Ann u. Rep. Nishi-Harima Astron. Obs. 8, 1{17 (1998) @> $O $j $^ CCD %7 %9 %F %‘ $N I> 2A $H %U %# %k %? !< 7O $N 9; @5 | ;6 3+ @1 CD $N B, 8w 4Q B, $r 85 $K @n 8} H~ 5* 1 !" DT K\ <w B@ 1 !" Ln ED ?. G7 1 !" LD Bt ?? Li 2 !" ;3 2, 6Q 1 1) 6e =# Bg 3X M} 3X It 2) J< 8K 8) N) @> $O $j $^ E7 J8 Bf Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters | Through Observ ation of Tw o Op en Clusters Miki Ka w a guchi 1 , Juta Tsujimoto 1 , Nobuyuki Nod a 1 , Shin-ya Narusa w a 2 , and Hitoshi Y ama oka 1 1) F aculity of Scienc e, Kyushu Univer city, 4{2{1, R opp onmatsu, Chuo{ku, F ukuoka 810{8560, Jap an 2) Nishi{Harima Astr onomic al Observatory, Sayo{cho, Hyo go, 679-5313, Jap an E-mail: yamaoka@r c.kyushu-u.ac.jp (Received 1998, July 7) Abstract W e hav e examined the Nishi-Harima CCD system b y monitoring the change of temp erature, c hec king the linearity , and observing tw o op en clusters, NGC7790 and M67. The CCD co oling with liquid N is �ne, and linearit y is go o d up to 30,000 counts. Multi-color photometry shows go o d conv ergences in V and R c , but some divergences in B and I c . After that, color{color diagrams and color{magnitude diagrams for tw o clusters are obtained. Key words: CCD System { op en clusters(indivisual): NGC7790, M67 { Photometry 1. $O $8 $a $K @> $O $j $^ E7 J8 Bf $N 4Q B, %7 %9 %F %‘ $O !" 1997 G/ 2F $K Nd 5Q CCD %+ %a %i $N =$ M} $, 40 N; $7 !" F1 ;~ $K $= $l $K MQ $$ $k B? GH D9 B, 8w MQ $N %U %# %k %? !< $b 8r 49 $5 $l $? !# $3 $l $K H< $$ !" %7 %9 %F %‘ $N Nd 5Q ;~ 4V $d 29 EY JQ 2= $K BP $9 $k 0B Dj @- $d B? ?’ B, 8w %7 %9 %F %‘ $N I8 =‘ 7O $X $N 3S @5 Ey $K $D $$ $F !" :F EY D4 :: $9 $k I, MW $, $" $C $? !# $3 $N O@ J8 $G $O !" CCD %+ %a %i $N @- <A $K $D $$ $F $N I> 2A $H !" 2 $D $N @1 CD $N 4Q B, $N 7k 2L $r Js 9p $9 $k !# {1{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a Fig. 1. T emp erature change among co oling-down of CCD. 2. CCD %+ %a %i $N Nd 5Q @- G= 2-1. %G !< %? $N <} =8 :# 2s ;H MQ $7 $? Nd 5Q CCD %+ %a %i $O !" AstroCam 3200 $G $" $j !" UV %3 !< %F %# %s %0 $, $[ $I $3 $5 $l $F $$ $k !# 4Q B, %7 %9 %F %‘ $r 9= @. $9 $k 5! 4o $N $& $A !" Nd 5Q CCD %+ %a %i $K $D $$ $F $O !" ;H MQ $N :] $N %+ %a %i Fb It $N 29 EY $d J] Nd ;~ 4V $, !" <h F@ %G !< %? $N 2r A| EY $d %+ %a %i $N ;H MQ 8B 3& ;~ 4V $K 1F 6A $9 $k !# $h $C $F !" CCD %+ %a %i $N Nd 5Q @- G= $r D4 $Y $k ;v $O !" 4Q B, %7 %9 %F %‘ $N G= NO $N J, @O $K BP $7 Bg JQ =E MW $G $" $k !# Nd 5Q Cf $N %G !< %? $N <} =8 $O !" 1997 G/ 12 7n 2 F| $K <! $N J} K! $G 9T $C $? !# CCD %+ %a %i $N Nd 5Q 3+ ;O $+ $i Ls 3 J, $r 1 %5 %$ %/ %k $H $7 $F !" $3 $N 4V $K %+ %a %i $N Fb It 2 %v =j $H 1U BN Cb AG $r F~ $l $k Nd 5Q %7 %s %/ $N 29 EY B, Dj (CCDTEMP1/2 !" SINKTEMP $H 8F $V ;v $K $9 $k ) $H !" %3 %s %T %e !< %? !< $N FI $_ =P $7 %N %$ %: $r B, $k %P %$ %" %9 ( O* =P 0 IC ) !" %+ %a %i $N O* =P ;~ $N %N %$ %: $r B, $k %@ !< %/ ( O* =P 10 IC ) N> %U %l !< %‘ $N ;# 1F $r 1 Kg $: $D 9T $C $? !