!<%P!<

%9%-%c%sNN0h$NJ?6QCM$K$h$jJd@52DG=$G$"$k(4.7 @a;2>H) !#%@!<%/%l%Y%k$O!"8!=P4o$=$N$b$N$N%l

%Y%k$H$7$F$O1800 IC$G1e

� 0J2<$G$"$k$,!"%J%9%_%9<<Fb$G$NH/8w$J$$$7$O<<30$+$i$N8wO3$l$G Ls

10e

�

/ ;~4V$N%l%Y%k$K$J$C$F$$$k( 8!=P4o>e$G$[$\0lMM) !#$J$*!"FI$_$@$7$N%2%$%s$OLs1.7e/ADU

$G$"$k$,!"FI$_$@$78}$K$h$C$F<c430[$J$k( >\:Y$O 5.2 @a;2>H) !#

D>@~@-$O!"Ls60,000ADU (100,000e

�

) $^$G3NG'$5$l$F$$$k$,!"32,000 ADU IU6a$N%G!<%?$KLdBj

$,$"$j!"%G!<%?$O$3$l0J2<$G<hF@$9$kI,MW$,$"$k!#

2.4 <~JU8w3X7O

MM!9$J4QB,%b!<%I$d%G!<%?$N3S@5$r<B8=$9$k$?$a$K!"%9%j%C%H0JA0$K$$$/$D$+$N8w3X7O$,$*$+$l$F

$$$k!#$=$NG[CV$N35MW$r?^3 $K<($9!#

(option)

ADC

(option)

Image Rotato r

Blue o r Red

Slit

T elescop e

Sp ectrograph

Guiding object

Object

Slit View er

A G

- - - -

�

�

�

�

�

�	

- - -

?^ 3: <~JU8w3X7O$NG[CV?^

� %9%j%C%H%S%e%o(SV)

%9%j%C%HFb$KMn$A$:$KH?<M$5$l$?8w$r<u$1$k%+%a%i$G$"$j!"4QB,E7BN$N0LCV$r3NG'$7!"%9%j%C%HFb

$KF3F~$9$k$?$a$KMQ$$$i$l$k!#R=18 EyDxEY$^$G$O8!=P2DG=$G$"$j!"ND %U%#%k%?$rMQ$$$k$3$H$G
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R=1 EyDxEY$NL@$k$$E7BN$bF3F~2DG=$G$"$k!#%U%#%k%?$H$7$F$OND %U%#%k%?$N$[$+!"V !" R $NFs

<oN`$,;HMQ2DG=$G$"$k!#

� E7BN%,%$%I

E7BNDIHx$K$D$$$F$O!"%*!<%W%s%H%i%C%-%s%0$G$OC;;~4V$7$+@:EY$,$G$J$$$?$a!"%,%$%I%7%9%F%`

$,I,MW$G$"$k!#<+F0%,%$%I$OL\E*E7BN$N6aK5( Ls 1 J,3QDxEY) $N%,%$%I@1$rMQ$$$F9T$&$3$H$,$G$-

$k (A G) !#%,%$%I@1$O!"E7BNF3F~$N:]$KK>1s6@%7%9%F%`$K$*$$$F<+F0E*$KA*Br$5$l$k(15 Ey5iDxEY

$N%,%$%I@1$^$G%,%$%I2DG=$G$"$k) !#

%9%j%C%H%S%e%o>e$NE7BN$rMQ$$$?%,%$%I$O8=;~E@$G$O9T$($J$$!#

?^ 3 $K$_$i$l$k$h$&$K!"%,%$%@!<$O%$%a!<%8%m!<%F!<%?$N8e!J%9%j%C%HB&!K$K$*$+$l$F$$$k$?$a!"

%m!<%F!<%?$rMQ$$$?>l9g$K$O!"L\E*E7BN$KBP$9$k%,%$%I@1$N0LCV$OJQ2=$7$J$$!#$3$l$KBP$7!"%m!<

%F!<%?$rMQ$$$J$$>l9g$K$O!";kLn2sE>$,$*$3$k$?$a!"%,%$%@!<$,8w<4$N$^$o$j$r2sE>$9$k$3$H$K

$h$C$F!";kLn2sE>$rJd=~$9$k$h$&$K$J$C$F$$$k!#$7$+$7!"%,%$%@!<$N2sE>$N@:EY$,==J,$G$J$/!"%m!<

%F!<%?L5$7$N>l9g$O!"%,%$%I$N@:EY$,Dc2<$9$k!#@:EY$O;kLn2sE>$NDxEY$K$h$k$,!">l9g$K$h$C$F

$O1 ;~4V$G1 IC3QDxEY$N%,%$%I$N$:$l$,5/$3$k!#$3$N$:$l$OO*=PCf$KJd@52DG=$G$"$k$,!"$=$l$G

$b%m!<%F!<%?$rMQ$$$?>l9g$NJ}$,%,%$%I$N@:EY$O$h$$!#$7$?$,$C$F!"E@8w8;$N4QB,$G$"$C$F$b!"%,

%$%I@:EY$r=E;k$9$k>l9g$K$O!"%m!<%F!<%?$r;HMQ$9$k$3$H$r?d>)$9$k!#

$^$?!";g300h$G$OADC $O8zN($,Hs>o$KDc$/!"ADC L5$7$G4QB,$r9T$&I,MW$,$"$k!#$=$3$G!"L\E*

$H$9$k;g300h$NGHD9$r%9%j%C%H$KMn$H$9$?$a$K!"SV $GE7BN8!=P$KMQ$$$F$$$kGHD9$H$NBg5$:9J,$r

9MN8$7$?%,%$%I$,$G$-$k$h$&$K$J$C$F$$$k!#O*=PCf$NBg5$:9$NBg$-$5!"$*$h$S%9%j%C%H$H$N3QEY$N

JQ2=$OJd@5$G$-$J$$$,!"O*=P$NCf4V;~9o$NBg5$:9$rJd@5NL$H$7$FM?$($k$3$H$OMF0W$K2DG=$G$"$k!#

� %$%a!<%8%m!<%F!<%?(IMR)

%9%j%C%HA|$NE76u>e$G$N3QEY$O!"E7BN$N0LCV$K$h$C$F0[$J$j!"F|<~1?F0$K$h$C$F$=$NA|$O2sE>$9

$k!#$3$NA|$r@)8f$9$k$?$a$K%$%a!<%8%m!<%F!<%?$,MQ0U$5$l$F$$$k!#9-$,$C$?E7BN$N4QB,$K$O%$

%a!<%8%m!<%F!<%?$OM-MQ$G$"$k$3$H$,B?$$!#E@8w8;$NJ,8w4QB,$N>l9g$K$O!"A|$N2sE>$OD>@\$K$O

1F6A$7$J$$$,!"E7BN$N%,%$%I$dBg5$:9$NBg$-$$>l9g$N4QB,(3.5 @a;2>H) $N$?$a$K$O!"E7BN$NA|$N2s

E>$r@)8f$9$kI,MW$,$"$k>l9g$,$"$j!"$3$l$O%$%a!<%8%m!<%F!<%?$K$h$C$F<B8=$5$l$k!#%$%a!<%8

%m!<%F!<%?$N3QEY@_Dj$O!"%9%j%C%H$N%]%8%7%g%s%"%s%0%k$r;XDj$9$k$3$H$K$h$C$F9T$&!#

%$%a!<%8%m!<%F!<%?$b!"@VMQ!"@DMQ$NFs<oN`$,=`Hw$5$l$F$$$k!#$=$l$>$l$N8zN($NHf3S$K$D$$$F

$O!" 2.3 @a$r;2>H!#

� ADC

GHD9$K$h$kBg5$:9(3.5 @a;2>H) $rJd=~$9$k$?$a$K!"ADC $,;HMQ2DG=$G$"$k!#3600

�

A 0J>e$G$O9b$$

8zN($r$b$C$F$*$j!"9bEY$NDc$$E7BN$N4QB,$K$O$H$/$KM-MQ$G$"$k!#9bEY30 EY0J>e$NE7BN4QB,$KBP

$7$F@_7W$5$l$F$*$j!"$=$l0J2<$NDc$$E7BN$N4QB,$N>l9g$K$O!"Bg5$:9$NJd=~$N5!G=$ODc2<$9$k( 9b

EY30 EY$N>l9g$NBg5$:9J,$@$1$,Jd=~$5$l$k) !#

� 3S@5MQ8w8;(CAL)

%U%i%C%HJd@5MQ8w8;$H$7$F%O%m%2%s%i%s%W$,!"GHD93S@5MQ8w8;$H$7$F%[%m%+%=!<%I%i%s%W(Th-Ar,

F e-Ar) $,MQ0U$5$l$F$$$k!#?'JQ49%U%#%k%?!"ND %U%#%k%?$,;HMQ2DG=$G$"$k!#
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2.5 @)8f

@)8f$O!"8w3X7O!"NdE`5!!"CCD $N3F%V%m%C%/$KJ,$1$F!"@)8f7W;;5!$+$i9T$o$l$k!#$=$N9=@.$r?^4

$K<($9!#

8w3X7O$N@)8f$O!"%J%9%_%9Bf>e$N@)8f<<$K@_CV$5$l$k%\!<%I7W;;5!$K$h$C$F9T$o$l!"NdE`5!$K$D$$

$F$OF1$8$/%J%9%_%9@)8f<<$K$*$+$l$k@lMQ%3%s%H%m!<%i$K$h$C$F@)8f$5$l$k!#CCD @)8f$K$OMessia IV

$,MQ$$$i$l$F$$$k!#

4QB,$N:]$N@)8f$O!"@)8fEo$K$*$+$l$k4QB,AuCV@)8f7W;;5!(OBCP) $+$i$NDL?.$G9T$&$3$H$,$G$-$k!#

$5$i$K!"%f!<%6$KI,MW$J:n6H( J,8w4o$*$h$S<~JU8w3X7O$N@_Dj!"%G!<%?<hF@) $O!"$h$j>e0L$N4QB,E}9g@)

8f7W;;5! (OBS) $+$i$N%3%^%s%I( Cj>]2=%3%^%s%I) $K$h$C$F<B9T2DG=$G$"$k!#$J$*!"OBS $+$i$O!"K>1s

6@$d4D6-$J$I$K$D$$$FI,MW$J>pJs$,AuCV$KG[I[$5$l$k!#$^$?!"OBCP $K$h$C$F<hF@$5$l$?%G!<%?$O%G!<

%?4IM}MQ7W;;5!OBC $K<+F0E*$KE>Aw$5$l!"%G!<%?%Y!<%9$K3JG<$5$l$k!#

J,8w4o$N;OF0!"=*N;!"FC<l$J@_Dj$d!"%a%s%F%J%s%9$N0lIt$O4QB,AuCV@)8f7W;;5!(OBCP) $+$i9T$&!#

K>1s6@$H<~JU8w3X7O$N@)8f$O!"@)8f7W;;5!TSC $+$i9T$&$3$H$,$G$-$k!#4QB,;~$KI,MW$J@)8f$K$D$$

$F$O!"OBS $+$iCj>]2=%3%^%s%I$K$h$C$F<B9T$9$k$3$H$,$G$-$k!#

OBS

OBC

TSC

OBCP

T elescop e

CAL(Th-Ar,Flat)

SV,A G,IMR,ADC

Optics

Refrigerato r

CCD

�

�

�

�

�

�9

Data

Control Building

Abstract

Command

�

�

�

�

User

?

?^ 4: K>1s6@!&HDS $N@)8f%7%9%F%`!#OBC,TSC,OBCP ,OBC $O$$$:$l$b@)8fEo$KCV$+$l$k7W;;5!!#%f!<

%6$,%"%/%;%9$9$k$N$OOBS
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2.6 I

2

%;%k!&8wNL%b%K%?

� L\E*

K\AuCV$O!"E7BN$N;k@~B.EY$N@:L)B,Dj$r9T$&$?$a$K;HMQ$5$l$k!#I

2

%;%k$r%9%j%C%H$N8eIt$KA^F~

$9$k$3$H$K$h$C$F!"@1$N%9%Z%/%H%k$K%h%&AG$N5[<}@~(500nm-620nm !K$r=E$M9g$o$;$F4QB,$7!"N>

<T$N%9%Z%/%H%k$NAjBPE*$J0LCVJQ2=$r$_$k$3$H$G4QB,;~$N4o5!E*$J1F6A$r$G$-$k$@$1<h$j=|$-!"E7

BN<+BN$N1?F0$K$h$k%9%Z%/%H%k$N;k@~B.EYJQ2=$r@:L)$KB,Dj$9$k!#$^$?!"8wNL%b%K%?$G@1$+$i$N

8wNL$r9o!9%b%K%?!<$9$k$3$H$G<B<AE*$JO*=P;~4V$NCf?4$rF3$-=P$7!"CO5e$N1?F0$J$I$K$h$k;k@~

B.EY$NJQ2=$NJd@5$r@:3N$K9T$&!#

� 5!G=$H9=@.

