OHS/CISCO ;n834QB,7k2LJs9p 1 2000.3 OHS/CISCO 3+H/%0%k!<%W 4QB,F|;~ : 2000 G/ 2 7n 22 F| ,23 F| ,24 F| 4QB,>l=j : 9qN)E7J8Bf $9$P$k4QB,=j 4QB,AuCV : Subaru(Ns IR) + OHS + CISCO, Subaru(Ns IR) + CISCO 4QB,35MW : 2/22 : Hs>o $K1@ $,8| $/ (5mag 0J>e $N8: 8w ) seeing $b 0 : 00 7 0J>e $H:G0- $N condition $G $"$C $? $,!" OHS $H K> 1s 6@ $N 8w <4 3N G’ $H Lk 8w 51 @~ $r MQ $$ $? %j %b!< %H $G $N 8w 3X D4 @0!" 5Z $S %3 %^ %s%I ;n 83 $r $9 $k$? $a $N 4Q B, $r9T $J$C $?!# L@ $k $$@1 $N %\ %1 A| $rMQ $$ $? 8w <4 3N G’$H 8w 3X D4@0 $O 9T $J$& $3 $H $, $G$- $? $,!" 4QB, $K I, MW$J Cj >] 2=%3 %^ %s %I4X 78 $N error $, B3 =P $G%P %0 =P $7 $K $[ $H $s $I $N ;~ 4V $, Hq $d $5 $l $?!# $^ $?!" >G E@ 9g $; ;~ $d %, %$ %@!< 6n F0 ;~ $K TSC $H$N comm unication error $, H/@8$7!" SOSS $d TSC $N reb o ot $,I,MW $K$J$k $J$I!" %= %U %H E* $J Ld Bj E@ $, 4v $D $+ H/ 8+ $5 $l $?!# K> 1s 6@ $N P oin ting 0L CV $, OHS $N ;k Ln 30 $K $"$C $? $3 $H $H!" P oin ting 0L CV $, 7k 6I :G 8e $^ $G $o $+ $i $J $+$C $? $? $a E7 BN $r ;k Ln Fb $K F~ $l$k$3$H<+BN$KAjEv$N;~4V$,Hq$d$5$l$?!#Lk8w=|5nN($O 0 : 00 5 slit $G 1/20{1/25 $G$"$C $?!# 2/23 : seeing $O 0 : 00 7 A0 8e $H0- $+$C $? $,!" E7 8u $O $^ $: $^ $: $G $"$C $? $? $a 8z N( B, Dj $N $? $a $N I8 =‘ @1 $N 4Q B, $r B? $/ 9T $J$C $?!# $^ $?!" A0 F| ;n $9 $3 $H $, $G $- $J $+$C $? %@!< %/ %l!< %s ( %9 %j%C %H ) >e $KE7 BN $r F3 F~ $9 $k $?$a $N Cj >] 2= %3 %^ %s%I $N ;n 83 $r 9T $J$C $?$,!" P oin ting $7 $? $H $- $K %, %$ %I @1 $, CCD $N C< %. %j %. %j $K Mh $F $7 $^ $& $? $a!" CCD >e $G $N %, %$ %I Cf ?4 $r JQ $( $F %9 %j%C %H >e $r F0 $+ $9 $H $$ $& J} K! $r MQ $$ $k $3 $H $, $G $- $: ( $H $j $" $( $: @5 >o $K F0 :n $9 $k $3 $H $O 3N G’ ) !" 5^ n1!" %, %$ %I Cf ?4 $O JQ $( $:!" %, %$ %@!< %W %m!< %V $N 6n F0 @: EY $G E7 BN$N 0L CV $r F0 $+$9 J} K! $K JQ 99$7 4Q B, $r B3 $1$?!# $7 $+ $7!" KL E7$N >l 9g $K $O K> 1s6@ $r ?t 10 00 F0 $+ $7 $? $@ $1 $G %, %$ %I @1 $r Ja $i $( D> $7 $? $H $- $N %, %$ %I @1 $N CCD >e $G $N 0L CV $, Bg $- $/JQ $o $j!" %, %$ %I $r$7 $J $, $i 4Q B, $9$k $3 $H <+ BN $, Aj Ev:$ Fq $G $"$C $?!