# 29 EY $, 0B Dj $7 $F $- $? Ls 110 J, 8e 0J 9_ $O !" Ls 15 J, $4 $H $K B, Dj $H ;# 1F $r 9T $& $h $& $K @Z $j JQ $( $? !# Am 7W $G 178 J, 4V $K 37 %5 %$ %/ %k 9T $$ !" $= $N Fb %P %$ %" %9 $O 36 Kg !" %@ !< %/ $O 35 Kg $N 2h A| %G !< %? $r F@ $? !# 2-2. Nd 5Q Cf $N CCD %+ %a %i Fb $N 29 EY JQ 2= 29 EY JQ 2= $N MM ;R $r ?^ 1 $K <( $9 !# {2{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters $^ $: !" SINKTEMP $, Nd 5Q 3+ ;O Ls 10 J, 8e $K $O << 29 ( Ls 280K) $+ $i 85K A0 8e $K 2< $, $j !" $= $N 8e $O B, Dj =* N; ;~ $^ $G 0B Dj $@ $C $? !# CCD Fb It $N J} $O !" 3+ ;O ;~ $N << 29 $+ $i 90 J, $[ $I $G CCDTEMP1 $, Ls 135K !" CCDTEMP2 $, Ls 140K $K $J $j !" $= $N :" $+ $i Hy 8: $7 B3 $1 $F !" 150 J, 8e $K $O CCDTEMP1 $, 129K Dx EY !" CCDTEMP2 $, 132K Dx EY $K $J $C $? !# %+ %a %i %7 %9 %F %‘ $N F3 F~ D> 8e $K B, Dj $5 $l $? 29 EY JQ 2= $N %0 %i %U (Okyudo et al. ,1991) $H Hf 3S $9 $k $H !" $^ $: SINKTEMP $N Nd 5Q 0B Dj $^ $G $N ;~ 4V $, !" F3 F~ D> 8e $O Ls 40 J, $G $" $C $? $, !" Ls 10 J, $K $^ $G C; $/ $J $C $F $$ $k !# $3 $l $O !" F3 F~ D> 8e $N B, Dj $G $O %G %e %o !< $, %G %b MQ $G $" $C $? $N $G !" F~ $l $? 1U BN Cb AG $N NL $, >/ $J $+ $C $? ;v $, Bg $- $J MW 0x $G $" $k $H ;W $o $l $k !# $^ $? !" CCDTEMP1 $N 0B Dj 29 EY $, F3 F~ D> 8e $N B, Dj ;~ (144 !A 145K) $h $j 10K 0J >e Dc 2< $7 $F $$ $k !# :# 2s $N B, Dj =* N; ;~ $K $O !" 29 EY $O 0B Dj 4| $K $5 $7 $+ $+ $C $? =j $G $" $j !" 0B Dj 29 EY $O $h $j Dc $$ $H 9M $( $i $l $k !# $3 $l $O !" %G %e %o !< $N ?? 6u EY $N 8~ >e $J $I 5! 4o $N @- G= $N 8~ >e $K $h $k $b $N $H $_ $i $l $k !# 0B Dj $^ $G $N ;~ 4V $O !" F3 F~ D> 8e $H $[ $\ F1 $8 $G $" $k !# CCDTEMP2 $K $D $$ $F $O !" F3 F~ D> 8e $N %G !< %? $, $J $/ Hf 3S $O $G $- $J $+ $C $? $, !" CCDTEMP1/2 4V $N 29 EY :9 $O >. $5 $/ !" %+ %a %i Fb It $N 29 EY $O It =j $K $h $i $: $[ $\ 0l Dj $G $" $k ;v $, $o $+ $C $? !# 2-3. %P %$ %" %9 %U %l !< %‘ $H %@ !< %/ %U %l !< %‘ $N Hf 3S 29 EY B, Dj $H J? 9T $7 $F =8 $a $? %P %$ %" %9 $H %@ !< %/ $N %U %l !< %‘ $N 2h A| %G !< %? $O !" 3F !9 $N %U %l !< %‘ $K BP $7 $F !" A4 %T %/ %; %k $G $N %+ %& %s %H $N J? 6Q ( ;; =Q J? 6Q ) $r 7W ;; $7 $F !" $= $N 2 $D $N J? 6Q CM $N ;~ 4V JQ 2= !" 5Z $S F1 %5 %$ %/ %k Fb $G $N 2 $D $N J? 6Q $N :9 $N 7P 2a $r 8+ $? !# %P %$ %" %9 $H %@ !< %/ $N J? 6Q $O !" Nd 5Q 3+ ;O D> 8e $K $O %+ %& %s %H $N CM $, Hs >o $K Bg $- $/ IT 0B Dj $G $" $C $? $, !" CCDTEMP1/2 $, $^ $@ Dc 2< Cf $N Ls 10 J, 8e $+ $i $O � 5 %+ %& %s %H Dx EY $N MI $i $. $7 $+ $J $/ Hs >o $K 0B Dj $7 $F $$ $? !# $^ $? !" 2 $D $N J? 6Q $N :9 $O !" 10 J, 8e $+ $i $O � 2 %+ %& %s %H 0J Fb $K <} $^ $C $F $$ $? !# $7 $+ $7 !" 2 $D $N %U %l !< %‘ $N J? 6Q $N CM $O !" 110 J, 0J A0 $G $O 2225 %+ %& %s %H A0 8e $G $" $C $? $, !" 130 J, 0J 9_ $G $O 1100 %+ %& %s %H <e $K JQ 2= $7 $F $$ $? !# N> J} $N ;~ 4V BS $N $= $l $> $l $G J? 6Q CM $O 0B Dj $7 $F $$ $? $N $G !" $* $= $i $/ $O CCD %+ %a %i Fb It !" $^ $? $O $= $N <~ JU 5! 4o $N %N %$ %: $, F~ $C $F $$ $? $? $a $K !" ;# 1F A0 H> $G $O ?? $N %P %$ %" %9 $d %@ !