I

2

%;%k$O!"<g$K!"%;%kK\BN$,<}$a$i$l$F$$$k!V??6uMF4o!W$H%;%k$N29EY$rD4@a$9$k!V29EY%3%s%H

%m!<%i!W$+$i9=@.$5$l$k!#??6uMF4o$O3QEYD4@0Bf$r2p$7$FHDS K\BNB&$NI
2

%;%kMQ%9%F!<%8$K<hIU

$1$i$l$F$*$j!"8w<4$X$NA^F~!&B`Hr$,2DG=$H$J$C$F$$$k!#$^$?!"??6uMF4oFb30$N29EY$O!"HDS A4

BN$N29EY$r%b%K%?!<$9$k%G!<%?%m%,!<$K$h$C$F%b%K%?!<$5$l$k!#??6uMF4o$NCf$K$O!"%R!<%?!<$,

4,$+$l$?F<OH$GJ$$o$l$?!"I

2

%;%kK\BN$,<}$a$i$l$F$$$k!#%;%k$O!"D>7BLs55mm !"8|$5Ls 38mm

$N1_Cl7A$r$7$F$*$j!"$3$l$rLs 55 EYC $K29$a$k$3$H$K$h$C$F!"FbIt$N%h%&AG$,5$2=$7!";g?'$N5$

BN$H$J$k!#%;%k$N2s$j$r??6u$K$9$k$N$O!"G.8zN(NI$/%;%kK\BN$r29$a$k$?$a$G$"$k!#

I

2

%;%k$N@-G=$K4X$7$F$O!"8=:_C;;~4VFb$G$N0BDj@-$J$I$N%F%9%H$7$+9T$o$l$F$$$J$$$,!"L@$k$$

B@M[7?@1$N4QB,$G$OAjBPE*$K2-3m/s $N@:EY$G;k@~B.EYJQ2=$,5a$a$i$l$F$$$k!#$7$+$7$J$,$i!"$3

$l$OJ]>ZCM$G$O$J$/!"$9$P$kK\BN$N0BDj@-$J$I$b4^$a$F:#8e$5$i$K%F%9%H$7$F$$$/I,MW$,$"$k!#

8wNL%b%K%?$O!"<g$K!"!V8wNL%b%K%?AuCVK\BN!W$H!V%Q%k%9%+%&%s%?!W$+$i9=@.$5$l$k!#8wNL%b%K%?

AuCVK\BN$r8w<4>e$KA^F~$9$k$H!"%9%j%C%H$rDL$C$F$-$?8w$NLs1% $,%S!<%`%9%W%j%C%?$K$h$C$F8w

NL%b%K%?Fb$KF3$+$l!"<g6@A|0LCV$K$"$k8wEE;RA}G\4I$G8wNL$,B,Dj$5$l$k!#8wEE;RA}G\4I$O!"HDS

K\BN$+$i6!5k$5$l$kDc055V EE8;$K$h$C$FF0:n$7!"%Q%k%9%+%&%s%?$KGPIB 7PM3$G%+%&%s%H>pJs

$rAw$k!#
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3 4QB,=`Hw

3.1 HDS @_Dj%Q%i%a!<%?$N7hDj

K\@a$G$O!"4QB,<T$N9T$&$3$H$,$G$-$kHDS $N@_Dj$*$h$S$=$N%Q%i%a!<%?$K$D$$$F@bL@$9$k!#4QB,$O

$3$l$i$N%Q%i%a!<%?$r6nF02DG=$JHO0O$G<+M3$KAH$_9g$o$;$F9T$&$3$H$,2DG=$G$"$k$,!"4QB,$*$h$S%G!<

%?@0Ls$N8zN(2=$N$?$a!"3.3 @a$G=R$Y$kI8=`E*$J@_Dj$G$N4QB,$r?d>)$9$k!#$J$*!"%0%l!<%F%#%s%0$N@_Dj

$K$h$C$F7h$^$k%9%Z%/%H%k%U%)!<%^%C%H$O!"3.2 @a$G@bL@$9$k%7%_%e%l!<%?$K$h$C$F7W;;$G$-$k!#

3.1.1 %(%7%'%k%0%l!<%F%#%s%0

%(%7%'%k%0%l!<%F%#%s%0$N3QEY@_Dj$O!"%9%Z%/%H%kJ,;6J}8~$K$D$$$F$N%G!<%?<hF@GHD90h$r7hDj$9

$k!#3F%*!<%@$N%V%l!<%:GHD9$d%U%j!<%9%Z%/%H%k%l%s%8Ey$K$D$$$F$O6.1 @a$r;2>H!#

%(%7%'%k%0%l!<%F%#%s%0$O1 <oN`$N$_$G!"2sE>3Q$rJQ99$9$k$3$H$,$G$-$k!#%V%l!<%:GHD9$,8!=P4o

$N$[$\Cf1{$K$/$k3QEY( @_DjCM$G0.4 EY) $rI8=`E*$J@_Dj$H$9$k!#

6a@V300h$G$O!"0l<!?t$N%U%j!<%9%Z%/%H%k%l%s%8$,9-$/$J$j!"8!=P4o$+$i$O$_$@$9!#$3$N$h$&$J>l

9g!"CmL\$7$F$$$kGHD9$,8!=P4o>e$NE,@Z$J0LCV$K$/$k$h$&$K%(%7%'%k3QEY$r@_Dj$7$J$1$l$P$J$i$J$$!#

3.1.2 %/%m%9%G%#%9%Q!<%6%0%l!<%F%#%s%0

%/%m%9%G%#%9%Q!<%6$O@DMQ!"@VMQ$NFs<oN`$,$"$j!"4QB,8zN($K$b$H$E$$$FA*Br$9$k!#8zN($N5UE>$9$k

GHD9$OLs4500

�

A(2.3 @a;2>H) !#$^$?!"@DMQ$N%/%m%9%G%#%9%Q!<%6$N$[$&$,J,;6$,9b$$$?$a!"F1$8GHD9$K$D

$$$F$O$h$j%9%j%C%HD9$r9-$2$k$3$H$,$G$-$k(3.1.3 @a) !#

%/%m%9%G%#%9%Q!<%6$N3QEY@_Dj$K$h$C$F!"4QB,$9$k%9%Z%/%H%k$N<!?t$rA*Br$9$k!#

3.1.3 %9%j%C%H

K>1s6@$+$i$NF~<M8w$r7h$a$k$N$,%9%j%C%H$G$"$k!#

%9%j%C%HI}$O!"4pK\E*$KGHD9J,2rG=$r7hDj$9$k!#%9%j%C%HI}$HGHD9J,2rG=$N4X78$O0J2<$N$H$*$j!#$?

$@$7J,2rG=$N>e8BCM$O!"8!=P4o$N%T%/%;%k%5%$%:$N@)8B$K$h$jLs16.5 K|$G$"$k!#

%9%j%C%HI}(mm)=1 : 8 � 10

4

/ J,2rG= ( R )

( Nc) J,2rG= R = 90 ; 000 , %9%j%C%HI}= 0.2mm

0lJ}!"%9%j%C%HD9$O!"E7BN$*$h$SGX7J$N6u$K$D$$$F!"%G!<%?$H$7$F<hF@$5$l$k6u4VE*$JHO0O$r7hDj

$9$k!#%J%9%_%9>GE@$G$O!"2.0 IC3Q/mm !"$9$J$o$A 1 IC3Q$"$?$j 0.5mm $H$$$&4X78$K$J$C$F$$$k!#

$3$N4X78$O$b$A$m$s%9%j%C%HI}$K$D$$$F$bF1MM$K@.$jN)$D!#

$^$?!"%9%j%C%HD9$r$`$d$_$KD9$/$9$k$H!"NY$N<!?t$N%9%j%C%HA|$H=E$J$C$F$7$^$&!#$=$&$J$i$J$$$?

$a$N%9%j%C%HD9$N:GBgCM$O!"I=2 $N$H$*$j$G$"$k!#

3.1.4 %U%#%k%?

L\E*$H$9$kGHD90h0J30$N8w$r%+%C%H$9$k$N$KMQ$$$i$l$k!#<g$K!"@VNN0h$N%9%Z%/%H%k$r<hF@$9$k>l

9g$K!"@DNN0h$NFs<!8w$,:.F~$9$k$N$rKI$0$?$a$KMQ$$$k!#
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I= 2: NY$N%*!<%@$H=E$J$i$J$$$?$a$N%9%j%C%HD9:GBgCM

GHD9 %/%m%9%G%#%9%Q!<%6 %9%j%C%HD9:GBgCM

(mm) (arcsec)

3100

�

A Blue 2.2 4.4

3500

�

A Blue 2.9 5.8

4000

�

A Blue 3.8 7.6

4500

�

A Blue 4.9 9.8

4000

�

A Red 2.4 4.8

4500

�

A Red 3.1 6.2

5000

�

A Red 3.8 7.6

7000

�

A Red 7.4 14.8

10000

�

A Red 15.1 30.2

%U%#%k%?$N<oN`$HF)2aGHD9$K$D$$$F$O!"I=3 $r;2>H!#0J2<$KI8=`E*$J@VMQ!"@DMQ$N@_Dj$NNc$r<($9!#

( Nc) @VNN0h(510-780nm) !' Filter 1=F ree, Filter 2=SC46

( Nc) @DNN0h(340-510nm) !' Filter 1=SQ, Filter 2=F ree

%U%#%k%?!<$rF~$l$k$3$H$K$h$C$F8wO)D9$,$+$o$k$?$a!"%3%j%a!<%?$N>GE@0LCV$,JQ2=$9$k!#I8=`E*

$J%3%j%a!<%?A08e0LCV$N@_Dj$O!"2 $D$N%?!<%l%C%H$N$&$A0lJ}$N$_%U%#%k%?( 8|$5 5mm) $rF~$l$?>l9g$K

BP1~$7$F$$$k(ND %U%#%k%?$N8|$_$OL5;k2DG=) !#>e$NNc$G!"@DNN0h$N>l9g$G$bAGDL$7%,%i%9(SQ) $rF~

$l$F$$$k$N$O$=$N$?$a$G$"$k!#%U%#%k%?!<L5$7!"$b$7$/$OFC<l$J8|$5$N%U%#%k%?$rMQ$$$k>l9g$K$O!"%3

%j%a!<%?A08e0LCV$rJd@5$9$kI,MW$,$"$k!#

3.1.5 8!=P4o

CCD FI$_$@$7$N:]$K!"%S%s%K%s%0$,2DG=$G$"$k!#$3$l$K$h$j!"FI$_=P$7%N%$%:$r$*$5$($k$3$H$,$G

$-!"FI$_=P$7;~4V$bC;=L$G$-$k!#3F@_Dj$NCCD FI$_=P$7;~4V$OI=4 $N$H$*$j$G$"$k!#$?$@$7!"K0OB%l

%Y%k$O%S%s%K%s%0$N7k2L$H$7$FB-$79g$o$5$l$?J#?t$N%T%/%;%kJ,$N%+%&%s%H$G7h$^$k$N$G!"0l2s$NO*=P

$GC#@.$G$-$k:G9b$NS/N Hf$O>.$5$/$J$k!#L@$k$$E7BN$G9b$$%+%&%s%H$rF@$k$3$H$rL\;X$9>l9g$K$O!"Cm

0U$,I,MW$G$"$k!#

3.1.6 8!=P4oIt2sE>

%9%j%C%HA|$rCCD JB$S$K9g$o$;$k$?$a$K8!=P4o( ;Y;}It ) $r2sE>$5$;$k$3$H$,$G$-$k!#%(%7%'%k$N

%V%l!<%:GHD9$r8!=P4o$NCf1{$K$b$C$F$/$k$H$-$K$O!"@_Dj3Q$r� 1 EY$K$9$k$H!"8!=P4oCf1{IU6a$G%9%j%C

%HA|$N79$-$,>.$5$/$J$k!#D9%9%j%C%H4QB,$G%9%j%C%HA|$r@:EY$h$/CCD $J$i$S$K$=$m$($k$K$O$5$i$K

HyD4@0$,I,MW$G$"$k!#

0lJ}!"%(%7%'%k$N%V%l!<%:GHD9$+$iBg$-$/$O$:$l$?GHD90h$r4QB,$9$k>l9g( 6a@V300h$N>l9g$J$I) $K

$O!"%9%j%C%HA|$,CCD $J$i$S$+$iBg$-$/$:$l$k$N$G!"8!=P4oIt2sE>$K$h$kD4@0$,I,MW$G$"$k!#
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I= 3: %U%#%k%?!<$N<oN`$HF)2aGHD9

%U%#%k%?!<L> %?!<%l%C%H F)2aGHD9%G!<%?� ?d>)4QB,GHD90h

SQ 1 ( AGDL$7%,%i%9)

ND1 1 (10% F)2a)

ND2

��

1 (1% F)2a)

ND3

��

1 (0.1% F)2a)

OG530 1 590-980nm 590-980nm(Red)

KV408 1 434-774nm 434-774nm(Red)

H � 1 654-659nm 654-659nm

SC46 2 485-896nm 485-896nm(Red)

GG495 2 550-900nm 550-900nm(Red)

SC42 2 456-796nm 456-796nm(Red)

KV389 2 410-746nm 385-746nm(Red)

KV370 2 394-680nm 394-680nm(Blue)

W G335

��

2 393-606nm 393-606nm(Blue)

R G610

��

2 660-1120nm 660-1120nm(Red)

R G715

��

2 780-1200nm 780-1200nm(Red)

� C;GHD9%+%C%H%U%#%k%?$K$D$$$F$O!"99% F)2aGHD9$H1% F)2a ( %+%C%H%*%U) GHD9$N2 G\$NGHD9$r<($7$?!#

SC %U%#%k%?$K$D$$$F$O%+%?%m%0CM!"B>$N%U%#%k%?$K$D$$$F$Otorelance CM$G$"$k!#

�� I8=`$G$O%?!<%l%C%H$KF~$C$F$$$J$$$,!"B>$N%U%#%k%?$H8r49$7$F;HMQ2DG=!#

I= 4: CCD FI$_$@$7;~4VEy

%S%s%K%s%0$N@_Dj FI$_=P$7;~4V %o%$%W!"%G!<%?E>AwEy4^$a$?