# A0 F|H/ 8+ $5 $l $? P oin ting 0LCV$H OHS Cf?4$N$:$l$O=$@5$7$?$O$:$J$N$@$,!"$3$l$b:G8e$^$G$I$3$, @5$7$$$N$+$o$+$i$J$$ $^$^$G=*$o$C$?!#J,8w$O!" CISCO $,%+%;%0%l %s$G J H J, 8w4Q B,$r9T$J$C$? Bro wn dw arf SDSS J1624 $r2?$H$+9T$J$&$3$H$,$G$-!" OHS $N@-G=I> 2A $r $9 $k $? $a $N data $r F@ $k $3 $H $, $G $- $?!# I8 =‘ @1 $N 4Q B, 7k 2L $+ $i!" OHS $r 4^ $a $? A44QB,%7%9%F%‘$N8zN($O H -band $G 7.4% $HH=L@ ( %+%;%0%l%s$G$O 27.5%) !"$3$N;~E@ $G $O2? $, $3 $l $[ $I$^ $G $K 8z N( $rMn $H $7 $F $$ $k$N $+ NI $/ $o $+$i $J $+$C $? $,!" Mb F|$N 4Q B, $G>\$7$$$3$H$,$o$+$k$G$"$m$&$H9M$($?!# 2/24 : CISCO $r @V 30 %J %9 %_ %9 $K D> @\ @_ CV $7 4Q B, $7 $?!# seeing $O $3 $N F| $b 0 : 00 7 A0 8e $H 0- $+$C $? $? $a!" K> 1s 6@ $N <} :9 $N 1F 6A $r D4 $Y $k $? $a 25msec FI $_ =P $7 $G seeing $r ;~ 4V J, 2r $7 $F D4 $Y $?!# $= $N 7k 2L!" @1 A| $O 0 : 00 2 { 0 : 00 8 $K JQ 2= $7 $F $* $j!" >/ $J $/ $H $b seeing $, $+ $J $j0- $$ $H 8@ $& $3 $H $O $O$C $- $j $7$?!# $= $N 8e!" I8 =‘ @1 $N 4Q B, $r 9T$J$C $? $,!" ES Cf $G MessiaI I I $NFbIt;~7WLdBj$,H/@8$7$F$$$k;v$K5$$,IU$-!" Messia FbIt;~7W$r%j%;%C%H $7$?!#$3$3$^ $G$N4QB,$O O*=P;~4V$, A4$F:GC;$K$J$C $F$7$^$C$F$* $j!"7k6I 2 $DL\$N I8 =‘ @1$+ $i $d $j D> $7$?!# A0 F| $N %P %0=P $7 $N 7k 2L!" Cj>] 2= %3 %^ %s %I$O A4 $F Ld Bj $J $/F0 :n $7

$? $,!" %, %$ %I $r $7 $J $, $i 4Q B, $, :$ Fq $H $$ $& >u 67 $O JQ $o $i $J $+$C $?!# CISCO $O ;k Ln $, 9- $$ $? $a!" P oin ting $K 4X $9 $k IT 6q 9g $O $5 $[ $I 46 $8 $i $l $J $+$C $?!# seeing $, 0- $$ $J $, $i $b EE GH 6d 2O 4C +34.32 $N 9- BS 0h / 69 BS 0h ;# A| $r 9T $J $$!" B> $O!" @V 30 %J %9 %_ %9 $G $N CISCO $N J -band $G$N color term $r=P$9$?$a!"MM!9$J?’$NI8=‘@1$r4QB,$7$? ( %+%;%0 %l%s $G$O F1 $8F| $K0[ $J $k?’ $NI8 =‘ @1$r $H$k $3 $H$, L5$+$C $?$? $a!" ?’$K $h$k J -band $N B, 8w @: EY $K Ld Bj $, =P $? ) !# $= $N 7k 2L!" @V 30 %J %9 %_ %9 $G $N A4 %7 %9 %F %‘ 8z N( $O H -band $G 20% $G!" %+ %; %0 %l %s $G $N CM 27.5% $r MQ $$ $F Bh #3 6@ +ImR $N 8z N( $r ?d Dj $9 $k $H 73% $H $J$C $?!