jbldarf E0Dl%,%$%I F|K\8l Bh 1.2 HG @P:j 6U>0 El5~Bg3XBg3X1!M}3X7O8&5f2J ishisaki@miranda.ph ys.s.u-toky o.ac.jp J?;3 >;<# El5~Bg3XBg3X1!M}3X7O8&5f2J hiray ama@astro.isas.ac.jp @PED 3X 1’Ch2J3X8&5f=j1’Ch7w8&5f7O ishida@astro.isas.ac.jp 1995 G/ 4 7n 01 F| Bh 1.0 HG 1995 G/ 7 7n 20 F| Bh 1.1 HG 1995 G/ 8 7n 27 F| Bh 1.2 HG

L\<! 1 %$%s%9%H!<%k 4 1.1 $I$3$K$"$k$+!) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1.2 %3%s%Q%$%k$NJ}K! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 1.3 %Q%i%a!<%?!<!&%U%!%$%k : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 < U > 2 $O$8$a$F$N jbldarf 6 2.1 Integrated Region : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 2.1.1 pixel $+$i mm $X$NJQ49 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 2.1.2 SIS $N>l9g : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 2.1.3 Example for the GIS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 2.1.4 Region Map : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 < U > 2.2 T arget Position : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 2.2.1 One-Poin t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 2.2.2 FITS �le : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 2.3 Detector ID : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.4 File Sp eci�cation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.4.1 SIS $N RMF : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 2.4.2 GIS $N RMF : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 < U > 2.5 XR T $N PSF : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 < N > 2.6 %^%C%W$N%S%s$^$H$a (SIS $N$_ ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 2.7 2/4CCD %b!<%I$G$N ARF : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2.7.1 Chip Mask : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2.7.2 Chip Maps : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 2.8 2keV IU6a$N!V$3$V!W (SIS $N$_ ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 < N > 2.9 Building the ARF resp onse : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 3 jbldarf-2.10 $r@5$7$/;H$&$?$a$K 15 3.1 ARF %U%!%$%k$H$O : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 3.1.1 XSPEC $H%l%9%]%s%9 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 3.1.2 ARF %U%!%$%k$N9=B$ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 3.1.3 %X%C%@$N%-!<%o!<%I : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16 < U > 3.2 2?$r7W;;$9$k$N$+ (SIS JT ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 3.2.1 7W;;<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 < U > 3.2.2 $h$j6qBNE*$K$O : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 < U > 3.2.3 DEBUG %Q%i%a!<%? : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 3.3 2?$r7W;;$9$k$N$+ (GIS JT ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 3.3.1 7W;;<0 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 3.3.2 $h$j6qBNE*$K$O : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 < U > 3.3.3 DEBUG %Q%i%a!<%? : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 21 1