< %/ $N %G !< %? $, F@ $i $l $F $* $i $: !" ES Cf $G $N A‘ :n $J $I $K $h $C $F %N %$ %: $, $J $/ $J $C $? $? $a $K 130 J, 0J 9_ $O N> J} $N %G !< %? $H $b ?? $N CM $, F@ $i $l $k $h $& $K $J $C $? $b $N $H ;W $o $l $k !# $3 $l $i $N CM $+ $i !" N> <T $N :9 $, Hs >o $K >. $5 $/ !" %@ !< %/ %U %l !< %‘ $r 4Q B, ;~ $K <h F@ $9 $k I, MW @- $O $J $$ ;v $, J, $+ $k $, !" 0B Dj @- $J $I $N 5D O@ $r 9T $& $K $O :F B, Dj $N I, MW $, $" $k $@ $m $& !# $J $* !" Okyudo et al. (1991) $N B, Dj $G $O !" %G %e %o !< Fb $N 1U BN Cb AG $N 8: >/ $K $D $l $F !" CCDTEMP1 $, $" $k Dx EY >e >: $9 $k $H !" 2h A| <h F@ %7 %9 %F %‘ $, K= Av $7 $? ;v $, Js 9p $5 $l $F $$ $k !# 29 EY $, 9b $$ >u BV $G $N %G !< %? $N <h F@ $O IT 0B Dj $G ?. Mj $, CV $- $K $/ $$ $H $b 9M $( $i $l $k !# 3. %+ %& %s %H $N @~ 7A @- ( M- 8z 8B 3& ) CCD %+ %a %i $N %+ %& %s %H $H 8w NL $N @~ 7A @- $r D4 $Y $k $? $a !" 1997 G/ 11 7n 19 F| $K Gr G. EE Et $G K> 1s 6@ $r J$ $& %I !< %‘ $r >H $i $7 !" $5 $^ $6 $^ $J O* 8w ;~ 4V $G ;# 1F $r 9T $C $? !# $J $* !" %U %# %k %? !< $O V %P %s %I $r MQ $$ !" K> 1s 6@ $N DI Hx $O Dd ;_ $7 $? >u BV $G %G !< %? $N <h F@ $r 9T $C $? !# {3{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a Fig. 2. The chec k of linearity . 7k 2L $r ?^ 2 $K <( $9 !# $3 $N ?^ $N =D <4 $O J? 6Q $N %+ %& %s %H ?t ( %P %$ %" %9 $O =| 5n :Q $_ ) $N >o MQ BP ?t !" 2# <4 $O O* =P ;~ 4V ( IC ) $N >o MQ BP ?t $G $" $k !# ?^ $K <( $7 $? O* =P ;~ 4V $O !" :G =i $N 2 IC 4V $+ $i 2 IC $* $- $K A} 2C $5 $; $? !" 46 IC 4V $^ $G $N 23 DL $j $N %G !< %? $G !" $3 $l 0J >e $N O* =P ;~ 4V $G $O K0 OB $7 $? %T %/ %; %k $, =P 8= $7 $? !# $= $N 7k 2L !" 30000 %+ %& %s %H IU 6a $^ $G $O @~ 7A @- $r J] $C $F $* $j !" $= $l $h $j $b %+ %& %s %H ?t $, Bg $- $$ >l 9g !" $d $d e�ciency $, 2< $, $k 79 8~ $K $" $k ;v $, J, $+ $C $? !# 4Q B, $K $* $$ $F $O !" %T !< %/ $N %+ %& %s %H ?t $, 20000 0J 2< $K $J $k ;v $r L\ I8 $K O* =P ;~ 4V $r 7h $a $k $N $, E, Ev $G $" $k $H 9M $( $i $l $k !# 4. B? ?’ B, 8w $K $h $k %U %# %k %? !< B, 8w 7O $N 9; @5 4-1. 4Q B, $N J} K! ;6 3+ @1 CD $N B? ?’ B, 8w $r 9T $$ !" 2a 5n $N 4Q B, $H Hf 3S $9 $k ;v $G !" $o $l $o $l $N B, 8w 7O $N I> 2A 5Z $S I8 =‘ 7O $X $N 9; @5 $r 9T $& ;v $, $G $- $k !# $3 $l $^ $G F1 MM $N 4Q B, $r $3 $N E7 J8 Bf $G $b 9T $C $F $- $? (Nak ano et al. ,1995 !" T anabe et al. ,1996) $, !" %+ %a %i $N =$ M} 5Z $S %U %# %k %? !< 8r 49 $, 9T $o $l $? $? $a !" ?7 $? $K 4Q B, $r 9T $& ;v $, I, MW $H $J $C $F $$ $k !# $= $3 $G :# 2s !" 1997 G/ 12 7n 2 !A 3 F| $K NGC7790 $N !" 1997 G/ 12 7n 4 !A 5 F| $K M67 $N B? ?’ ;# A| 4Q B, $r 9T $C $? !# %U %# %k %? !< $O !" Bessell (1990) $, @D 46 EY $N NI $$ CCD MQ $H $7 $F ?d >) $7 $F $$ $k 0J 2< $N $b $N $r ;H MQ $7 $F $$ $k !# {4{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters B GG385(2mm)+BG12(1mm)+BG39(2mm) V GG495(2mm)+BG39(3mm) Rc OG570(2mm)+K G3(3mm) Ic R G9(3mm)+W G305(2mm) 3F !9 $N 4Q B, $K BP $7 $F I= 1 $N $h $& $J 2h A| %G !< %? $r F@ $? !