# $^ $?!" A0 F| $N CM $H $N Hf 3S $K $h $j OHS It J, $G $N F) 2a 8z N( $O 37% $G $" $k $3 $H$,$o$+$C$?!# OHS $N8zN($OM}A[E*$J>uBV$G 43% $HM=A[$5$l$F$$$?$?$a!"$3$NCM$O $^ $: $^ $: $N CM $G $" $k $H 9M $( $i $l $k!# 8e $K $o $+$C $? $3 $H $@ $,!" $3 $N F| $N data $O 8m$C $F DDS3 $N dat tap e $rMQ$$$F$7$^$C$?$?$a!"5~ET$K;}$A5"$k$3$H$K<:GT$7$? ( $b$A$m$s ST ARS $K arc hiv e $5$l$?$b$N$O<hF@2DG= ) !# <hF@ data : F|;~ 4QB,E7BN �lter O*=P;~4V 2/22 T est images H � 2s 2/23 FS14 H 20s � 24= 480 J 20s � 12= 240 FS15 H 5s � 48= 240 J 5s � 48= 240 PKS 0859-14 H 20s � 12= 240 SA O138489 J H Gr 20s � 6= 120 SA O119228 J H Gr 20s � 6= 120 SDSS J162414 H 20s � 6= 120 J H Gr 200s � 6= 1200 AS31-1 H 5s � 48= 240 J 5s � 48= 240 2/24 SA O114817 K 0 0.025s � 384= 9.6 FS15 H 5s � 36= 180 J 5s � 48= 240 K 0 5s � 48= 240 4C +34.32 K 0 20s � 48= 960 N 212 50s � 48= 2400 K 0 20s � 48= 960 FS21 H 5s � 48= 240 J 5s � 48= 240 K 0 5s � 48= 240 FS23 H 5s � 48= 240 J 5s � 48= 240 K 0 5s � 48= 240 AS31-1 H 5s � 48= 240 J 5s � 48= 240 K 0 5s � 48= 240

!| FS star ?^ 1: :8 ) 2/23 $N OHS+CISCO $K$h$k FS14,FS15,AS31-1 $N4QB,7k2L!# T rac king @:EY$,Hs>o$K 0-$/!"@1 A|$, $+ $J$j $N 3NN( $G #2 $D$K J, Nv$7 $F $$$? $? $a!"$P $i $D$- $, Bg $-$$!# 1& ) 2/24 $N CISCO $K$h$k FS15,FS21,FS23,AS31-1 $N4QB,7k2L!# T rac king @:EY$OA0F|$h$j$O$^$7$K$J$C$?$b$N$N!" $+$J$j$N3NN($G@1A|$,N.$l$F$$$?$?$a!" FWHM $N$P$i$D$-$,Bg$-$/$J$C$F$$$k!# (Photometry $N ap erture $ON.$l$N size $h$j $bBg$-$$ $?$a@1A| $,0-$/$F$b coun t $, Mn$A$F$$ $J$$$3$H$, ?^$+$i FI$_<h$l$k ) ?^ 1 $+$iF@$i$l$k7k2L$O0J2<$NDL$j$G$"$k!# J -band H -band K 0 -band OHS+CISCO(Ns IR) 4.7% 7.4% | CISCO(Ns IR) 13.0% 20.0% 23.0% CISCO(Cs Opt) 19.0% 27.5% 30.3% OHS K\BNIt$G$NF)2aN($H!"Bh 3 6@ +ImR $G$NF)2aN($O$=$l$>$l!" J -band H -band K 0 -band OHS+CISCO 36% 37% | Bh 3 6@ +ImR 68% 73% 76% $H$J$k!# Bh 3 6@ +ImR $N ItJ,$O6@ 1 LL $"$?$j$NH? <MN( 95% $N>l9g 81% $K$J $k$O$:$J$N $G!" 2~A1$,K>$^$l$k!# (coarting $r6d +o v ercoating $K$9$kEy )