( %9%j%C%HJ}8~!"GHD9J,;6J}8~) ( IC ) A4%*!<%P!<%X%C%I( IC)

1 � 1 Ls 70 Ls 110

2 � 1 Ls 45 Ls 85

2 � 2 Ls 30 Ls 70

4 � 1 Ls 30 Ls 70
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3.2 %9%Z%/%H%k%U%)!<%^%C%H$N7hDj

%9%Z%/%H%k%U%)!<%^%C%H$O!"O*=P;~4V$N8+@Q$b$j$H$"$o$;$F!"0J2<$NW eb %Z!<%8$G7W;;2DG=$G$"$k!'

http://www.naoj.org/Obse rvin g/I nstr umen ts/ HDS/

$3$l$H$OJL$K!"@_Dj%Q%i%a!<%?$r7hDj$9$k$?$a$K!"%9%Z%/%H%k%U%)!<%^%C%H$r7W;;$9$k$?$a$N%=%U%H

%&%(%"$,=`Hw$5$l$F$$$k( HDS_SPFv20.f $^$?$OHDS_SPFv20wopg.f ) !#%=!<%9$OF ortran 77 $G=q$+$l!"

?^$NI=<( ( %*%W%7%g%s) $N$?$a$K$OPGPLOT $rMQ$$$F$$$k!#%=!<%9$O0J2<$NURL $+$i<hF@2DG=$G$"$k!#

http://optik2.mtk.nao.ac .jp/ HDS /ind ex_J .ht ml

>\$7$/$OF1%Z!<%8$NREADME SPjp $r;2>H!#7k2L$H$7$FF@$i$l$k%9%Z%/%H%k%U%)!<%^%C%H$NNc$r

?^ 5 $K<($9!#
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?^ 5: %7%_%e%l!<%?$G7W;;$5$l$?%9%Z%/%H%k%U%)!<%^%C%H$NNc
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3.3 J,8w4o$NI8=`@_Dj

>e=R$N$h$&$K!"%0%l!<%F%#%s%0$NA*Br$*$h$S3QEY@_Dj$OG$0U$K9T$&$3$H$,$G$-$k$?$a!"%9%Z%/%H%k

%U%)!<%^%C%H$O%f!<%6$,<+M3$K;XDj$G$-$k!#$7$+$7!"4QB,$H2r@O$r8zN(E*$K?J$a$k$K$O!"2?<oN`$+$NI8

=`E*$J%9%Z%/%H%k%U%)!<%^%C%H( %F%s%W%l!<%H) $rMQ$$$k$3$H$,K>$^$7$$!#I=5 $K!" HDS $NI8=`%9%Z%/%H

%k%U%)!<%^%C%H$*$h$S$=$N$?$a$N@_Dj$r<($9!#$3$l$i$O:#8eI,MW$K1~$8$FDI2C$5$l$kM=Dj$G$"$k!#

I= 5: J,8w4o$NI8=`%U%)!<%^%C%H!&@_Dj

GHD9 GHD9 %/%m%9 %/%m%93QEY %3%j%a!<%? %U%#%k%?

CCD2(nm) CCD1(nm) ( IC3Q!"EY) (1,2)

StdUa 308-387 397-476 Blue 17820 (4.95) Blue F ree(SQ),F ree

StdUb 297-374 384-464 Blue 17100 (4.75) Blue F ree(SQ),F ree

StdBa 342-419 429-508 Blue 19260 (5.35) Blue F ree(SQ),F ree

StdBc 354-435 445-521 Blue 19890 (5.526) Blue F ree(SQ),F ree

StdY a 400-480 490-566 Blue 21960 (6.19) Blue F ree(SQ),F ree

StdYb 411-540 553-681 Red 15730 (4.37) Red F ree,KV370

StdYc 437-566 581-705 Red 16500 (4.583) Red KV480,F ree

StdRa 510-638 650-779 Red 18455 (5.126) Red F ree,SC-46

StdRb 534-659 673-800 Red 19080 (5.30) Red F ree,SC-46

StdNIRa 750-869 897-1016 Red 25200 (7.00) Red OG530,F ree

StdNIRb 665-789 811-937 Red 22860 (6.35) Red OG530,F ree

StdNIRc 617-740 759-882 Red 21360 (5.933) Red OG530,F ree

StdI2a 493-618 637-759 Red 18000 (5.00) Red F ree,SC-46

StdI2b 352-479 493-618 Red 14040 (3.90) Red F ree(SQ),F ree

StdHa { 654-659 Red 0 (0.00) Red F ree(SQ),F ree
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3.4 O*=P;~4V$NI>2A

3FGHD90h(U,B,V,R,I) $K$*$$$F4|BT$5$l$k8w;R?t( N

photon

) $O!"0J2<$N<0$G7W;;$5$l$k!#

N

photon

= a

band

� 10

� m

band

= 2 : 5

� T

exp

� f

$3$3$G!"a

band

$O3FGHD90h$4$H$NDj?t( I= 6) !" m

band

$O$=$NGHD90h$G$NE7BN$NEy5i!"T

exp

$OO*=P;~4V

( IC ) !" f $O%9%j%C%H$KMn$A$k8w$N3d9g( %9%j%C%HI}!"%7!<%$%s%0%5%$%:$K0MB8) $G$"$k!#

I= 6:

GHD90h a

band

U (3670

�

A) 5 : 4 � 10

5

B (4360

�

A) 6 : 3 � 10

5

V (5450

�

A) 8 : 5 � 10

5

R (6380

�

A) 8 : 0 � 10

5

I (7970

�

A) 2 : 7 � 10

5

>e$N<0$G!"f $NCM$O%9%j%C%HI}$,%7!<%$%s%0%5%$%:$HF1DxEY$G$"$l$Pf � 0 : 75 $H$J$k$,!"<B:]$K$O

6u$N>uBV$dE7BNDIHx$N@:EYEy$b1F6A$9$k$N$G!"$3$l$h$j$b$d$d>.$5$$CM$H$J$k!#

$3$l$i$N%G!<%?$r$b$H$K!"E7BN$NL@$k$5!"<oN`!"%9%j%C%HI}Ey$HO*=P;~4V$rM?$($F!"3FGHD9$G$NS/N

Hf$r7W;;$9$k%D!<%k$,!"0J2<$N%Z!<%8$KMQ0U$5$l$F$$$k( A0=P$N%9%Z%/%H%k%U%)!<%^%C%H7W;;$H6&DL) !#

http://www.naoj.org/Obse rvin g/I nstr umen ts/ HDS/



3 4QB,=`Hw 22

3.5 E7BN$N9bEY$*$h$SBg5$:9

E7BN$+$i$N8w$O!"Bg5$J,;6$K$h$j!"GHD9$K$h$C$F9bEY$,0[$J$C$F8+$($k!#E7BN$N%,%$%I$r$"$kGHD9BS

( V %P%s%I$J$I) $rCf?4$K9T$&$H>l9g!"L\E*$H$9$kGHD9$G$OE7BN$,%9%j%C%H$K$N$i$J$$>l9g$,$"$k!#?^6

$K$O!"%^%&%J%1%";3D:$rA[Dj$7$?>l9g( 5$29 0 EYC !"5$05 625hP a) $N!"3FGHD9$H5500

�

A $H$N4V$NBg5$:9

$r!"E7D:3Q$N4X?t$H$7$F<($7$?!#;g300h$G$OBg5$:9$N1F6A$,Hs>o$KBg$-$$$3$H$,$o$+$k!#

?^ 6: Bg5$:9 ( GHD95500

�

A $H3FGHD9$G$NBg5$J,;6$N:9) $HE7D:3Q$N4X78

ADC $rMQ$$$l$PBg5$:9$N1F6A$O=|5n$G$-$k$,!"ADC $O3500

�

A 0J2<$G$O8zN($,6K$a$FDc$$!#Bg5$:9

$N1F6A$rHr$1$k$b$&0l$D$NJ}K!( E@8w8;$N>l9g) $O!"%$%a!<%8%m!<%F!<%?$rMQ$$$F!"Bg5$J,;6$NJ}8~( E7

D:J}8~ ) $K%9%j%C%H$r8~$1$k$3$H$G$"$k!#$3$l$K$h$j!"Bg5$:9$,$"$C$F$b%9%j%C%H$KE7BN$N8w$rMn$9$3$H

$,$G$-$k!#8=;~E@$G$O!">o;~%9%j%C%H$rE7D:J}8~$K$`$1$J$,$iE7BN$rDIHx$9$k$h$&$K$O=`Hw$G$-$F$$$J

$$$,!"4QB,3+;O;~$K%9%j%C%H$N%]%8%7%g%s%"%s%0%k$rE,Ev$KM?$($k$3$H$G!"4QB,;~4VCf$K%9%j%C%H$,$[

$\E7D:$K8~$/$h$&$K@_Dj$9$k$3$H$,2DG=$G$"$k!#

%9%j%C%H$,E7D:J}8~$r8~$/$h$&$J%]%8%7%g%s%"%s%0%k$r!";~9o$N4X?t$H$7$FG$0U$NE7BN$KBP$7$F7W

;;$9$k$?$a$N%W%m%0%i%`(F ortran 77 !" PGPLOT) $,=`Hw$5$l$F$$$k(CALCP A.f $b$7$/$OCALCP A-

w opg.f ) !#0J2<$N URL $+$i<hF@2DG=$G$"$k!#

http://optik2.mtk.nao.ac .jp/ HDS /ind ex_J .ht ml

>\:Y$OF1%Z!<%8$NREADME P Ajp $r;2>H!#7k2L$NNc$r? 7̂ $K<($9!#
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?^ 7: %9%j%C%H$N%]%8%7%g%s%"%s%0%k$N7W;;7k2L$NNc!#HST $O%O%o%$I8=`;~!"AZ $HEL $OK>1s6@$NJ}0L

3Q$H9bEY3Q!"P A $O%]%8%7%g%s%"%s%0%k!"AD $OBg5$:9$r0UL#$9$k!#
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3.6 I

2

%;%k!&8wNL%b%K%?

I

2

%;%k$N4QB,=`Hw$G!"B>$N4QB,$N=`Hw$HBg$-$/0[$J$kE@$O$J$$$N$G!"K\>O$NB>$N@a$r;2>H$5$l$?$$

!J 3.3 @a$K<($7$?I8=`@_Dj$rMQ$$$k$3$H$,K>$^$7$$!K!#O*=P;~4V$N8+@Q$b$j$K4X$7$F$O!"I

2

%;%kA4BN$GLs

15% DxEY$N8wNL%m%9$,$"$k$3$H$r9MN8$7$F$*$/!#

4QB,<j=g$r9M$($k>e$G$O!"I

2

%;%k$d8wNL%b%K%?$NA^F~!&B`Hr$N%?%$%_%s%0$J$I$r=<J,9M$($F8zN(NI

$$4QB,$,9T$($k$h$&$K$9$Y$-$G$"$k!#

3.7 %A%'%C%/%j%9%H

4QB,=`Hw$N9`L\%j%9%H$r0J2<$K<($9!#

� J,8w4o$N@_Dj: ( � : I8=`%U%)!<%^%C%H$+$iA*Br$9$k$3$H$r?d>)$9$k)

{ %9%j%C%H( I}!"D9 )

{ %U%#%k%?!<( %?!<%l%C%H1 !" 2) �

{ @D/ @VNN0hA*Br( %/%m%9%G%#%9%Q!<%6!"%3%j%a!<%?) �

{ %/%m%9%G%#%9%Q!<%63QEY�

{ %(%7%'%k%0%l!<%F%#%s%03QEY�

{ 8!=P4o2sE>3Q

� CCD $N@_Dj:

{ %S%s%K%s%0(1 � 1, 2 � 1, 4 � 1, 2 � 2)

� O*=P;~4V

� E7BN0LCV!"%]%8%7%g%s%"%s%0%k
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4 4QB,

4QB,Cf$K9T$&:n6H$O!"Bg$-$/J,8w4o$N@_Dj!"E7BNF3F~!"%G!<%?<hF@$K$o$1$i$l$k!#DL>o$N4QB,$G$"$l

$P!"$9$Y$F 4QB,E}9g@)8f7W;;5!(OBS) $+$i<B9T2DG=$G$"$j!"<B:]$N:n6H$O!"%*%Z%l!<%?$K$h$C$F9T$o

$l$k!#4QB,<T$O!"J,8w4o$N@_Dj$d4QB,E7BN!"O*=P;~4V$r$"$i$+$8$a7h$a$F!"!V4QB,<j=g=q!W( 8e=R) $r=`Hw

$7$F$*$-!"EvF|$N>u67$rH=CG$7$J$,$iO*=P;~4VEy$K$D$$$F;X<($r=P$9$3$H$K$J$k!#K\@a$G$O!"4QB,;~$N

:n6H$K$D$$$F@0M}$7$F@bL@$9$k!#$^$?!"<hF@$5$l$k%G!<%?$N9=B$$K$D$$$F$b<c43$N@bL@$r2C$($k!#

4.1 J,8w4o$N@_Dj

3 @a$N4QB,=`Hw$G7hDj$7$?J,8w4o3FIt$N@_DjCM$O!"OBS $+$iH/9T$9$kCj>]2=%3%^%s%ISetupOBE $N

%Q%i%a!<%?$H$7$FM?$($k!#%Q%i%a!<%?$H$=$NHO0O!&C10L$OI=7 $N$H$*$j!#$3$l$i$N%Q%i%a!<%?$O!"JQ99$N

I,MW$J$b$N$N$_;XDj$9$k( ;XDj$7$J$$$b$N$K$D$$$F$OJQ99$5$l$:!"$=$l$^$G$N@_Dj$,$=$N$^$^MQ$$$i$l

$k) !#$J$*!"Cj>]2=%3%^%s%I$G$O0lHL$K!"%3%^%s%IL>!"%Q%i%a!<%?L>!"%Q%i%a!<%?CM$K$D$$$F!"BgJ8;z/

>.J8;z$N6hJL$O$7$J$$!#

( Nc 1) %9%j%C%HI}200 � m !" %U%#%k%?!<$OAGDL$7%,%i%9!"%/%m%9%G%#%9%Q!<%63Q18000 IC3Q$N>l9g!'