# T able 1. Data frames obtained during our observ ation. (left:NGC7790, right:M67) NGC7790 M67 frame �lter exp osure time(s) total frame �lter exp osure time(s) total bias (V) 0 5 bias (I c ) 0 3 ob ject B 180 3 ob ject I c 30 4 ob ject V 180 3 ob ject R c 60 4 ob ject R c 180 3 ob ject V 60 4 ob ject I c 180 3 ob ject B 180 4 bias (I c ) 0 3 bias (B) 0 4 dome at B 10 3 dome at I c 1 3 dome at V 1 3 dome at R c 2 3 dome at R c 1 3 dome at V 10 3 dome at I c 1 3 dome at B 20 3 bias (I c ) 0 3 bias (B) 0 3 ob ject B 180 4 bias (B) 0 3 4-2. I8 =‘ 7O %7 %9 %F %‘ $X $N JQ 49 (1) 3F @1 CD $N 4Q B, $7 $? ;k Ln Fb $N @1 $N Fb $N ?t 8D $r !V I8 =‘ @1 !W $H $7 $F A* $S !" $= $l $i $N I8 =‘ Ey 5i $r 2a 5n $N 4Q B, $G Js 9p $5 $l $? $b $N $+ $i !" =& $$ =P $7 $? $b $N $r I= 2 !" 3 $K <( $9 !# $J $* !" NGC7790 $O Christian et al. (1985) $K !" M67 $O An upama et al. (1994) $K H/ I= $5 $l $? %G !< %? $r MQ $$ $k !# B, 8w $G 5a $a $? 5! 3# Ey 5i $r I8 =‘ Ey 5i $K JQ 49 $9 $k <0 $r ;; =P $9 $k ;v $G !" 8= :_ $N @> $O $j $^ E7 J8 Bf $N 4Q B, 7O $N I> 2A $r 9T $& !# $J $* !" J8 Cf $G $O 3F !9 $N %U %# %k %? !< JL $K !" I8 =‘ Ey 5i $r Bg J8 ;z $G !" 5! 3# Ey 5i $r >. J8 ;z $G I= $9 !# 5! 3# Ey 5i $r 5a $a $k B, 8w $O IRAF $r MQ $$ $? !# @1 A| $N $" $k %* %V %8 %’ %/ %H %U %l !< %‘ $K %P %$ %" %9 !" 1’ Ch @~ $J $I $N =| 5n !" %U %i %C %H $N =h M} !" J# ?t 2h A| $N =E $M 9g $o $; $r 9T $C $? 8e !" DA OPHOT %Q %C %1 !< %8 $r MQ $$ $F @1 A| $N 7A $r <( $9 4X ?t PSF $r 7W ;; $7 !" F1 %U %l !< %‘ >e $G E, 1~ $7 $? B> $N @1 A| $N 5! 3# Ey 5i $r 5a $a $k !" $H $$ $& J} K! $G 9T $C $? !# JQ 49 <0 $r 5a $a $k $K $" $? $j !" 5! 3# Ey 5i $H I8 =‘ Ey 5i $N 4V $K !" 0J 2< $N 0l <! <0 $, @. N) $9 $k $H 2> Dj $7 $? !# {5{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a T able 2. Magnitudes and color indices of NGC7790’s standard stars (Christian et al. ,1985). No. V I c B � V V � R c R c � I c 9 15.414 14.440 1.658 0.974 0.953 10 16.027 15.156 0.718 0.410 0.461 16 15.330 14.559 0.617 0.359 0.412 17 16.017 15.312 0.553 0.323 0.382 20 15.773 14.647 0.997 0.563 0.563 21 15.977 15.029 0.711 0.440 0.503 25 15.444 14.540 0.681 0.436 0.460 100 14.391 13.824 0.443 0.252 0.314 K 13.212 11.607 1.500 0.826 0.778 S 14.252 13.507 0.544 0.342 0.398 v � V = � 1 ( B � V ) + � 1 (1) v � V = � 1 0 ( V � R c ) + � 1 0 (1 0 ) i � I c = � 2 ( R c � I c ) + � 2 (2) b � v = � 3 ( B � V ) + � 3 (3) v � r = � 4 ( V � R c ) + � 4 (4) r � i = � 5 ( R c � I c ) + � 5 (5) 3F <0 $N � $O !" B, 8w $N 4p =‘ $N A* $S J} $K $h $C $F 7h $^ $k %* %U %; %C %H $G $" $k !# $= $N $? $a !" CM <+ BN $O %7 %9 %F %‘ $N I> 2A $K $O 4X M? $7 $J $$ $, !" 3N N( 8m :9 $N Bg $- $5 $, >. $5 $$ $[ $I I8 =‘ 7O $H 4Q B, 7O $N :9 $, >. $5 $$ ;v $K $J $k !# � $K $D $$ $F $O !" 4Q B, %7 %9 %F %‘ $, I8 =‘ 7O $H 0l CW $9 $k $J $i $P !" � 1 ; � 1 0 ; � 2 = 0 !" � 3 ; � 4 ; � 5 = 1 $H $J $k ;v $, 4| BT $5 $l $k !# O@ J8 $K 7G :\ $5 $l $F $$ $k Ey 5i $H ?’ ;X ?t $N AH $_ 9g $o $; $K BP 1~ $7 $F !" NGC7790 $O (1) !A (5) !" (1 0 ) $N 6 $D !" M67 $O (2) $r =| $/ 5 $D $N <0 $K $D $$ $F !" :G >. Fs >h K! $r MQ $$ $F � $H � $N 7W ;; $r 9T $& !# $= $N 7k 2L $r I= 4 $K <( $9 !# 4-3. I8 =‘ %7 %9 %F %‘ $X $N JQ 49 (2) $3 $l $^ $G $K $^ $@ Ey 5i $, CN $i $l $F $$ $J $$ @1 $N I8 =‘ Ey 5i $r F@ $k $? $a $K $O !" 4Q B, $G F@ $? 5! 3# Ey 5i $N $_ $+ $i I8 =‘ Ey 5i $r 5a $a $k JQ 49 <0 $r :n @. $9 $k I, MW $, $" $k !# 4-2 @a $H F1 MM $K !" I8 =‘ Ey 5i $H 5! 3# Ey 5i $N 4X 78 $K $D $$ $F !" 0J 2< $N $h $& $J 0l <! <0 $r 2> Dj $9 $k !# {6{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters T able 3. Magnitudes and color indices of M67’s standard stars (Anupama et al. ,1994). No. V B � V V � R c R c � I c 6 9.995 {0.145 {0.038 {0.030 9 15.118 0.771 0.431 0.421 10 15.267 0.778 0.387 0.430 11 15.716 0.862 0.506 0.404 12 11.039 0.380 0.231 0.259 14 12.803 0.568 0.330 0.300 15 13.446 0.572 0.334 0.338 17 12.415 0.732 0.421 0.388 18 14.167 0.760 0.396 0.386 19 15.341 0.816 0.519 0.554 22 13.941 0.591 0.353 0.327 23 13.066 0.580 0.324 0.318 24 12.743 0.557 0.344 0.324 25 15.774 1.086 0.575 0.561 26 16.620 0.708 0.680 27 12.636 0.810 0.466 0.440 28 13.155 0.575 0.333 0.334 29 13.106 0.587 0.361 0.342 30 15.837 0.969 0.591 0.587 31 12.123 0.457 0.280 0.272 32 12.759 0.565 0.327 0.315 33 13.191 0.579 0.344 0.324 34 12.892 0.457 0.278 0.265 35 12.250 0.573 0.341 0.329 36 11.424 1.058 0.557 0.508 37 13.194 0.591 0.432 0.323 {7{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a T able 4. The co e�cients of conv ersion equations with standard magnitudes (left:NGC7790, righ t:M67). NGC7790 M67 � � � � v � V ( B � V )(1) � 0 : 061 � 0 : 057 +1 : 019 � 0 : 053 � 0 : 046 � 0 : 033 +1 : 206 � 0 : 023 v � V ( V � R c )(1 0 ) � 0 : 101 � 0 : 054 +1 : 017 � 0 : 029 � 0 : 098 � 0 : 063 +1 : 214 � 0 : 025 i � I c ( R c � I c )(2) � 0 : 051 � 0 : 107 +0 : 210 � 0 : 059 b � v ( B � V )(3) 0 : 827 � 0 : 061 +1 : 251 � 0 : 057 0 : 888 � 0 : 092 � 0 : 551 � 0 : 063 v � r ( V � R c )(4) 0 : 854 � 0 : 048 +0 : 839 � 0 : 026 0 : 927 � 0 : 062 � 0 : 259 � 0 : 024 r � i ( R c � I c )(5) 1 : 103 � 0 : 043 � 0 : 032 � 0 : 024 0 : 990 � 0 : 031 � 0 : 200 � 0 : 012 v � V = � 6 ( b � v ) + � 6 (6) v � V = � 6 0 ( v � r ) + � 6 0 (6 0 ) i � I c = � 7 ( r � i ) + � 7 (7) B � V = � 8 ( b � v ) + � 8 (8) V � R c = � 9 ( v � r ) + � 9 (9) R c � I c = � 10 ( r � i ) + � 10 (10) 4-2. @a $H F1 MM !" 3F <0 $N � $O !" %* %U %; %C %H $G $" $k !# $5 $i $K !" � $K $D $$ $F $O !" 4Q B, %7 %9 %F %‘ $, I8 =‘ 7O $H 0l CW $9 $k $J $i $P !" � 6 ; � 6 0 ; � 7 = 0 !" � 8 ; � 9 ; � 10 = 1 $G $" $k ;v $, 4| BT $5 $l $k !# NGC7790 $O (6) !A (10) !" (6 0 ) $N 6 $D !" M67 $O (7) $r =| $/ 5 $D $N <0 $K $D $$ $F !" :G >. Fs >h K! $r MQ $$ $F � $H � $N 7W ;; $r 9T $& !# $= $N 7k 2L $r I= 5 $K <( $9 !