!| Lk8w=|5nN( ?^ 2: :8 ) slit L5 $7 $N >u BV $G $N sky image !# =D $K Av $k 9u $$ <J $, \dark lane" $H 8F $V Lk 8w =| 5n NN 0h $G!"$3$N >uBV $G $ON> B& $+ $i$N ;6 Mp8w $K $h$j == J,$J Lk 8w =|5n N( $,F@ $i $l$J $$!# Cf 1{:8 >e $K$" $k L@$k $$E@$O Quasar PKS 0859-14 !#1& ) dark lane $K slit $r9g$o$;$?$H$3$m!#$3$N>uBV$GLk8w=|5nN($, 1/25 $K$J$k!#$3$N;~$O CISCO $N>uBV$,0-$+$C$?$N$G!"<J>u$N noise $,8+$i$l$k!# slit $r0O$‘OH $O OHS slit It J, $N 9= B$ $G!" @V 30 %J %9 %_ %9 << Fb $, $d $d L@ $k $$ $? $a $3 $N $h $& $K 8+ $( $F $7 $^ $& $h $& $G $"$k!#$3 $N?^ $G $O slit Fb $K ob ject $O F~$C $F$$ $J $$$,!" ob ject $r Ja $i $($F $$ $k$H $- $K$O CISCO $N slit $r$3$N OHS $N slit $K9g$o$;!" grism $rMQ$$$FJ,8w4QB,$r9T$J$&!# ?^ 3: ?^ 2 $r0l<!852=$7$?$b$N!#:8 ) ?^ 2 $K$O8+$($F$$$J$$$,!" CISCO $N slit $, OHS ;kLn$N:8 1&6a$/$^$GGw$C$F$$$?$?$a!" 140,400 pixel $N=j$G CISCO slit $K$h$kCJ:9$,$G$-$F$$$k!#Lk8w6/ EY$O 1950 ADU/20sec !#1& ) CISCO $N slit $O0lHV:8C<$K$"$k!#Cf1{$NCJ:9 $O!"8!=P4o$N bias $K 0x$k$b$N$J $N$G!" %J%9 %_%9<< Fb$N %P%C%/ %0%i%& %s%I $O slit image $N1& B&$N $_$G H=CG $7$?!#;D $j$N Lk8w6/EY$O 80ADU/sec !#

!| Lk8w=|5nN( ?^ 2, ?^ 3 $h $j Lk8w =|5n N( $O 1950/80=24.4 $G!"L\ I8 CM$G $"$k 30 $K$O FO $+$J $+$C$? $b $N$N!" $^$:$^$:$NCM$G$"$C$?!# <!$K!";D$C$F $$$kLk8w51@~ $N>u67$rD4$Y $k$?$a$K!" OHS slit $r dark lane :8C< $+$i1&C<$^$G 0 : 00 5 slit $G scan $7!"$I$N$h$&$J=g=x$G51@~$,8+$(1#$l$9$k$N$+D4$Y$?!# ?^ 4: slit 0L CV $r $: $i $9 ;v $K $h $j Lk 8w 51 @~ $, 8+ $( 1# $l $9 $k MM ;R!# ?^ 2 1& J} 8~ $r + $K $7 $F � 1 : 00 6 { +2 : 00 4 $^ $G slit $r0\ F0 $5$; $?!# $[$H $s $I$N 51 @~$O 0l @F$K 8= $l$F 0l @F$K >C $($k $,!" H -band N> C< $@$1$O $d$d $: $l$F $$ $k;v $, $o$+ $k!# $3$l $O 1.3m %+ %a %i%_ %i!< N> C<$K 5e LL$+ $i $N$: $l $,B8 :_ $7!" $=$N7k 2LLk 8w %^%9 %/ >e$G $N GHD9 J, ;6$, N> C<$G 7W ;; CM$H $O <c43 $: $l$F $$ $k;v $r I=$7 $F $$$k!# $3 $N;v $O!" CAL 8w 8; $r MQ $$ $? 8w 3X D4 @0 $N CJ 3, $G $b JL $J J} K! $G 3N G’ $5 $l $F $* $j!" :G =* E* $K $O Lk 8w %^ %9 %/ $N=$@5 $,I, MW $G $"$k!# 99 $K0E $$ Lk 8w51 @~ $K4X $7 $F $O!"O* =P ;~4V $, C; $+2a $. $?$? $a!" 3N G’$9 $k $3$H $,$G$-$J$+$C$?!#