SetupOBE OBE_ID=HDS SlitWidth=200 Filter1=SQ CrossScan=18000

( Nc 2) Setup-Ra ( I= 5 ;2>H) $N>l9g!'

SetupOBE OBE_ID=HDS Filter_1=Free Filter_2=SC-46 Cross=Red CrossScan=18455

Collimator=Red

4QB,<T$O!"J,8w4o$N@_Dj$K4X$7$F!"I=$K$"$k%Q%i%a!<%?$NCM$r;vA0$K7h$a$F$*$/!#%0%l!<%F%#%s%0$N

3QEY$d%U%#%k%?$K$D$$$F$O!"A0@a$G>R2p$7$?I8=`%U%)!<%^%C%H$+$iA*Br$9$k$3$H$,K>$^$7$$!#

I= 7: SetupOBE $N%Q%i%a!<%?0lMw

%Q%i%a!<%?L> FbMF HO0O/ %Q%i%a!<%?CM

Slit_Width %9%j%C%HI} 10-2,000 � m

Slit_Length %9%j%C%HD9 1,000-30,000 � m

Filter_1 %U%#%k%?!<( %?!<%l%C%H1) ND1 / ND2 / SQ / OG530/ KV408

Filter_2 %U%#%k%?!<( %?!<%l%C%H2) SC46 / SC42 / KV389 / KV370 / GG495

Collimator %3%j%a!<%?<oN` BLUE / RED

Cross %/%m%9%G%#%9%Q!<%6<oN`BLUE / RED / MIRR OR

Crros_Scan %/%m%9%G%#%9%Q!<%63QEY(14000-26000)arcsec $^$?$OStdUa Ey

Echelle %(%7%'%k%0%l!<%F%#%s%03QEY( � 3600-7200)arcsec

Cam_Rotate 8!=P4o;Y;}It2sE>3Q ( � 7200-7200)arcsec
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4.2 E7BN$N%9%j%C%H>e$X$NF3F~$H%,%$%I

E7BN$N0LCV$HJ,E@$O!"Cj>]2=%3%^%s%ISetupField $N%Q%i%a!<%?$H$7$FM?$($k!#$3$N%3%^%s%I$G%9

%j%C%H6a$/$KE7BN$rF3$/$3$H$,$G$-$?$i!"%3%^%s%ISetupField Fine $G0LCV$rHyD4@0$9$k!#

$3$N%3%^%s%I$N%Q%i%a!<%?$H$7$F$O!"B>$K!"%$%a!<%8%m!<%F!<%?$NM-L5!"%9%j%C%H$N%]%8%7%g%s%"%s

%0%k$N;XDj!"Ey$,$"$k!#

4.3 4QB,<j=g=q

4QB,<j=g=q$O!">e$G@bL@$7$?$h$&$JCj>]2=%3%^%s%IEy$r!"4QB,$N<j=g$K$=$C$F=`Hw$7$F$*$/%U%!%$

%k$G$"$k!#Jd0d$KNc$r<($9(6.2 @a) !#$=$N:n@.$K$D$$$F$O!"%5%]!<%H%"%9%H%m%N%^$HAjCL$7!"4QB,$,;O$^

$k$^$G$K:n@.$7$F$*$/$3$H$,K>$^$7$$!#

4.4 %G!<%?<hF@

%G!<%?<hF@$N0lO"$NF0:n$O!"0J2<$N$h$&$K@0M}$G$-$k!#

!& CCD %o%$%W

!&O*=P( %7%c%C%?!<3+JD!'%P%$%"%9%G!<%?$N$H$-$OL5$7!"%@!<%/$N$H$-$O%7%c%C%?!<3+JD$OL5$7)

!&O*=PCf$*$h$S$=$NA08e$G3F<o%9%F!<%?%9$N<hF@

!& CCD FI$_$@$7

!&%U%l!<%`ID <hF@(4.7 @a;2>H)

!& FITS %G!<%?7A<0$H$7$F40@.

!&%G!<%?E>Aw(OBC $X)

!&<hF@%G!<%?I=<((OBS >e)

E7BN$*$h$S3S@5MQ%G!<%?$N<hF@$O!"0J2<$N%3%^%s%I$G<B9T$G$-$k!#3S@5MQ%G!<%?$N<hF@$N%?%$%_%s

%0$K$D$$$F$O!"4.5 @a$r;2>H!#

I= 8: %G!<%?<hF@%3%^%s%I0lMw

%3%^%s%IL> FbMF %Q%i%a!<%?

GetOb ject E7BN%G!<%?<hF@ ExpTime( O*=P;~4V) [sec]

GetStandard I8=`@1%G!<%?<hF@ ExpTime( O*=P;~4V) [sec]

GetComparison GHD93S@5MQ%G!<%?(Th-Ar) <hF@ ExpTime( O*=P;~4V) [sec]

GetOBEFlat %U%i%C%H%G!<%?( %O%m%2%s%i%s%W) <hF@ ExpTime( O*=P;~4V) [sec]

GetDark %@!<%/%G!<%?<hF@ ExpTime( ;~4V) [sec]

GetBias %P%$%"%9%G!<%?<hF@ L5$7

%G!<%?$OFs$D$NCCD $K$D$$$FJL!9$NFITS %U%!%$%k$H$7$F<hF@$5$l$k!#%G!<%?$NFCD'$K$D$$$F$O!"

4.7 @a$G@bL@$9$k!#
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4.5 3S@5MQ%G!<%?$N<hF@

DL>o!"3S@5MQ%G!<%?$H$7$F<hF@$9$k$N$O!"%P%$%"%9!"%@!<%/!"%U%i%C%H!"GHD93S@5MQ%G!<%?(Th-Ar)

$N4 <oN`$G$"$k!#%G!<%?<hF@$N%3%^%s%I$O4.4 @a$r;2>H!#

3S@5MQ%G!<%?$r<hF@$9$kIQEY$O!"MW5a$5$l$k%9%Z%/%H%k$N@:EY$K0MB8$9$k$,!"0J2<!"L\0B$H$7$F3S

@5MQ%G!<%?$r<hF@$9$Y$-%?%$%_%s%0$r=R$Y$k!#

� GHD93S@5MQ%G!<%?(Th-Ar)

%9%Z%/%H%k%U%)!<%^%C%H$O!"J,8w4o$N@_Dj$rJQ$($?>l9g$KB?>/JQ2=$9$k!#$^$?!"J,8w4o$N@_Dj$rJQ

99$7$J$/$F$b!"%J%9%_%9<<Fb$N29EYJQ2=$K$h$C$F$bJQF0$9$k(2.3 @a;2>H) !#$=$3$G!"Lk4V$N4QB,Cf

$KGHD93S@5MQ%G!<%?$O<hF@$9$kI,MW$,$"$k>l9g$,B?$$!#

� %U%i%C%H%G!<%?

%U%i%C%H%G!<%?$O!"%9%Z%/%H%k%U%)!<%^%C%H$N:F8=@-!"%9%Z%/%H%k$N0BDj@-(2.3 @a;2>H) $NHO0OFb

$G!"F1$8@_Dj$J$i$PE7BN%G!<%?$H;~4V$r$"$1$F<hF@$7$F$bLdBj$J$$!#$7$?$,$C$FLk4V4QB,3+;OA0

$b$7$/$O=*N;8e$K<hF@$9$k!#

� %@!<%/

2.3 @a$G<($7$?$h$&$K!"%@!<%/$OBg$-$/$J$$$N$G!"C;$$O*=P;~4V$N%G!<%?$K$D$$$F$OJd@5$OI,MW$J

$$!#%@!<%/%G!<%?$r<hF@$9$k>l9g$G$b!"Lk4V4QB,$NA08e$K9T$($P==J,$G$"$k!#

� %P%$%"%9

2.3 @a$G<($7$?$h$&$K!"%P%$%"%9%l%Y%k$OJQF0$9$k$3$H$,L@$i$+$K$J$C$F$$$k!#$3$NJQF0$K$D$$$F

$O!"3F%G!<%?$K$D$1$F$$$k%*!<%P!<%9%-%c%sNN0h$rMQ$$$FJd@52DG=$G$"$k( Jd@5J}K!$K$D$$$F$O5

@a;2>H) !#$7$?$,$C$F!"%P%$%"%9%G!<%?$OLk4V4QB,$NA08e$K<hF@$9$l$P==J,$G$"$k!#

Th-Ar %G!<%?$K$D$$$F$O!"%9%j%C%HI}200 � m !"%S%s%K%s%0L5$7$N>l9g!"EEN.CM$O15mA $K@_Dj$7!"

20 ICDxEY$NO*=P$G$H$l$P$*$*$`$ME,Ev$J51@~6/EY$H$J$k!#

0lJ}!"%O%m%2%s%i%s%W$N%G!<%?<hF@$N:]$N!"8w8;$*$h$SO*=P;~4V$N@_Dj$NL\0B$r0J2<$K<($9( %9%j%C

%HI} 200 � m !"%S%s%K%s%0L5$7$N>l9g) !#CmL\$9$kGHD90h$K$h$j!"$3$l$i$N@_Dj$OJQ$($kI,MW$,$"$k!#$J

$*!"I=Cf$N 'Filter' $O!"8w8;B&$N%U%#%k%?$NL>>N$G$"$k2 !#

$J$*!"I8=`E*$J@_Dj$K$D$$$F$N%U%i%C%H%G!<%?$O!"<A$N9b$$$b$N$rJLES=`Hw$7!"Ds6!$9$kM=Dj$G$"

$j!"I,$:$7$b4QB,$N$?$S$K<hF@$9$kI,MW$O$J$$!#

4.6 I

2

%;%k!&8wNL%b%K%?

I

2

%;%k$H8wNL%b%K%?$N@)8f$O!"8=;~E@$G$O!"OBCP $+$i$N$_2DG=$G$"$k!#4QB,$N:]$K$O!"%*%Z%l!<

%?$d%5%]!<%H%"%9%H%m%N%^$HAjCL$9$k$3$H!#

2 ;g300h (U) $N%U%i%C%HMQ%U%#%k%?U340 $O!"8=:_$OJ,8w4oB&$KF~$C$F$$$k!#>-MhE*$K$O8w8;B&$KF~$l$kM=Dj
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I= 9: I8=`E*$J%U%i%C%H$N@_Dj%Q%i%a!<%?

Setup CCD: Lamp Filter Exp osure

StdR CCD-1: 3A ND1 10sec

CCD-2: 3A B390 8sec

StdB CCD-1: 4A ND1 12sec

CCD-2: 4A T42A 4sec

StdU CCD-1: 4A ND1,B390 24sec

CCD-2: 4A U340 16sec

stdYb CCD-1: 3A ND1 15sec

CCD-2: 4A ND1 7sec

stdI

2

b CCD-1: 4A ND1 4sec

stdNIR CCD-1: 3A ND1 10sec

stdHa CCD-1: 3A ND1 15sec

4.7 %G!<%?$NFCD'

� %U%l!<%`ID

<hF@$5$l$?%G!<%?$K$ODL$7HV9f( %U%l!<%`ID) $,$D$1$i$l$k!#Fs$D$NCCD $=$l$>$l$KBP$7$FFITS

%U%!%$%k$,:n$i$l$k$?$a!"0l2s$NO*=P$KBP$7$FFs$D$N%U%l!<%`ID $,3d$jEv$F$i$l$k!#%U%l!<% ÌD

$O!"'HDSA' $K$D$E$/8 7e$NDL$7HV9f$G$"$k(2001 G/ 1 7nKv8=:_ 'HDSA00002480' ) !#HV9f$OAL$k

$3$H$O$J$/!"%G!<%?<hF@$rESCf$G%-%c%s%;%k$9$k$J$I$7$?>l9g$K$O7gHV$K$J$k!#%U%!%$%kL>$O!"$3

$l$K '.�ts' $r$D$1$?$b$N(HDSA00002480.�ts Ey) $K$J$k!#

� FITS %G!<%?$NFCD'

<hF@$5$l$kFITS %G!<%?$K$O!"DL>o$N%X%C%@It!"%G!<%?It$K2C$(!"%"%9%-!<3HD%%F!<%V%k( $3$l$b

%X%C%@It!"%G!<%?It$KJ,$1$i$l$k) $,E:IU$5$l$k!#%F!<%V%k$K$O!"<hF@$5$l$?%9%Z%/%H%k$N%U%)!<

%^%C%H( 2s@^<!?t!"GHD9!"CCD >e$G$N0LCV) $,5-O?$5$l$k ( $$$:$l$b%0%l!<%F%#%s%0Ey$N@_Dj$+$i

$N7W;;CM) !# 6.3 @a$K%X%C%@It$*$h$S%F!<%V%k$NNc$r<($9!#

$^$?!"8wNL%b%K%?$rMQ$$$?>l9g$K$O!"Fs$D$a$N%"%9%-!<3HD%%F!<%V%k$,E:IU$5$l!"$=$3$K8wNL$N

%G!<%?$,5-F~$5$l$k!#

4.8 <hF@$5$l$?%G!<%?$N<h$j07$$

� %G!<%?%Y!<%9!"%G!<%?$N8x3+

<hF@$5$l$?%G!<%?$O!"OBCP $N%G%#%9%/>e$KC_$($i$l$k$[$+!"<+F0E*$K;3O<;\@_$KE>Aw$5$l!"%G!<

%?%"!<%+%$%V%7%9%F%`(ST ARS) $KJ]B8$5$l!"4IM}$5$l$k!#%f!<%6$J$I!"%"%/%;%9$N8"Mx$r$b$C$?