3.4 E,MQ8B3& : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 22 3.4.1 XR T $N%l%9%]%s%9$N4QE@$+$i : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 22 < U > 3.4.2 GIS $N%l%9%]%s%9$N4QE@$+$i : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 3.4.3 jbldarf $N9=B$$K5/0x$9$k8B3& : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 3.4.4 SIS $N%^%C%W$N%S%s$^$H$a : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 3.5 1~MQJT : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 3.5.1 1R@1$N;Q@*$NMI$l$NJd@5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 3.5.2 9-$,$C$?%=!<%9$N%l%9%]%s%9 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 26 3.5.3 Ray-tracing $N7k2L$NMxMQ (GIS $N$_ ) : : : : : : : : : : : : : : : : : : : : : : : : : : 26 3.5.4 %$%a!<%82r@O$X$NMxMQ (GIS $N$_ ) : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 4 4XO"%D!<%k 28 4.1 addarf : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 28 4.2 makemap : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 28 4.3 mk arf.sh : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 < U > 4.4 dummyrmf : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 29 < U > 4.5 pressrmf : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 30 4.6 addarfrmf : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 30 < N > 4.7 gisnortarf : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 30 < N > 5 F A Q 31 Q1. C/$, jbldarf $r:n$C$F$$$k$N!) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 31 Q2. $I$&$7$F RMF $rFI$‘$N!) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 31 Q3. $‘$+$7:n$C$? ARF $, XSPEC $d addarf $GFI$a$J$/$J$C$A$c$C$?$s$@$1$I : : : : : : 31 Q4. XSELECT $G saoimage $NCf$+$iA*$s$@NN0h$r$=$N$^$^ jbldarf $K;XDj$9$k$H!"Bg$-$5 $,HyL/$K0c$&$h$&$J5$$,$9$k$N$G$9$,!) : : : : : : : : : : : : : : : : : : : : : : : : : 31 Q5. jbldarf $O FTOOL $J$N!) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 Q6. jbldarf $OI=39F;$J$N!) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 Q7. %7%9%F%‘%Q%i%a!<%?%U%!%$%k$,$J$$$C$F$$$o$l$k$s$G$9$1$I : : : : : : : : : : : : : : : 32 2

$O$8$a$K jbldarf $O4JC1$J%Q%i%a!<%?!<$N@_Dj$K$h$j!" SIS $H GIS $N ARF(Auxiliary/ Ancillary Resp onse F unction 1 ) $r :n$k %=%U %H$G $9!#$3 $N%^ %K%e%" %k$G $O!" jbldarf $N;H $$J} $+$i E,MQ 8B3& $K$$ $?$k $^$G!" jbldarf $K 4X$9 $k$5 $^ $6 $^$J 2r @b $,$J $5 $l $$$^ $9!# Fb MF $O!"8= ;~ E@ $G$N :G ?7 %P!<%8%g %s $G $" $k 2.10 $K 4p $E $$ $F=q $+ $l $F$$ $^ $9!# jbldarf-1.00 $H Hf$Y$F?7$7 $/$J$C$?@a $K$O!"Ms30$K < U > (UPDA TED) $d < N > (NEW) $N%^!<%/$r $D$1$F $"$j$^$9!# Bh 1 >O $G $O!" jbldarf $N %$ %s %9 %H!< %k J} K! $r @b L@ $7 $^ $9!# $" $J $? $, ;H$C $F $$ $k 7W ;; 5! $K jbldarf $r %$ %s %9 %H!< %k$9 $k $H$- $K$* FI $_2< $5 $$!#$9 $G$K C/ $+$N <j $K$h$C $F %$%s %9%H!