!| 7n$N1F6A ?^ 5: airmass=1.0 $K5,3J2=$7$?Lk8w=|5n$5$l$?6u$NL@$k$5 ( ?^ 3 1&Cf$N residual airglo w CM$KBP 1~ ) !#7n$N1F6A$r8!=P$9$k;v$O$G$-$J$+$C$?!# 7n $N 1F 6A $r D4 $Y $k $? $a!" 7n $+ $i 65 � { 25 � $N 4V $N 6u $N L@ $k $5 $r OHS slit ;# A| $G 10 � $* $- $K sample $7$?!#$7$+$7!" airmass Jd@58e$N data $OA4$FF1MM$J6u$NL@$k$5$r<($7!"7n$N1F6A$r3NG’ $9$k ;v $, $G $- $J $+$C $?!# $3 $N B, Dj $O 15min Dx EY $G =* N; $G $- $k $N $G!" :# 8e!" F1 MM $J 5! 2q $, $" $l $P 3N<B$K 7n $N1F 6A $, =P $k=j $^ $G sample $7!" :# 2s $N 7k2L $N 3N G’$r 9T $J $& I,MW $, $" $k!#>/ $J $/ $H$b :# 2s$N7k2L$G$O!VK~7n$NLk$G$b OHS $O;HMQ2DG=!W$H$$$&7k2L$H$J$C$?!#

!| 8=>u$H:#8e$N2]Bj ?^ 6: Bro wn Dw arf SDSS J162414.37+002915.6 $N J H -band J,8w!#:8 ) 99 G/ 6 7n$K CISCO(Cs Opt) $G<hF@$7$? $b$N $G!"2< $K<L$C $F$$ $kJ} $, Bro wn Dw arf !#O*=P ;~4V 100sec, slit 0 : 00 7, seeing 0 : 00 4 !# 1& ) OHS $G<h F@$7$? $b$N!#O* =P;~4V 200sec, slit 1 : 00 0 (CISCO slit $O 2 : 00 0), seeing 0 : 00 8 !# OHS $N slit $r 40 A4 $K dark lane $N Cf 1{ $K Ev $F $F $$ $J $+$C $? $? $a Lk 8w 51 @~ $, 40 A4 $K =| 5n $5 $l $F $* $i $:!" $3 $N>uBV$G$NLk8w=|5nN($O 1/14 DxEY$7$+$J$+$C$?$b$N$H;W$o$l$k!# $3$l$i$N image $r85$K!"8=>u$G$N noise 8;$H@-G=$NHf3S$r9T$J$C$?!# >GE@ Bac kground 1) noise ob ject 2) S/N Gain 3) Cs Opt 1590 21 100 4.8 Ns IR 1160 18 73 4.1 � 0.17 Ns IR+OHS 70(30+40) 4) 6.4(4.5+4.5) 5) 27 4.2 +0.03 Step 1 35(15+20) 4) 3.4(3.2+1.0) 5) 27 7.9 +0.71 Step 2 15(15+0) 4) 2.3(2.1+1.0) 5) 27 11.7 +1.14 Step 3 17(17+0) 4) 2.4(2.2+1.0) 5) 31 12.9 +1.24 1) CM$OA4$F slit 1 : 00 0, O*=P;~4V 200sec $G$N ADU CM$K5,3J2= 2) Cs Opt=100 $H$7!"F)2a8zN($G49;; 3) Ns IR $O Cs Opt $KBP$9$kAjBP gain $r!" Ns IR+OHS 0J9_$O Ns IR $KBP$9$kAjBP gain $rI= $9!#C10L$O magnitude !# 4) ;D$j$N sky bac kground + %J%9%_%9<<Fb$NL@$k$5 5) Bac kground noise + Read noise (3.5e/ADU $G49;; ) 8=>u$OCfCJ$N Ns IR+OHS $GI=$5$l$F$*$j!"$3$N>uBV$G$N gain $O Ns IR $KBP$7$F +0.03mag !" Cs Opt $K BP$7$F $O � 0.17+0.03= � 0.14 $H5U$K S/N $r Mn$H$9 7k2L $H$J$C$F $$$k!# $3$N $h$&$J 7k 2L$H$J$C$F$7$^$C$?860x$H$7$F!"