<T$O!"ST ARS $+$i%G!<%?$r0z$-=P$9$3$H$,$G$-$k!#

%G!<%?%Y!<%9$G4IM}$5$l$k%G!<%?$O!"4QB,<T$NM%@h;HMQ4|4V(1 G/H>) $r2a$.$k$H8x3+$5$l$k!#

� %G!<%?$N<u$1EO$7
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4QB,%G!<%?$O!";3O<$N%G!<%?%Y!<%9$K<+F0E*$KJ]B8$5$l$k!#%G!<%?$O?=@A$K$b$H$E$$$F!"4QB,=*

N;8e$K;3O<4QB,=j$K$F!"D A T %F!<%W$b$7$/$ODL T %F!<%W$G<u$1<h$k$3$H$,$G$-$k!J?=@A=q$OMh

=j;~$KEO$5$l$k!K!#$3$l$i$NG^BN$,;H$($J$$$H$-$O4QB,=j$b$7$/$O%5%]!<%H%"%9%H%m%N%^$KAjCL$9

$k$3$H!#%G!<%?$N<u$1EO$7$N:]$K$O!"6&F1MxMQJs9p=q(Op en Use Rep ort F orm) $NDs=P$,5a$a$i

$l$k!#;3D:$G$N%G!<%?0z$-EO$7$O9T$o$J$$!#

� %G!<%?$NAa8+

<hF@$5$l$?%G!<%?$N<A$r4QB,Cf$KH=CG$9$k$?$a$K!"OBS $*$h$S 2r@OMQ7W;;5!>e$G!"0J2<$N%D!<%k

$rMQ$$$k$3$H$,$G$-$k!#

{ OBS >e!' QD AS

Fs<!852hA|$NI=<(!"2hA|>e$NG$0U$ND>@~$KBP$9$k%W%m%U%!%$%k( CGLL?^) $NI=<($J$I$,2DG=!#

<hF@$5$l$?%G!<%?$N%+%&%s%H$J$I$O$9$0$K3NG'$G$-$k!#

{ 2r@OMQ7W;;5!>e!'Ozeki

Fs<!852hA|$NI=<(!"2hA|>e$NG$0U$ND>@~$KBP$9$k%W%m%U%!%$%k( CGLL?^) $NI=<($J$I$N$[$+!"

%*!<%@%H%l!<%9$r$7$F0l<!85$K$7$?%G!<%?$r8+$k$3$H$,$G$-$k!#%*!<%@%H%l!<%9$O!"%G!<%?

$KE:IU$5$l$?%"%9%-!<3HD%%F!<%V%k$N>pJs$r$b$H$K5!3#E*$K9T$o$l$k(T.B.D.) !#
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5 %G!<%?@0Ls

5.1 %G!<%?7A<0$NFCD'

FITS %U%!%$%k$N9=B$$HFCD'$K$D$$$F$O!"4.7 @a$G=R$Y$?$N$G!"$3$3$G$O%G!<%?It$NFCD'$K$7$\$C$F

@bL@$9$k!#

x x x x

-� -� -� -�

1024 1024 1024 1024

data1-1 data1-2 data2-1 data2-2

50pix

?

o v erscan

for data1-1

?

o v erscan

for data1-2

?

o v erscan

for data2-1

?

o v erscan

for data2-2

CCD-1 CCD-2

data

readout

?^ 8: CCD %G!<%?7A<0$N35G0?^!#=D$,%9%Z%/%H%kJ,;6J}8~!"2#$,%9%j%C%HJ}8~

%G!<%?It$O!"J,;6J}8~ 4100 %T%/%;%k!"%9%j%C%HJ}8~2048 %T%/%;%k$N%G!<%?( %S%s%K%s%0L5$7$N

>l9g ) $K2C$($F!"%*!<%P!<%9%-%c%sNN0h$,$D$1$i$l$F$$$k!#%*!<%P!<%9%-%c%s$H$O!"8w$N$"$?$C$?

ItJ,$N%G!<%?FI$_$@$7$K2C$($FM>J,$KFI$_$@$7$r9T$&$3$H$G!"$=$N%G!<%?$r<hF@$7$?:]$N%P%$%"

%9%l%Y%k$r5-O?$G$-$k!#

%G!<%?$NFI$_$@$7$O!"$=$l$>$l$NCCD $K$D$$$F2 %v=j$:$D$GFI$_$@$7$F$$$k$?$a!"%G!<%?$H$7$F

$O 4100 � 1024 %T%/%;%k$,$R$H$D$N%f%K%C%H$H$J$k!#$3$l$K$=$l$>$l%*!<%P!<%9%-%c%sNN0h$,50

Ns (4100 � 50 %T%/%;%k) $D$1$i$l$k!#$3$l$K$h$j!"?^ 8 $N$h$&$J%G!<%?$,F@$i$l$k$3$H$K$J$k!#$J

$*!"0J>e$G$O%S%s%K%s%0L5$7$N>l9g$N%G!<%?7A<0$K$D$$$F@bL@$7$?$,!"%S%s%K%s%0$r9T$C$?>l9g

$G$b!"%*!<%P!<%9%-%c%sNN0h$O50 Ns$:$D$D$1$i$l$k!#

2 @a$G=R$Y$?$h$&$K!"%P%$%"%9%l%Y%k$NJQF0$,$"$kDxEYB8:_$9$k$?$a!"%G!<%?@0Ls$N:]$K$O!"%*!<

%P!<%9%-%c%sNN0h$N%G!<%?$rMQ$$$FJQF0J,$rJd@5$9$k$3$H$,$N$>$^$7$$!#@0Ls$N9T$$J}$K$D$$$F

$O!" 5.2 @a$G@bL@$9$k!#
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5.2 HDS %G!<%?$KFCM-$J=hM}

1. %"%9%-!<3HD%%F!<%V%k$N=hM}

IRAF $K$h$C$F%G!<%?$r=hM}$9$k>l9g!"%"%9%-!<3HD%%F!<%V%k$,$D$$$F$$$k$3$H$K$h$j!"FITS

%U%!%$%kL>$r;XDj$7$?$@$1$G$OD>@\$K$O=hM}$G$-$J$$!#$3$l$OFITS %U%!%$%k$rFI$_9~$`%?

%9%/r�ts $K$h$C$F=hM}2DG=$J%U%!%$%k$K$G$-$k!#

( Nc) r�ts input.�ts 0 output.�ts

$^$?!"%U%!%$%kL>$K[0] $r$D$1$l$P( HDSA00000001.�ts[0] Ey) D>@\=hM}$9$k$3$H$,$G$-$k!#

2. %*!<%P!<%9%-%c%sNN0h$N=hM}

6.3 @a$G@bL@$7$?$h$&$K!"HDS $N%G!<%?$K$O%*!<%P!<%9%-%c%sNN0h$,IU$1$i$l$F$$$k!#$3$l

$O0J2<$N$h$&$J<j=g$K$h$C$FM-8z$K=hM}$G$-$k!#$J$*!"%P%$%"%9%l%Y%k$NJQF0$,L5;k$G$-$k

$H9M$($k$J$i$P!"%*!<%P!<%9%-%c%sNN0h$r@Z$j<N$F$F$7$^$&$3$H$b$G$-$k!#

{ 3FFI$_$@$78}$KBP1~$9$k%*!<%P!<%9%-%c%sNN0h(50 � 4100pix) $NJ?6Q$r$H$k!#

{ 3FFI$_$@$78}$4$H$K!"%G!<%?$+$i!">e$G7W;;$7$?%*!<%P!<%9%-%c%sNN0h$NJ?6QCM$r:9$7

0z$/!#

{ 3FFI$_$@$78}$KBP1~$9$k%G!<%?$4$H$K!"$=$l$>$l$N%2%$%s$r$+$1$k!#%2%$%s$NCM$OI=2

$N$H$*$j!#

{ %G!<%?NN0h$@$1@Z$j$@$7!"3FCCD $4$H$K$R$H$D$N%U%!%$%k$K$J$k$h$&$K$/$D$J$2$k( %*!<

%P!<%9%-%c%sNN0h$N$J$$2048 � 4100pix $N%G!<%?$K$J$k) !#

0J2<$K!"FI$_$@$78}$4$H$NCCD %2%$%s$NCM$r<($9!#$J$*!"$3$NCM$O!"FITS %X%C%@$K$b5-:\

$5$l$F$$$k ( D9GHD9B&!'H_GAIN1 !"C;GHD9B&!' H_GAIN2 ) !#

I= 10: CCD %2%$%s

FI$_$@$78} %2%$%s(e

�

/ADU)

CCD1, :8B& ( D9GHD9B&) 1.628

CCD1, 1&B&( C;GHD9B&) 1.615

CCD2, :8B& ( D9GHD9B&) 1.782

CCD2, 1&B&( C;GHD9B&) 1.665

$3$N<j=g$G=hM}$r9T$&IRAF $N%9%/%j%W%Ho v erscan.cl $,!"0J2<$N URL $+$i<hF@$G$-$k:

http://optik2.mtk.nao.ac .jp/ HDS/ ind ex_J .htm l

;HMQJ}K!$O!"

cl>task overscan=overscan.cl

$H%?%9%/$NDj5A$r9T$C$?$&$($G!"0J2<$N$h$&$K<B9T$9$l$P$h$$!#

cl>overscan input.�ts output.�ts
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3. 0J2<$N=hM}$ODL>o$N%(%7%'%k%9%Z%/%H%k%G!<%?$N=hM}$HF1MM$G$"$k!#

IRAF $r;H$&>l9g$O!"0J2<$N%Z!<%8$N!VIRAF $K$h$k%G!<%?2r@O$N<j0z$-!W$r;2>H!#

http://optik2.mtk.nao.ac .jp/ HDS/ ind ex_J .htm l

5.3 I

2

%;%k%G!<%?$N@0Ls

T.B.D.
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6 Jd0d

6.1 %(%7%'%k%9%Z%/%H%k%U%)!<%^%C%H

@DMQ%/%m%9%G%#%9%Q!<%6$N>l9g!'

?^ 9: @DMQ%/%m%9%G%#%9%Q!<%6$rMQ$$$?>l9g$N%9%Z%/%H%k%U%)!<%^%C%H$NNc
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ORDER WAVEMIN WAVECEN WAVEMAX FSR LD CDMIN CDCEN CDMAX ORDSEP

(nm) (nm) (nm) (nm) (nm/mm) (mm) (mm) (mm) (mm)

199 298.782 299.535 300.287 1.505 0.0660 0.000 0.759 1.546 -

198 300.287 301.047 301.808 1.520 0.0663 0.485 1.246 2.036 0.490

197 301.808 302.576 303.343 1.536 0.0667 0.975 1.738 2.531 0.495

196 303.343 304.119 304.895 1.552 0.0670 1.469 2.236 3.031 0.500

195 304.895 305.679 306.463 1.568 0.0673 1.969 2.738 3.536 0.505

194 306.463 307.254 308.046 1.584 0.0677 2.474 3.245 4.046 0.510

193 308.046 308.846 309.647 1.600 0.0680 2.984 3.758 4.561 0.515

192 309.647 310.455 311.264 1.617 0.0684 3.500 4.276 5.082 0.521

191 311.263 312.080 312.897 1.634 0.0688 4.021 4.800 5.609 0.526

190 312.897 313.723 314.549 1.651 0.0691 4.547 5.329 6.141 0.532

189 314.549 315.383 316.217 1.669 0.0695 5.079 5.863 6.678 0.538

188 316.217 317.061 317.904 1.686 0.0698 5.616 6.404 7.221 0.543

187 317.904 318.756 319.608 1.705 0.0702 6.160 6.950 7.770 0.549

186 319.608 320.470 321.331 1.723 0.0706 6.709 7.502 8.325 0.555

185 321.331 322.202 323.073 1.742 0.0710 7.264 8.060 8.886 0.561

184 323.073 323.953 324.833 1.761 0.0714 7.825 8.624 9.454 0.567

183 324.833 325.723 326.613 1.780 0.0718 8.392 9.194 10.027 0.573

182 326.613 327.513 328.413 1.800 0.0722 8.965 9.770 10.607 0.580

181 328.413 329.323 330.232 1.819 0.0725 9.545 10.353 11.193 0.586

180 330.232 331.152 332.072 1.840 0.0730 10.131 10.942 11.785 0.593

179 332.072 333.002 333.932 1.860 0.0734 10.724 11.538 12.385 0.599

178 333.932 334.873 335.814 1.881 0.0738 11.323 12.141 12.991 0.606

177 335.814 336.765 337.716 1.903 0.0742 11.929 12.750 13.604 0.613

176 337.716 338.678 339.640 1.924 0.0746 12.542 13.367 14.223 0.620

175 339.640 340.614 341.587 1.946 0.0750 13.162 13.990 14.850 0.627

174 341.587 342.571 343.556 1.969 0.0755 13.789 14.620 15.485 0.634

173 343.555 344.551 345.547 1.992 0.0759 14.423 15.258 16.126 0.642

172 345.547 346.554 347.562 2.015 0.0763 15.065 15.903 16.775 0.649

171 347.562 348.581 349.600 2.038 0.0768 15.714 16.556 17.432 0.657

170 349.600 350.632 351.663 2.063 0.0772 16.370 17.217 18.096 0.664

169 351.663 352.706 353.750 2.087 0.0777 17.035 17.885 18.769 0.672

168 353.750 354.806 355.862 2.112 0.0782 17.707 18.561 19.449 0.680

167 355.862 356.930 357.999 2.137 0.0786 18.387 19.245 20.137 0.688

166 357.999 359.081 360.162 2.163 0.0791 19.076 19.938 20.834 0.697

165 360.162 361.257 362.352 2.189 0.0796 19.773 20.639 21.539 0.705

164 362.352 363.460 364.568 2.216 0.0801 20.478 21.348 22.253 0.714

163 364.568 365.689 366.811 2.243 0.0806 21.192 22.066 22.976 0.723

162 366.811 367.947 369.082 2.271 0.0811 21.914 22.794 23.708 0.732

161 369.082 370.232 371.382 2.300 0.0816 22.646 23.530 24.448 0.741

160 371.382 372.546 373.710 2.328 0.0821 23.387 24.275 25.198 0.750
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159 373.710 374.889 376.068 2.358 0.0826 24.137 25.030 25.958 0.760