# T able 5. The co e�cients of conv ersion equations with instrumental magnitudes (left:NGC7790, righ t:M67). NGC7790 M67 � � � � V ( b � v )(6) � 0 : 082 � 0 : 034 +1 : 128 � 0 : 066 � 0 : 076 � 0 : 032 +1 : 180 � 0 : 008 V ( v � r )(6 0 ) � 0 : 114 � 0 : 081 +1 : 111 � 0 : 103 � 0 : 029 � 0 : 068 +1 : 179 � 0 : 010 I c ( r � i )(7) � 0 : 066 � 0 : 095 +0 : 219 � 0 : 055 B � V ( b � v )(8) 1 : 165 � 0 : 086 � 1 : 427 � 0 : 170 0 : 910 � 0 : 095 +0 : 624 � 0 : 023 V � R c ( v � r )(9) 1 : 142 � 0 : 064 � 0 : 946 � 0 : 081 0 : 979 � 0 : 065 +0 : 289 � 0 : 010 R c � I c ( r � i )(10) 0 : 896 � 0 : 035 +0 : 035 � 0 : 020 0 : 987 � 0 : 031 +0 : 206 � 0 : 006 {8{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters 5. JQ 49 <0 $N I> 2A $H Jd @5 5-1. JQ 49 (1) $N JQ 49 <0 $N I> 2A 5a $a $? JQ 49 <0 $N I> 2A $r 9T $& !# 4-2 @a $G 5a $a $? I8 =‘ Ey 5i $N J} Dx <0 ( I= 4) $G $O !" V Ey 5i $r 5a $a $k 2 $D $N <0 $r Hf 3S $9 $k $H !" JQ ?t $H $7 $F B � V $r $H $C $? >l 9g (1) $h $j $b !" V � R c $r $H $C $? >l 9g (1 0 ) $N J} $, $h $j j � j $, Bg $- $$ $, !" $3 $l $O ?’ 0M B8 @- $N Ld Bj $h $j $b B � V $H V � R c $N CM $N :G Bg CM $H :G >. CM $N :9 $N 0c $$ $+ $i @8 $8 $? 2D G= @- $, 9b $$ !# $9 $J $o $A !" I8 =‘ @1 $N B � V $N CM $N HO 0O $, V � R c $h $j Bg $- $$ $? $a $K !" F1 $8 V $N JQ 49 <0 $K BP $7 $F >. $5 $$ CM $r M? $( $? $N $G $" $m $& !# 0l J} !" ?’ ;X ?t F1 ;N $G $N JQ 49 $G $O !" GH D9 $N D9 $$ 8w $N J} $, C; GH D9 $N 8w $K Hf $Y � $, 1 $K 6a IU $/ 79 8~ $K $" $k ;v $b $o $+ $C $? !# <> EY $, 9b $$ F| K\ $N 5$ 8u $G $O !" Bg 5$ Cf $N ?e >x 5$ $K $h $k 8w $N 5[ <} $K $h $j !" FC $K C; GH D9 $N B $N 4Q B, $, B> $N %P %s %I $K Hf $Y $F Fq $7 $$ ;v $, CN $i $l $F $$ $k !# ?’ ;X ?t F1 ;N $N JQ 49 <0 $K $* $$ $F $O !" $3 $N 1F 6A $, 8= $l $F $$ $k ;v $, G’ $a $i $l $k !# $5 $i $K JQ 49 <0 $N ?. Mj EY $r 8+ $k $? $a !" 3F !9 $N JQ 49 <0 $K BP $7 $F 3F %G !< %? $N ;D :9 $r 5a $a $F Hf 3S $9 $k !# 3F JQ 49 <0 $N ;D :9 � $O !" 3F !9 $N I8 =‘ @1 $N %G !< %? $K BP $7 $F � = ( JQ 49 <0 $N :8 JU $N %G !< %? $N CM ) � ( JQ 49 <0 $N 1& JU $N 7W ;; CM ) $H $J $k !# ?’ ;X ?t $r 2# <4 $K !" ;D :9 $r =D <4 $K ?^ <( $7 $? $N $, ?^ 3 $G $" $k !# Ey 5i $N J} $G $O !" I c $X $N JQ 49 $K $* $1 $k ;D :9 $N Bg $- $5 $O !" V $X $N $b $N $K Hf $Y $F Bg $- $$ !# ;D :9 $N Bg $- $$ @1 $O !" ;# 1F $7 $? @1 A| $, B> $N @1 A| $H =E $J $C $F $$ $k >l 9g $G $" $C $? $j !" 0E $$ @1 $G $" $k >l 9g $G $" $C $? $j $H 5! 3# Ey 5i $, 7W ;; $7 $K $/ $$ >r 7o $K $J $C $F $$ $k !# ?’ ;X ?t $N J} $r 8+ $k $H !" N> @1 CD $H $b B � V $N JQ 49 <0 $N ;D :9 $, B> $N 2 G\ Dx EY $K $J $C $F $$ $k !# $3 $l $O !" >e 5- $N Bg 5$ $N 1F 6A $r Bg $- $/ <u $1 $F $$ $k $H 9M $( $i $l $k !# FC $K 82 Cx $J ?’ ;X ?t 0M B8 @- $O 8+ $i $l $J $$ $? $a !" I8 =‘ 7O $H $N :9 $O =< J, >. $5 $$ $H 8+ $i $l $k !# Fs @1 CD 4V $G $N 78 ?t $r Hf 3S $9 $k $H !" (5) 0J 30 $O 3N N( 8m :9 $r 4^ $‘ HO 0O Fb $N CM $K $J $C $? !# (5) $K $D $$ $F $O !" I8 =‘ @1 $N R c � I c J, I[ $, @1 CD 4V $G 0[ $J $C $F $$ $k $? $a !" $H ?d B, $5 $l $k !# V � R c $K $O $= $l $[ $I $N 1F 6A $O $J $$ ;v $+ $i !" >e 5- $N $b $N $H F1 MM $K I c $N @: EY $N Ld Bj $, 86 0x $G $" $k $H 9M $( $i $l $k !# 5-2. JQ 49 (2) $N JQ 49 <0 $N I> 2A 4-3 @a $G 5a $a $? 