� dark lane $H OHS slit $N0LCV9g$;$r8m$j!"Lk8w=|5nN($rDc2<$5$;$?!# � %J%9%_%9<<Fb$N bac kground $,9b$9$.$k!# � FI$_=P$7 noise $N4sM?$,Bg$-$$!# $,5s$2$i$l$k$,!"$9$0$K$G$-$kBP1~$H$7$F0J2<$N9‘L\$,$"$k!# � dark lane $H OHS slit 0LCV$NAjBP0LCVB,Dj$r@5$7$/9T$J$&!"$^$?$O 0 : 00 5 slit $rMQ$$$k ;v$K$h$j!":GBg$NLk8w=|5nN($rF@$k (1/28 $rA[Dj ) !# � CISCO $N slit I}$r OHS $N slit I}$N 2 G\$K$7$F$$$k$,!"$3$l$r$[$\F1$8I}$^$G69$a$F %J%9%_%9<<Fb$N8w$N:.F~$r6KNO8:$i$9!# � 5 2s$^$?$O 6 2s$N Multiple sampling $rMQ$$$FFI$_=P$9!#$^$?4pK\O*=P;~4V$r 1000sec $K$7!"AjBPE*$JFI$_=P$7 noise $N4sM?$r8:$i$9!# $3$l$i$r A4$F9T$J$C$?>uBV$,I= Cf$N Step 1 $G$"$k!#$7$+$7!" $3$l$G$bLk8w=|5n $N8z2L$,%J%9 %_%9 << Fb $N bac kground $K $h$C $F H> J, $K $5 $l $F $7 $^ $& $N $G!" <! $N step $H $7 $F 0J 2< $N BP :v $r 9T $J $&!# � CISCO $N Ly^ ot stop $r%S!<%‘%5%$%:$.$j$.$j$^$G9J$C$?$b$N$K8r49$9$k!# � OHS $K0O$$$r$D$1!"<~0O$+$i$N8w$r<WJC$9$k!# $3$l$i$,$&$^$/F/$$$?>l9g$N5f6K$N>uBV$, Step 2 $G$"$k!#:G8e$K!"8=>u$G$O Cs Opt $KHf$Y $F H -band $G 73% $7$+ $J $$ Ns IR $N F) 2aN( $r 85% $K $G$- $? >l9g $, Step 3 $G!"$3 $N >u BV$G $O Ns IR $KHf$Y$F +1.24mag $N gain !" Cs Opt $HHf$Y$F$b +1.07mag $N gain $,F@$i$l$k!# !| $=$NB> � OHS $N slit $, guider fo cus $+$i 1cm $:$l$F$$$k$?$a=$@5$,I,MW!# � CISCO ;#A|$G$O guider prob e $N1F$OHr$1$i$l$J$$ ( 2r@O$,BgJQ$=$& ) !#