158 376.068 377.262 378.456 2.388 0.0831 24.896 25.794 26.727 0.769

157 378.456 379.665 380.874 2.418 0.0836 25.666 26.568 27.506 0.779

156 380.874 382.099 383.323 2.449 0.0842 26.445 27.352 28.295 0.789

155 383.323 384.564 385.804 2.481 0.0847 27.234 28.146 29.094 0.799

154 385.804 387.061 388.318 2.513 0.0853 28.033 28.950 29.904 0.810

153 388.318 389.591 390.864 2.546 0.0858 28.842 29.765 30.724 0.820

152 390.864 392.154 393.444 2.580 0.0864 29.663 30.590 31.555 0.831

151 393.444 394.751 396.058 2.614 0.0870 30.494 31.427 32.397 0.842

150 396.058 397.383 398.707 2.649 0.0875 31.336 32.274 33.251 0.853

149 398.707 400.049 401.392 2.685 0.0881 32.189 33.133 34.116 0.865

148 401.392 402.753 404.113 2.721 0.0887 33.054 34.004 34.992 0.877

147 404.113 405.492 406.872 2.758 0.0893 33.931 34.886 35.881 0.889

146 406.872 408.270 409.668 2.796 0.0899 34.819 35.781 36.782 0.901

145 409.668 411.085 412.503 2.835 0.0906 35.720 36.688 37.695 0.913

144 412.503 413.940 415.377 2.875 0.0912 36.633 37.607 38.621 0.926

143 415.377 416.835 418.292 2.915 0.0918 37.559 38.540 39.560 0.939

142 418.292 419.770 421.248 2.956 0.0925 38.498 39.485 40.512 0.952

141 421.248 422.747 424.246 2.998 0.0931 39.450 40.444 41.478 0.966

140 424.246 425.767 427.288 3.041 0.0938 40.416 41.417 42.457 0.980

139 427.287 428.830 430.373 3.085 0.0945 41.396 42.403 43.451 0.994

138 430.372 431.937 433.502 3.130 0.0952 42.390 43.404 44.459 1.008

137 433.502 435.090 436.678 3.176 0.0958 43.398 44.419 45.483 1.023

136 436.678 438.289 439.901 3.223 0.0966 44.421 45.450 46.521 1.038

135 439.901 441.536 443.171 3.271 0.0973 45.459 46.496 47.574 1.054

134 443.171 444.831 446.491 3.320 0.0980 46.513 47.557 48.644 1.069

133 446.491 448.176 449.861 3.370 0.0987 47.582 48.634 49.729 1.085

132 449.861 451.571 453.281 3.421 0.0995 48.667 49.728 50.831 1.102

131 453.281 455.018 456.755 3.473 0.1002 49.769 50.838 51.950 1.119

130 456.755 458.518 460.282 3.527 0.1010 50.888 51.965 53.086 1.136

129 460.282 462.073 463.864 3.582 0.1018 52.024 53.110 54.240 1.154

128 463.864 465.683 467.502 3.638 0.1026 53.178 54.273 55.412 1.172

127 467.502 469.349 471.197 3.696 0.1034 54.350 55.454 56.602 1.190

126 471.197 473.074 474.952 3.755 0.1042 55.541 56.654 57.812 1.209

125 474.952 476.859 478.766 3.815 0.1051 56.750 57.873 59.041 1.229

124 478.766 480.705 482.643 3.877 0.1059 57.979 59.111 60.289 1.249

123 482.643 484.613 486.583 3.940 0.1068 59.228 60.370 61.558 1.269

122 486.583 488.585 490.587 4.005 0.1076 60.497 61.649 62.848 1.290

121 490.587 492.623 494.659 4.071 0.1085 61.787 62.950 64.160 1.311

120 494.658 496.728 498.798 4.139 0.1094 63.098 64.272 65.493 1.333

119 498.798 500.902 503.007 4.209 0.1103 64.432 65.617 66.849 1.356

118 503.007 505.147 507.288 4.281 0.1113 65.788 66.984 68.228 1.379

117 507.288 509.465 511.642 4.354 0.1122 67.167 68.374 69.631 1.403
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116 511.642 513.857 516.072 4.430 0.1132 68.569 69.789 71.058 1.427

115 516.071 518.325 520.579 4.507 0.1142 69.996 71.228 72.510 1.452

114 520.578 522.872 525.165 4.587 0.1152 71.448 72.693 73.987 1.477

113 525.165 527.499 529.833 4.668 0.1162 72.925 74.183 75.491 1.504

112 529.833 532.209 534.585 4.752 0.1172 74.429 75.700 77.021 1.531

111 534.584 537.003 539.422 4.838 0.1183 75.960 77.244 78.580 1.558

110 539.422 541.885 544.348 4.926 0.1194 77.518 78.817 80.167 1.587

109 544.348 546.857 549.365 5.017 0.1205 79.105 80.418 81.783 1.616

108 549.365 551.920 554.475 5.110 0.1216 80.721 82.049 83.429 1.646

107 554.475 557.078 559.681 5.206 0.1227 82.367 83.710 85.106 1.677

106 559.681 562.334 564.986 5.305 0.1239 84.044 85.403 86.815 1.709

105 564.986 567.689 570.393 5.407 0.1251 85.753 87.128 88.556 1.742

104 570.392 573.148 575.903 5.511 0.1263 87.495 88.886 90.332 1.775

103 575.903 578.712 581.522 5.619 0.1275 89.270 90.678 92.141 1.810

102 581.521 584.386 587.251 5.729 0.1287 91.080 92.505 93.987 1.845

101 587.250 590.172 593.094 5.843 0.1300 92.925 94.369 95.869 1.882

100 593.093 596.074 599.054 5.961 0.1313 94.807 96.270 97.789 1.920
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@VMQ%/%m%9%G%#%9%Q!<%6$N>l9g!'

?^ 10: @VMQ%/%m%9%G%#%9%Q!<%6$rMQ$$$?>l9g$N%9%Z%/%H%k%U%)!<%^%C%H$NNc
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ORDER WAVEMIN WAVECEN WAVEMAX FSR LD CDMIN CDCEN CDMAX ORDSEP

(nm) (nm) (nm) (nm) (nm/mm) (mm) (mm) (mm) (mm)

149 398.707 400.049 401.392 2.685 0.0881 20.124 20.913 21.726 0.541

148 401.392 402.753 404.113 2.721 0.0887 20.664 21.457 22.274 0.548

147 404.113 405.492 406.872 2.758 0.0893 21.212 22.009 22.829 0.556

146 406.872 408.270 409.668 2.796 0.0899 21.768 22.568 23.393 0.563

145 409.668 411.085 412.503 2.835 0.0906 22.331 23.135 23.963 0.571

144 412.503 413.940 415.377 2.875 0.0912 22.902 23.710 24.542 0.579

143 415.377 416.835 418.292 2.915 0.0918 23.481 24.293 25.129 0.587

142 418.292 419.770 421.248 2.956 0.0925 24.068 24.884 25.725 0.595

141 421.248 422.747 424.246 2.998 0.0931 24.663 25.483 26.328 0.604

140 424.246 425.767 427.288 3.041 0.0938 25.267 26.091 26.941 0.612

139 427.287 428.830 430.373 3.085 0.0945 25.879 26.708 27.562 0.621

138 430.372 431.937 433.502 3.130 0.0952 26.501 27.334 28.193 0.630

137 433.502 435.090 436.678 3.176 0.0958 27.131 27.969 28.832 0.640

136 436.678 438.289 439.901 3.223 0.0966 27.771 28.613 29.481 0.649

135 439.901 441.536 443.171 3.271 0.0973 28.420 29.266 30.140 0.659

134 443.171 444.831 446.491 3.320 0.0980 29.078 29.930 30.808 0.669

133 446.491 448.176 449.861 3.370 0.0987 29.747 30.603 31.487 0.679

132 449.861 451.571 453.281 3.421 0.0995 30.425 31.287 32.176 0.689

131 453.281 455.018 456.755 3.473 0.1002 31.114 31.981 32.875 0.699

130 456.755 458.518 460.282 3.527 0.1010 31.814 32.686 33.586 0.710

129 460.282 462.073 463.864 3.582 0.1018 32.524 33.402 34.307 0.721

128 463.864 465.683 467.502 3.638 0.1026 33.245 34.129 35.040 0.733

127 467.502 469.349 471.197 3.696 0.1034 33.978 34.867 35.784 0.744

126 471.197 473.074 474.952 3.755 0.1042 34.722 35.617 36.540 0.756

125 474.952 476.859 478.766 3.815 0.1051 35.478 36.379 37.308 0.768

124 478.766 480.705 482.643 3.877 0.1059 36.247 37.153 38.089 0.781

123 482.643 484.613 486.583 3.940 0.1068 37.027 37.940 38.882 0.793

122 486.583 488.585 490.587 4.005 0.1076 37.821 38.740 39.689 0.806

121 490.587 492.623 494.659 4.071 0.1085 38.627 39.553 40.509 0.820

120 494.658 496.728 498.798 4.139 0.1094 39.447 40.380 41.342 0.834

119 498.798 500.902 503.007 4.209 0.1103 40.281 41.220 42.190 0.848

118 503.007 505.147 507.288 4.281 0.1113 41.128 42.075 43.052 0.862

117 507.288 509.465 511.642 4.354 0.1122 41.990 42.944 43.929 0.877

116 511.642 513.857 516.072 4.430 0.1132 42.867 43.829 44.821 0.892

115 516.071 518.325 520.579 4.507 0.1142 43.759 44.728 45.729 0.908

114 520.578 522.872 525.165 4.587 0.1152 44.667 45.644 46.652 0.924

113 525.165 527.499 529.833 4.668 0.1162 45.591 46.576 47.592 0.940

112 529.833 532.209 534.585 4.752 0.1172 46.531 47.524 48.549 0.957

111 534.584 537.003 539.422 4.838 0.1183 47.488 48.490 49.523 0.974

110 539.422 541.885 544.348 4.926 0.1194 48.462 49.473 50.515 0.992

109 544.348 546.857 549.365 5.017 0.1205 49.454 50.474 51.526 1.010
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108 549.365 551.920 554.475 5.110 0.1216 50.464 51.493 52.555 1.029

107 554.475 557.078 559.681 5.206 0.1227 51.493 52.532 53.603 1.048

106 559.681 562.334 564.986 5.305 0.1239 52.542 53.590 54.672 1.068

105 564.986 567.689 570.393 5.407 0.1251 53.610 54.668 55.760 1.089

104 570.392 573.148 575.903 5.511 0.1263 54.699 55.767 56.870 1.110

103 575.903 578.712 581.522 5.619 0.1275 55.809 56.888 58.002 1.131

102 581.521 584.386 587.251 5.729 0.1287 56.940 58.030 59.155 1.154

101 587.250 590.172 593.094 5.843 0.1300 58.094 59.195 60.332 1.177

100 593.093 596.074 599.054 5.961 0.1313 59.271 60.384 61.533 1.200

99 599.054 602.095 605.136 6.082 0.1326 60.471 61.596 62.757 1.225

98 605.135 608.239 611.342 6.207 0.1340 61.696 62.833 64.007 1.250

97 611.341 614.509 617.677 6.335 0.1354 62.945 64.096 65.283 1.276

96 617.676 620.910 624.144 6.468 0.1368 64.221 65.385 66.585 1.302

95 624.144 627.446 630.748 6.605 0.1382 65.524 66.701 67.915 1.330

94 630.748 634.121 637.494 6.746 0.1397 66.854 68.045 69.274 1.358

93 637.494 640.939 644.385 6.892 0.1412 68.212 69.418 70.662 1.388

92 644.385 647.906 651.427 7.042 0.1427 69.600 70.821 72.080 1.418

91 651.427 655.026 658.625 7.198 0.1443 71.018 72.254 73.529 1.450

90 658.625 662.304 665.984 7.359 0.1459 72.468 73.720 75.011 1.482

89 665.983 669.746 673.508 7.525 0.1475 73.950 75.218 76.527 1.515

88 673.508 677.357 681.205 7.697 0.1492 75.465 76.751 78.077 1.550

87 681.205 685.142 689.080 7.875 0.1509 77.015 78.318 79.663 1.586

86 689.079 693.109 697.139 8.059 0.1527 78.601 79.923 81.285 1.623

85 697.138 701.263 705.388 8.250 0.1545 80.224 81.564 82.947 1.661

84 705.388 709.612 713.835 8.448 0.1563 81.885 83.245 84.648 1.701

83 713.835 718.161 722.487 8.653 0.1582 83.586 84.967 86.390 1.742

82 722.487 726.919 731.352 8.865 0.1601 85.329 86.730 88.176 1.785

81 731.351 735.893 740.436 9.085 0.1621 87.114 88.538 90.005 1.829

80 740.435 745.092 749.749 9.314 0.1641 88.943 90.390 91.881 1.876

79 749.748 754.524 759.299 9.551 0.1662 90.819 92.289 93.804 1.923

78 759.298 764.197 769.096 9.797 0.1684 92.742 94.237 95.777 1.973

77 769.095 774.122 779.148 10.054 0.1705 94.715 96.235 97.801 2.024

76 779.148 784.308 789.467 10.320 0.1728 96.740 98.286 99.879 2.078

75 789.467 794.765 800.063 10.597 0.1751 98.818 100.392 102.013 2.134

74 800.062 805.505 810.948 10.885 0.1775 100.951 102.554 104.205 2.192

73 810.947 816.539 822.132 11.185 0.1799 103.143 104.776 106.458 2.252

72 822.131 827.880 833.629 11.498 0.1824 105.396 107.060 108.773 2.315

71 833.628 839.540 845.453 11.825 0.1849 107.711 109.408 111.154 2.381

70 845.451 851.534 857.616 12.165 0.1876 110.092 111.823 113.604 2.450

69 857.615 863.875 870.135 12.520 0.1903 112.542 114.308 116.125 2.521

68 870.134 876.579 883.024 12.891 0.1931 115.063 116.866 118.721 2.596

67 883.023 889.662 896.302 13.279 0.1960 117.659 119.500 121.394 2.674

66 896.300 903.142 909.984 13.684 0.1990 120.332 122.214 124.150 2.755
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65 909.982 917.036 924.091 14.108 0.2020 123.088 125.012 126.991 2.841