5! 3# Ey 5i $N J} Dx <0 $G $O !" V Ey 5i $r 5a $a $k 2 $D $N <0 $N � $O !" N> @1 CD $N %G !< %? $G @: EY $N 79 8~ $, 0[ $J $k $, !" N> @1 CD $N v � r $N $P $i $D $- $K 0c $$ $, $" $k $? $a $G $" $k $H 9M $( $i $l $k !# 3N N( 8m :9 $O b � v $r $H $C $? >l 9g (6) $h $j v � r $r $H $C $? >l 9g (6 0 ) $N J} $, Bg $- $$ $H $$ $& 7k 2L $H $J $C $? !# ?’ ;X ?t F1 ;N $N JQ 49 $O !" 4-2 @a $H F1 MM $K GH D9 $N D9 $$ 8w $N J} $, NI $$ 7k 2L $, =P $? !# A0 @a $H F1 MM $K !" 4-3 @a $G 5a $a $? JQ 49 <0 $K BP $7 $F 3F %G !< %? $N ;D :9 $r 5a $a $F Hf 3S $9 $k !# $= $N 7k 2L $r ?^ 4 $K <( $9 !# 79 8~ $O A0 @a $H JQ $o $i $J $$ $, !" ?’ ;X ?t $N B � V $N !" B> $N 2 $D $K BP $9 $k ;D :9 $N Bg $- $5 $, $h $j 82 Cx $G $" $k !# {9{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a Fig. 3. Residuals of conv ersion equations using standard (stan.) colours [(1), (1’) and (2)]. (left:NGC7790, right:M67) {10{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters Fig. 3. (con t.) Residuals for conv ersion equations using standard (stan.) colours [(3) { (5)]. (left:NGC7790, right:M67) {11{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a Fig. 4. Residuals for con v ersion equations using instrumen tal (inst.) colors [(6), (6’) and (7)]. (left:NGC7790, right:M67). {12{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters Fig. 4. (cont.) Residuals for conv ersion equations using instrumen tal (inst.) colors [(8) { (10)]. (left:NGC7790, right:M67). {13{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a 6. Fs ?’ ?^ $H ?’ { 8w EY ?^ 6-1. Fs ?’ ?^ $H @1 4V 5[ <} Jd @5 E7 BN 4Q B, $N :] $K $O !" 3F !9 $N E7 BN $+ $i $N 8w $N 0l It $, !" CO 5e $K E~ C# $9 $k A0 $K 1’ Ch 6u 4V $K I: $& %A %j $d B> $N >. $5 $/ 0E $$ E7 BN $K $h $C $F ;6 Mp $5 $l !" 8: 8w $7 $F $$ $k !# @1 $N @- <A $H $7 $F $N Ey 5i $d ?’ ;X ?t $r CN $k $? $a $K $O !" $3 $N @1 4V 5[ <} $K $h $k 8: 8w $N Jd @5 $r 9T $& I, MW $, $" $k !# @1 4V 5[ <} $N CM $r 5a $a $k J} K! $H $7 $F !" CM $, 4{ CN $N @1 CD $H L$ CN $N @1 CD $N $= $l $> $l $N %G !< %? $+ $i 2 ?’ ?^ $r :n $j !" %W %m %C %H $5 $l $? E@ $N 2s 5" 6J @~ $N %7 %U %H NL $+ $i @1 4V 5[ <} $N :9 $r 5a $a $k !" $H $$ $& <j K! $, $" $k !# $3 $N J} K! $r MQ $$ $k $K $O !" 2 ?’ ?^ $+ $i 2s 5" 6J @~ $, MF 0W $K F3 =P $G $- $k I, MW $, $" $k !# $7 $+ $7 !" <0 (6) !A (10) $r MQ $$ $F F3 $$ $? I8 =‘ Ey 5i $r 4p $K $7 $F IA $$ $? 2 ?’ ?^ ( ?^ 6) $r 8+ $k $H !" NGC7790 $N J} $O %W %m %C %H $5 $l $? E@ $N ;6 0o $, Bg $- $/ !" 2s 5" 6J @~ $r F@ $k ;v $O Fq $7 $$ !# $3 $N $? $a @1 4V 5[ <} $N CM $O !" 2a 5n $K H/ I= $5 $l $? O@ J8 $N %G !< %? !" E ( B � V ) M = 0 : 050 (Montgomery et al. ,1993) $H E ( B � V ) N GC = 0 : 110 (T anabe et al. ,1996) $r MQ $$ $k ;v $H $7 $? !# @1 4V 5[ <} $N Jd @5 NL $r MQ $$ $k :] $K I, MW $J 3F %U %# %k %? !< $N 5[ <} NL A ( � ) $O !" Candelli et al. (1989) $N CM A ( B ) = A ( V ) = 1 : 337 A ( R ) = A ( V ) = 0 : 751 A ( I ) = A ( V ) = 0 : 479 $r MQ $$ $? !