64 924.089 931.365 938.642 14.553 0.2052 125.929 127.897 129.921 2.930

63 938.640 946.149 953.658 15.018 0.2084 128.859 130.874 132.945 3.024

62 953.656 961.409 969.163 15.507 0.2118 131.883 133.947 136.068 3.122

61 969.160 977.170 985.180 16.019 0.2153 135.006 137.120 139.293 3.226

60 985.177 993.456 1001.735 16.558 0.2189 138.231 140.400 142.627 3.334

59 1001.733 1010.294 1018.856 17.124 0.2226 141.565 143.790 146.075 3.448

58 1018.854 1027.713 1036.573 17.719 0.2264 145.013 147.298 149.643 3.568

57 1036.570 1045.743 1054.917 18.346 0.2304 148.581 150.928 153.337 3.694

56 1054.914 1064.417 1073.921 19.007 0.2345 152.275 154.688 157.165 3.827

55 1073.918 1083.770 1093.623 19.705 0.2388 156.102 158.585 161.132 3.968

54 1093.620 1103.840 1114.061 20.441 0.2432 160.070 162.626 165.248 4.116

53 1114.057 1124.667 1135.277 21.220 0.2478 164.186 166.820 169.521 4.273

52 1135.274 1146.296 1157.318 22.044 0.2525 168.459 171.175 173.960 4.439

51 1157.313 1168.772 1180.231 22.917 0.2575 172.897 175.701 178.574 4.614
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6.2 4QB,<j=g=q$NNc

<HEADER>

OBSERVATION_PERIOD=2001- 07-2 5-19 :00 :00 - 2001-07-26-06:00:00

PROPOSALID=O1403

OBE_ID=HDS

</HEADER>

<PARAMETER_LIST>

DEF_SPEC=OBE_ID=HDS OBE_MODE=SPEC

DEF_PROTO=OBE_ID=HDS OBE_MODE=PROTO

DEF_COMMON=OBE_ID=COMMON OBE_MODE=TOOL

# Targets

TGT_CS30301_015=OBJECT=" CS30 301- 015 " RA=150625.200 DEC=+024144.00 EQUINOX=1950

TGT_CS30306_132=OBJECT=" CS30 306- 132 " RA=151151.500 DEC=+073809.00 EQUINOX=1950

</PARAMETER_LIST>

<COMMAND>

#SetupOBE

SetupOBE $DEF_SPEC Filter_1=Free Filter_2=Free

SetupOBE $DEF_SPEC SLIT_WIDTH=200 SLIT_LENGTH=2500

SetupOBE $DEF_SPEC cross_scan=StdBc

FocusAGSequence $DEF_COMMON

FocusAG $DEF_COMMON

MoveToStar $DEF_COMMON

ShowImage $DEF_PROTO

################

# Observation

## Blue with ADC

# CS30301-015

SetupField $DEF_PROTO $TGT_CS30301_015 SVRegion=200 Exptime_SV=2000 IMGROT_FLAG=0

SetupField_FINE $DEF_PROTO Slit_Length=2000 IMGROT_FLAG=0

GetObject $DEF_SPEC Exptime=1800 $TGT_CS30301_015

# CS30306-132

SetupField $DEF_PROTO $TGT_CS30306_132 SVRegion=200 Exptime_SV=2000 IMGROT_FLAG=0

SetupField_FINE $DEF_PROTO Slit_Length=2000 IMGROT_FLAG=0

GetObject $DEF_SPEC Exptime=1800 $TGT_CS30306_132



6 Jd0d 42

# Calibration #

### BIAS

GetBias $DEF_SPEC OBJECT=BIAS

GetBias $DEF_SPEC OBJECT=BIAS

GetBias $DEF_SPEC OBJECT=BIAS

#COMPARISON

SETUPCOMPARISON_HCT $DEF_PROTO OBJECT=HCT LAMP=HCT2 AMP=15.0 FILTER01=1 FILTER02=1

FILTER03=1 FILTER04=1 F_SELECT=NS_OPT

SetupOBE $DEF_SPEC SLIT_LENGTH=2000

GetComparison $DEF_SPEC OBJECT=Comparison Exptime=20.0

SHUTDOWNCOMPARISON_HCT OBE_ID=COMMON OBE_MODE=TOOL OBJECT=HCT F_SELECT=NS_OPT

### Flat

#Flat for Blue CCD1

SETUPCOMPARISON_HAL $DEF_PROTO OBJECT=HAL LAMP=HAL1 AMP=4.0 FILTER01=2 FILTER02=1

FILTER03=1 FILTER04=2 F_SELECT=NS_OPT

SetupOBE $DEF_SPEC SLIT_LENGTH=2500

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=12.0

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=12.0

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=12.0

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=12.0

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=12.0

#Flat for Blue CCD2

SETUPCOMPARISON_HAL $DEF_PROTO OBJECT=HAL LAMP=HAL1 AMP=4.0 FILTER01=1 FILTER02=1

FILTER03=2 FILTER04=2 F_SELECT=NS_OPT

SetupOBE $DEF_SPEC SLIT_LENGTH=2500

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=4.0 Display_Frame=!STATOBS. HDS. C2

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=4.0 Display_Frame=!STATOBS. HDS. C2

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=4.0 Display_Frame=!STATOBS. HDS. C2

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=4.0 Display_Frame=!STATOBS. HDS. C2

GetOBEFlat $DEF_SPEC OBJECT=Flat Exptime=4.0 Display_Frame=!STATOBS. HDS. C2

SHUTDOWNCOMPARISON_HAL OBE_ID=COMMON OBE_MODE=TOOL OBJECT=HAL F_SELECT=NS_OPT

SHUTDOWNCOMPARISON_HCTLA MP $DEF_PROTO OBJECT=HCT F_SELECT=NS_OPT

SHUTDOWNCOMPARISON_HALLA MP $DEF_PROTO OBJECT=HAL F_SELECT=NS_OPT
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6.3 FITS %X%C%@$H%"%9%-!<3HD%%F!<%V%k$NNc

Header unit

SIMPLE = T / Standard FITS format

BITPIX = 16 / Number of bits for each pixel

NAXIS = 2 / Number of axes in frame

NAXIS1 = 2148 / Number of pixels per row

NAXIS2 = 4100 / Number of rows

EXTEND = T / There is a standard extension 1 (ASCII table)

BSCALE = 1.00000 / Real = (fits pixel value)*BSCALE+BZERO

BZERO = 3.276700E+04 / Real = (fits pixel value)*BSCALE+BZERO

BUNIT = 'ADU ' / Unit of original pixel value

BLANK = -32768 / Value used for NULL pixels

DISPAXIS= 2 / Main dispersion axis in frame

CTYPE1 = 'pixel ' / Pixel coordinate system

CTYPE2 = 'pixel ' / Pixel coordinate system

CUNIT1 = 'pixel ' / Units used in both CRVAl1 and CDELT1

CUNIT2 = 'pixel ' / Units used in both CRVAL2 and CDELT2

CRPIX1 = 1 / Reference pixel in axis1

CRVAL1 = 1 / Physical value of the reference pixel

CDELT1 = 1 / Size projected into a detector pixel in axis1

CRPIX2 = 1 / Reference pixel in axis2

CRVAL2 = 1 / Physical value of the reference pixel

CDELT2 = 1 / Size projected into a detector pixel in axis2

PROJP1 = 0.0 / Projection type of the first axis

PROJP2 = 0.0 / Projection type of the second axis

PC001001= 1.00000000 / Pixel Coordinate translation matrix

PC001002= 0.00000000 / Pixel Coordinate translation matrix

PC002001= 0.00000000 / Pixel Coordinate translation matrix

PC002002= 1.00000000 / Pixel Coordinate translation matrix

BIN-FCT1= 1 / Binning factor in axis1

BIN-FCT2= 1 / Binning factor in axis2

N2XIS = 2 / Number of axes for the slit projection

N2XIS1 = 2148 / Number of pixels per row for slit spectroscopy

N2XIS2 = 4100 / Number of scan lines for slit projection

C2YPE1 = 'DEC-TAN ' / Type of projection used for #1 axis in 2nd WCS

C2PIX1 = 1024.0 / Reference pixel in X

C2VAL1 = 0.00 / Physical value of ref pix X for WCS

C2ELT1 = 0.00000 / Size projected into a detector pixel X

C2NIT1 = 'degree ' / for C2VAL1 and C2ELT1

C2YPE2 = 'WAVELENGTH' / Type of projection used for #2 axis in 2nd WCS

C2PIX2 = 2050.0 / Reference pixel in Y
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C2VAL2 = 562.30 / Physical value of ref pix Y for WCS

C2ELT2 = 0.00166 / Size projected into a detector pixel Y

C2NIT2 = 'nm ' / for C2VAL2 and C2ELT2

P2OJP1 = 0.0 / Projection type of the first axis

P2OJP2 = 0.0 / Projection type of the second axis

P2001001= 1.00000000 / Pixel coordinate translation matrix

P2001002= 0.00000000 / Pixel coordinate translation matrix

P2002001= 0.00000000 / Pixel coordinate translation matrix

P2002002= 1.00000000 / Pixel coordinate translation matrix

PRD-MIN1= 1 / Start X position of partialy read out

PRD-MIN2= 1 / Start Y position of partialy read out

PRD-RNG1= 2148 / X range of the partialy read out

PRD-RNG2= 4100 / Y range of the partialy read out

OBJECT = ' BD+28.4211 ' / Target Description

DATA-TYP= 'OBJECT ' / Characteristics of this data

RA = '21:51:12.055' / RA of the tracked pos. on the slit guide pos.

DEC = '+28:51:38.72' / Dec of the tracked pos. on the slit guide pos.

RADECSYS= 'FK5 ' / The equatorial coordinate system

EQUINOX = 2000.0 / Standard FK5 (years)

RA2000 = '21:51:12.055' / Right accention (HH.MM.SS.SSS)

DEC2000 = '+28:51:38.72' / Declination (+/-HH:MM:SS.SS)

PROP-ID = 'o99007 ' / Proposal ID

OBSERVER= ' Aoki et al. ' / Name(s) of observer(s)

OBS-MOD = 'SPEC ' / SINGLE-ORDER, MULTIPLE-ORDER

DATE-OBS= '2000-08-21' / Date of observation

EXPTIME = 150.0 / Exposure time in second

UT = '10:38:28.865' / Typical Universal Time during exposure

UT-STR = '10:37:13.575' / UTC at start of exposure

UT-END = '10:39:49.764' / UTC at end of exposure

HST = '00:38:28.865' / Typical Hawaii Standard Time during exposure

HST-STR = '00:37:13.575' / HST at start of exposure

HST-END = '00:39:49.764' / HST at end of exposure

LST = '22:16:48.821' / Typical Local SideReal Time during exposure

LST-STR = '22:15:33.324' / LST at start of exposure

LST-END = '22:18:09.941' / LSR at end of exposure

TIMESYS = 'UTC ' / Time System

MJD = 51777.44432826 / Modified Julian Day

MJD-STR = 51777.44432826 / MJD at start of exposure

MJD-END = 51777.44432826 / MJD at end of exposure

SECZ = 1.018 / typical sec(Zemith Distance) during exposure

SECZ-STR= 1.018 / secZ at start of exposure

SECZ-END= 1.018 / secZ at end of exposure

AIRMASS = 1.0180 / Typical air mass during exposure
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AIRM-STR= 1.0180 / Air mass at start of exposure

AIRM-END= 1.0180 / Air mass at end of exposure

ALTITUDE= 79.09255 / Altitude of the telescope pointing (degree)

ALT-STR = 79.09255 / Altitude at start of exposure

ALT-END = 79.09255 / Altitude at end of exposure

AZIMUTH = 327.22178 / Azimuth of the telescope pointing (degree)

AZ-STR = 327.22178 / Azimuth at start of exposure

AZ-END = 327.22178 / Azimuth at end of exposure

OBSERVAT= 'NAOJ ' / Observatory

TELESCOP= 'SUBARU ' / Telescope

OBS-ALOC= 'Observation' / Allocation mode (OBSERVATION/STAND-BY)

TELFOCUS= 'NASMYTH-OPT' / Focus where beam is reachable

FOC-POS = 'NASMYTH-OPT' / Focus where instrument attached

FOC-VAL = -0.037 / Focus position of the telescope

FOC-LEN = 104207.0 / Focal length of the telescope (mm)

F-RATIO = 12.71 / F-ratio of incident beam

INSTRUME= 'HDS ' / Name of instrument

FRAMEID = 'HDSA00001069' / Frame ID number issued by OBS

EXP-ID = 'UNKNOWN ' / Exposure ID number locally defined

DATASET = 'DS000 ' / ID of observation dataset

DISPERSR= 'echelle ' / Identifier of the disperser used

WAVELEN = 562.30 / Center wavelength of the center order (nm)

WAV-MAX = 624.63 / Maximum wavelength recorded (nm)

WAV-MIN = 502.06 / Minimum wavelength recorded (nm)

SLTCPIX1= 1064.00 / Pixel of slit center (Axis1)

SLTCPIX2= 2050.0 / Pixel of slit center (Axis2)

FILTER01= 'SQ ' / Filter wheel No.1

FILTER02= 'FREE ' / Filter wheel No.2

SLIT = 'SHORT ' / Identifier of the entrance slit used (SHORT/LON

SLT-WID = 2.000 / Slit width (mm)

SLT-LEN = 2.000 / Slit length (mm)

SLT-PA = 0.00 / Slit position angle (degree)

SLT-PSTR= 0.0 / Slit position angle at start (degree)

SLT-PEND= 0.00 / Slit position angle at end (degree)

SLT-OBJP= 0.00 / Object position on the slit (arcsec)

DET-ID = 1 / ID number of the CCD in the detector unit

DETECTOR= 'EEV ' / Detector used to take this frame

DETPXSZ1= 0.0135 / pixel size in axis1 (mm)

DETPXSZ2= 0.0135 / pixel size in axis2 (mm)

DET-A01 = 0.000 / Rotation angle of the 1st detector (degree)

DET-A02 = 0.000 / Rotation angle of the 2nd detector (degree)

GAIN = 1.70 / Readout gain

DET-TMP = 156.9 / Nominal detector temperature (Kelvin)



6 Jd0d 46

DET-TAVE= 0.0 / Average detector temperature (Kelvin)

DET-TMAX= 0.0 / Maximum detector temperature (Kelvin)

DET-TMIN= 0.0 / Minimum detector temperature (Kelvin)

DET-TSD = 0.00 / Detector temperature fluctuation (Kelvin)

WEATHER = 'Clear ' / Weather condition

SEEING = 0.400 / FWHM of the star observed with Slit Viewer (arc

NAS-TAVE= 0.00 / Average Nasmyth encl. temp. (Kelvin)

DOM-WND = 0.4 / Wind speed inside dome (m/s)

DOM-TMP = 277.55 / Atmospheric temperature inside dome (Kelvin)

DOM-HUM = 27.0 / Humidity inside dome (hPa)

DOM-PRS = 623.8 / Nominal atmospheric pressure in dome (hPa)

OUT-WND = 6.7 / Wind speed outside dome (m/s)

OUT-TMP = 277.05 / Atmospheric temperature outside dome (Kelvin)

OUT-HUM = 22.4 / Humidity outside dome (hPa)

OUT-PRS = 623.8 / Atmospheric pressure outside dome (hPa)

IMR-TYPE= 'BLUE ' / Image Rotator (BLUE, RED, NONE)

IMGROT = -39.46 / IMR position during exposure (degree)

IMR-STR = -39.46 / IMR position angle at start (degree)

IMR-END = -39.46 / IMR position angle at end (degree)

ADC-TYPE= '# ' / Atm. Disp. Compensator (BLUE,RED,NONE)

ADC = 0.00 / ADC position during exposure (degree)

ADC-STR = 0.00 / ADC position angle at start (degree)

ADC-END = 0.00 / ADC position angle at end (degree)

DAQ-VER = '1.0.0 ' / Data Aquisition System

INS-VER = 'HDS-1.00/HDS-1.00' / hardware/software version

COMMENT revised on 1 Nov. 1999 by W. Aoki

COMMENT Sample header for HDS revised on 7 July 1998 by W. Aoki

COMMENT Sample header for HDS revised on 6 May 1998 by W. Aoki

COMMENT Sample header for HDS written on 27 November 1997

COMMENT by H.Izumiura, S. Kawanomoto, W. Aoki.

COMMENT Keywords specific to HDS

COMMENT

COMMENT /SLIT

H_S-INCL= 0.00 / Slit inclination angle wrt the horizontal plane

COMMENT /Detector

H_D-UNIT= '1 ' / ID number of the detector unit

H_D-OTHR= 'YES ' / Use of the other CCD in this mosaic

COMMENT /SHUTTERS

H_SHUTTR= 'OPEN ' / Entrance shutter (OPEN, CLOSE)

H_HARTMN= 'ALL-OPEN' / Hartmann shutter (U-OPEN,L-OPEN,ALL-OPEN,AL L-C L

COMMENT /COLLIMATOR MIRROR

H_COLLIM= 'RED ' / Collimator (BLUE, RED)

H_CLPSTN= 0.00 / Collimator position (mm)
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H_CLFOCL= 3396.51 / Collimator focal length (mm)

COMMENT /ECHELLE GRATING

H_ECONST= 31.60 / Ruling pitch (grooves/mm)

H_EBLAZE= 70.30 / Blaze Angle (degree)

H_EEPSRN= 6.00 / Offset Angle of the Incident Beam (degree)

H_EGAMMA= 0.00 / (degree)

H_EROTAN= 0.40070 / Echelle Rotation Angle (degree)

COMMENT /CROSS DISPERSER GRATING

H_CROSSD= 'RED ' / Cross Disperser (BLUE, RED, MIRROR, NIR)

H_CCONST= 250.000 / Ruling pitch (grooves/mm)

H_CBLAZE= 5.000 / Blaze Angle (degree)

H_CEPSRN= 0.00 / Offset Angle at Blaze Wavelengths (degree)

H_CGAMMA= 45.00 / (degree)

H_CROTAN= 3.95679 / Cross Disperser Rotation Angle (degree)

COMMENT /CAMERA

H_CMRFL = 770.85 / Camera focal length (mm)

COMMENT /Detector Focusinig Unit

H_FOCUS = 0.64999 / Focusing unit position (mm)

H_PITCH = -0.00000 / Focusing unit pitching angle (degree)

H_YAWING= -0.00000 / Focusing unit yawing angle (degree)

H_DETROT= -0.99986 / Rotation angle of the detector unit (degree)

COMMENT /I2Cell and Light Monitor

H_I2CELL= 'NOUSE ' / I2 Cell Mode (USE/NOUSE)

H_LM = 'NOUSE '

H_I2TEMP= 0.0

H_LMINTG= 0.0

H_I2POS = 'UNKNOWN '

H_LMPOS = 'UNKNOWN '

H_ETMP1 = 2.4 / Nasmyth Temperature 1 (Kelvin)

H_ETMP2 = 2.3 / Nasmyth Temperature 2 (Kelvin)

H_SUPER = 'NONE ' / Super Resolution Mode (POS1, POS2, NONE)

COMMENT /Auto Guider (offset guider)

H_AG-OBJ= ' '

H_AG-ORA= ' ' / RA of the guide object

H_AG-ODE= ' ' / Dec of the guide object

H_AG-RA = ' ' / RA of the tracked pos. on the slit guide pos.

H_AG-DEC= ' ' / Dec of the tracked pos. on the slit guide pos.

H_GAIN1 = 1.628 / Readout gain of left (smaller X) side of CCD

H_GAIN2 = 1.615 / Readout gain of right (larger X) side of CCD

H_OSMIN1= 1025 / Start of overscan region for AXIS1

H_OSMAX1= 1124 / End of overscan region for AXIS1

H_OSMIN2= 1 / Start of overscan region for AXIS2

H_OSMAX2= 4100 / End of overscan region for AXIS2
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HISTORY File modified by user 'hdsuser' with fv on 2000-07-11T04:42:41

END

Header unit of ASCI I extension table

XTENSION= 'TABLE ' / ASCII table extension

BITPIX = 8 / 8-bit ASCII characters

NAXIS = 2 / 2-dimensional ASCII table

NAXIS1 = 72 / width of table in characters

NAXIS2 = 23 / number of rows in table

PCOUNT = 0 / no group parameters (required keyword)

GCOUNT = 1 / one data group (required keyword)

TFIELDS = 12 / number of fields in each row

TTYPE1 = 'ORDER ' / label for field 1

TBCOL1 = 1 / beginning column of field 1

TFORM1 = 'I3 ' / Fortran-77 format of field

TUNIT1 = ' ' / physical unit of field

TTYPE2 = 'X-MIN ' / label for field 2

TBCOL2 = 5 / beginning column of field 2

TFORM2 = 'I4 ' / Fortran-77 format of field

TUNIT2 = 'PIXEL ' / physical unit of field

TTYPE3 = 'Y-MIN ' / label for field 3

TBCOL3 = 10 / beginning column of field 3

TFORM3 = 'I4 ' / Fortran-77 format of field

TUNIT3 = 'PIXEL ' / physical unit of field

TTYPE4 = 'WL-MIN ' / label for field 4

TBCOL4 = 15 / beginning column of field 4

TFORM4 = 'F8.3 ' / Fortran-77 format of field

TUNIT4 = 'nm ' / physical unit of field

TTYPE5 = 'X-CEN ' / label for field 5

TBCOL5 = 24 / beginning column of field 5

TFORM5 = 'I4 ' / Fortran-77 format of field

TUNIT5 = 'PIXEL ' / physical unit of field

TTYPE6 = 'Y-CEN ' / label for field 6

TBCOL6 = 29 / beginning column of field 6

TFORM6 = 'I4 ' / Fortran-77 format of field

TUNIT6 = 'PIXEL ' / physical unit of field

TTYPE7 = 'WL-CEN ' / label for field 7

TBCOL7 = 34 / beginning column of field 7

TFORM7 = 'F8.3 ' / Fortran-77 format of field

TUNIT7 = 'nm ' / physical unit of field
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TTYPE8 = 'X-MAX ' / label for field 8

TBCOL8 = 43 / beginning column of field 8

TFORM8 = 'I4 ' / Fortran-77 format of field

TUNIT8 = 'PIXEL ' / physical unit of field

TTYPE9 = 'Y-MAX ' / label for field 9

TBCOL9 = 48 / beginning column of field 9

TFORM9 = 'I4 ' / Fortran-77 format of field

TUNIT9 = 'PIXEL ' / physical unit of field

TTYPE10 = 'WL-MAX ' / label for field 10

TBCOL10 = 53 / beginning column of field 10

TFORM10 = 'F8.3 ' / Fortran-77 format of field

TUNIT10 = 'nm ' / physical unit of field

TTYPE11 = 'SLIT INCLINATION' / label for field 11

TBCOL11 = 62 / beginning column of field 11

TFORM11 = 'F5.3 ' / Fortran-77 format of field

TUNIT11 = 'degree ' / physical unit of field

TTYPE12 = 'DISPERSION' / label for field 12

TBCOL12 = 68 / beginning column of field 12

TFORM12 = 'F5.3 ' / Fortran-77 format of field

TUNIT12 = 'nm/PIXEL' / physical unit of field

EXTNAME = 'HDS_ASCII' / name of this ASCII table extension

END

Data unit of ASCI I extension table

ORDER X-MIN Y-MIN WL-MIN X-CEN Y-CEN WL-CEN X-MAX Y-MAX WL-MAX SLIT INCLINATION DISPERSION

I3 I4 I4 F8.3 I4 I4 F8.3 I4 I4 F8.3 F5.3 F5.3

PIXEL PIXEL nm PIXEL PIXEL nm PIXEL PIXEL nm degree nm/PIXEL

96 70 4096 617.121 176 2048 620.876 281 1 624.630 0.000 0.002

97 168 4096 610.759 273 2048 614.475 378 1 618.191 0.000 0.002

98 263 4096 604.527 368 2048 608.205 472 1 611.883 0.000 0.002

99 357 4096 598.421 461 2048 602.061 565 1 605.702 0.000 0.002

100 449 4096 592.437 552 2048 596.041 656 1 599.645 0.000 0.002

101 539 4096 586.571 642 2048 590.139 745 1 593.708 0.000 0.002

102 627 4096 580.820 730 2048 584.354 832 1 587.887 0.000 0.002

103 714 4096 575.181 816 2048 578.680 917 1 582.180 0.000 0.002

104 799 4096 569.651 900 2048 573.116 1001 1 576.582 0.000 0.002

105 882 4096 564.225 983 2048 567.658 1084 1 571.091 0.000 0.002

106 964 4096 558.902 1064 2048 562.303 1164 1 565.703 0.000 0.002

107 1144 4096 553.679 1244 2048 557.047 1344 1 560.416 0.000 0.002

108 1223 4096 548.552 1322 2048 551.890 1421 1 555.227 0.000 0.002

109 1300 4096 543.520 1399 2048 546.826 1498 1 550.133 0.000 0.002

110 1376 4096 538.579 1474 2048 541.855 1573 1 545.132 0.000 0.002

111 1450 4096 533.727 1548 2048 536.974 1646 1 540.221 0.000 0.002

112 1524 4096 528.961 1621 2048 532.179 1718 1 535.397 0.000 0.002

113 1595 4096 524.280 1692 2048 527.470 1789 1 530.659 0.000 0.002

114 1666 4096 519.681 1763 2048 522.843 1859 1 526.004 0.000 0.002

115 1735 4096 515.162 1832 2048 518.296 1928 1 521.430 0.000 0.002

116 1804 4096 510.721 1899 2048 513.828 1995 1 516.935 0.000 0.002

117 1871 4096 506.356 1966 2048 509.437 2061 1 512.517 0.000 0.002

118 1937 4096 502.065 2031 2048 505.119 2126 1 508.174 0.000 0.001