# $3 $l $i $N CM $r MQ $$ $F !" N> @1 CD $N @1 4V 5[ <} $N Jd @5 $r 9T $C $? !# 6-2. ?’ { 8w EY ?^ 4-3 @a $G 5a $a $? JQ 49 <0 $r MQ $$ $F F@ $i $l $? I8 =‘ Ey 5i $K A0 @a $G 5a $a $? @1 4V 5[ <} $N Jd @5 $r 9T $C $F !" :# 2s $N 4Q B, $+ $i F@ $i $l $? %G !< %? $+ $i 3F @1 A| $N Ey 5i $H ?’ ;X ?t $r 7h Dj $7 $? !# $3 $l $i $N %G !< %? $r ;H $C $F ?’ { 8w EY ?^ $r :n @. $9 $k !# ?’ { 8w EY ?^ $O 2# <4 $K ?’ ;X ?t !" =D <4 $K <B ;k Ey 5i $r $H $C $? !# 3F Ey 5i $N %G !< %? $K BP $7 $F :n @. $7 !" ?^ 7 (NGC7790) 5Z $S ?^ 8 (M67) $G <( $9 !# NGC7790 $N ?^ $N :n @. $N :] $K !" V Ey 5i $G 17.2 Ey IU 6a $+ $i !" I c Ey 5i $G 18.2 Ey IU 6a $+ $i 0E $$ @1 A| $G $O !" ?’ ;X ?t $, 9- $$ J, I[ $r <( $9 $h $& $K $J $C $? !# $3 $N $? $a !" $3 $l $i $h $j $b 0E $$ @1 $O :# 2s $N 4Q B, $K $* $$ $F $N 8B 3& Ey 5i 0J 2< $H H= CG $7 !" ?^ 7 $H ?^ 8 $O $3 $l $i $N @1 $O =| $$ $F :n @. $7 $? !# !J $J $* !" 8B 3& $N Ey 5i $N @1 4V 5[ <} Jd @5 A0 $N CM $O !" V Ey 5i $G 17.5 Ey IU 6a !" I c Ey 5i $G 18.0 Ey IU 6a $K Aj Ev $9 $k !# !K NGC7790 $G $O !" <g 7O Ns $H ;W $o $l $k @1 $N JB $S $, ( B � V ) 0 � 0 : 2 IU 6a $^ $G B3 $$ $F $* $j !" Hs >o $K <c $$ @1 CD $G $" $k ;v $, $o $+ $k !# M67 $N ?^ $K 4X $7 $F $O !" %G !< %? ?t $O >/ $J $$ $, <g 7O Ns $O Hf 3S E* $O $C $- $j $H <( $5 $l $F $$ $k !# 7. $^ $H $a 4Q B, A0 $N Nd 5Q ;~ $N %G !< %? $N <} =8 $K $h $C $F !" CCD %+ %a %i $N Nd 5Q $K 4X $7 $F $O NI 9% $G $" $k ;v !" %P %$ %" %9 $H %@ !< %/ $N N> %U %l !< %‘ $N 0c $$ $, $[ $H $s $I $J $/ !" CCD %+ %a %i $G $N O* =P $K $h $k ?. 9f $N %N %$ %: $, Hy >. $G $" {14{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters Fig. 5. Color-color diagrams (left:NGC7790,right:M67). $k ;v $, J, $+ $C $? $, !" CCD %+ %a %i <+ BN $+ !" %U %# %k %? !< %U %) %k %@ $d K> 1s 6@ $N 6n F0 7O $J $I <~ JU It $N %N %$ %: H/ @8 8; $, $" $C $? ;v $, ?d Dj $5 $l $k !# H/ @8 8; $N FC Dj $H :F B, Dj $, I, MW $G $" $k !# E7 BN 4Q B, $K 4X $7 $F $O !" JQ 49 <0 $O 35 $M ?. Mj EY $, 9b $$ $H ;W $o $l $k $, !" 5$ 8u $N Ld Bj $G B $N JQ 49 $, 0- $$ !# $^ $? !" B � V $N JQ 49 $G B> $K Hf $Y $F ;D :9 $, $d $d Bg $- $$ !# $^ $? !" I c $K $D $$ $F ;D :9 $, Hf 3S E* Bg $- $$ @1 $, $" $j !" :F EY D4 :: $9 $k ;v $, K> $^ $7 $$ !# B, 8w 4Q B, $N :] $K $O !" $3 $l $i $N E@ $K N1 0U $9 $k I, MW $, $" $k !# !T ;2 9M J8 8% !U An upama G.C. et al. 1994, A&AS 103, 315 Bessell M.S. 1990, P ASP 102, 1181 Cardelli J. A. et al. 1989, AJ 345, 245 Christian C. A. et al. 1985, P ASP 97, 363 Gilliland R. L. et al.1991, AJ 101, 541 Mon tgomery K.A. et al. 1993, AJ 106, 181 Nak ano M. et al. 1995, Annu. Rep. Nishi-Harima Astron. Obs. 5, 1 Okyudo M. et al. 1991, Annu. Rep. Nishi-Harima Astron. Obs. 1, 17 T anabe K. et al. 1996, Annu. Rep. Nishi-Harima Astron. Obs. 6, 1 {15{

M. Kaw aguc hi, J. Tsujimoto, N. No da, S. Narusa w a, and H. Y amaok a Fig. 6. Color-Magnitude diagrams of NGC7790. {16{

Estimation of the Nishi-Harima CCD System and Pro ofreading Multi-color Filters Fig. 7. Color-Magnitude diagrams of M67. {17{