< %k $,$5 $l $F$$ $k$J $i $3$3 $r FI$‘ I, MW$O $" $j $^$; $s!# %$%s %9%H!< %k $5$l $F $$$k $+$I $& $+$o $+ $i$J $$ ?M$O!" $"$J $? $,;H$C $F $$$k 7W;; 5! $N4I M} <T$K Ld $$9g $o $;$F$_$F2<$5$$!# Bh 2 >O$G$O!" jbldarf $N6q BNE*$JA‘:nK!$d!"%j!<%8%g%s!"%]%8%7%g%s$J$I$N4pK\E*$J35G0$K$D$$ $F@bL@$5$l $F $$$^ $9!#=i ?4 <T$N J}$O!" $3$3 $+ $iFI $^$l $k $3$H $r$* 4+ $a$7 $^$9!# $^ $?!" jbldarf $K== J,47 $l$F $$ $kJ} $G$b!" K:$l$F$7$^$C$?%3%^%s%I$N;H$$J}$r;W$$=P$9$?$a$N%3%^%s%I%j%U%!%l%s%9$H$7$F$*LrN)$F2<$5$$!# Bh 3 >O$K$O!" jbldarf $r $h$j NI$/M} 2r$7$F $$$? $@$/$? $a$N>\ $7$$@b L@$, $"$j$^ $9!# ARF $N35G0 $d%U%! %$%k 9= B$ $,5- =R $5 $l!" jbldarf $,$I $N $h $& $J%G!< %? $K 4p$E $$ $F $I$N $h $& $J 7W;; $r $7 $F ARF $r:n @. $7 $F $$$k $N $+ $r @b L@$7 $F$$ $^$9!# $=$N >e $G!"8= ;~E@ $G9M $( $&$k LdBj E@$d jbldarf $N E,MQ 8B 3&$K $D$$ $F$b ?($l!" $d $d9b EY$J 1~MQ $K $D $$ $F$b >R 2p $7 $^ $9!#$3 $N >O $G $O!" Bh 2 >O $G $N CN <1$r A0 Ds $K $7 $^$9 $N $G!" ;O $a $F FI$^ $l $k J} $O!" $3$N >O $r FI $^ $l $kA0 $K Bh 2 >O $r FI $s $G2< $5 $$!# $^ $?!" jbldarf $r$* ;H $$ $K $J$i $l $k J} $O$3 $N >O $^ $G$O I, $: $*FI $_ $K $J$C $F 2<$5$$!# Bh 4 >O$G $O!" jbldarf $N%j%j!< %9%-%C %H$K ImB0$7 $F$$ $k!" ARF 4XO"$N %D!<%k $r>R 2p$7$^ $9!#%D!< %k$N;H $$ J}$rCN$j$?$$;~$J$II,MW$K1~$8$F$*FI$_2<$5$$!# Bh 5 >O$G$O!" $3$l$^$G $K%f!<%6$N 3’MM$+ $iCx<T08 $K4s$;$i $l$?$5$^ $6$^$J $40U8+$N Cf$+$i!"Hf 3SE*$h$/ <*$K $9$k5?Ld$d<ALd$r=8$a$F:n$C$?!V<ALd & 2sEz!W=8$G$9!#I,MW$K1~$8$F$4;29M$K$J$5$C$F2<$5$$!# jbldarf $K4X$9$k $40U8+$d$4<A Ld$J$I$OCx <T$^$G$*CN $i$;2<$5$$!# 2r@O$7$F$_ $F;O$a$F$o$+$C $?!"%l%9%]%s %9 $K4X $9$k ?7;v <B$J $I$b $* BT$A $7$F $*$j $^$9!# jbldarf $K $_$J $5 $s$N $40U 8+$d 2r@O 7k 2L$J $I$r H?1G $5$;!" $h$j @53N$G!"$h$j;H$$$d$9$$ jbldarf $K$7$F$$$-$^$7$g$&!# 1 XSPEC $G$O auxiliary !" FTOOLS $G$O ancillary $H$$$&C18l$,;H$o$l$F$$$k$h$&$G$"$k!# 3

Bh 1 >O %$%s%9%H!<%k $3$N>O$G$O jbldarf-2.10 $N%$%s%9%H!<%k$NJ}K!$K$D$$$F@bL@$7$^$9!# 1.1 $I$3$K$"$k$+!) jbldarf-2.10 $O05=L$5$l$?7A$G1’Ch8&$N anonymous ftp %5%$%H$KCV$+$l$F$$$^$9!# ftp://ftp.astro.isas.ac.jp/asca/software/isas/jbldarf-2.10.tar.gz $r<h$C$F$-$FE83+$7$F2<$5$$!#%+%l%s%H!&%G%#%l%/%H%j$K jbldarf-2.10/ $H$$$&%G%#%l%/%H%j$,$G$-$^$9!# 1.2 %3%s%Q%$%k$NJ}K! jbldarf-2.10/ $N2<$K$O$$$/$D$+$N %U%!%$%k$H#2$D$N%G%#%l%/%H %j ( src/ $H do c/ ) $,$"$j$^$9!#$^$:%$%s %9 %H!< %k $NJ} K! $, =q $+ $l$F $$ $k INST ALL $r FI $s $G 2<$5 $$!# $3 $N Cf $K%3 %s %Q %$ %k $NJ} K! $, =q $+ $l $F$$ $^ $9!# %3 %s %Q %$ %k $K I, MW $J$9 $Y $F $N %U%! %$ %k $O src/ $K <} $a $i $l $F $$ $^ $9!# $^$? $3 $N %^ %K%e %" %k $r 4^ $‘ jbldarf $K 4X $9$k%I%-%e%a%s%H$, do c/ $K$"$j$^$9!# 1.3 %Q%i%a!<%?!<!&%U%!%$%k < U > jbldarf $O fto ols $HF1$8$h$&$K%Q%i%a!<%?!<!&%U%!%$%k$r;}$C$F$$$^$9!#%Q%i%a!<%?!<!&%U%!%$%k$O jbldarf-2.10/jbldarf.par $K$"$j$^$9!# jbldarf-2.10 $N%Q%i%a!<%?!<!&%U%!%$%k$O jbldarf-2.10 $h$j8E$$%P!<%8%g%s$H$N8_49@-$,$" $j $^$;$s$N$GCm0U$,I,MW$G$9!# jbldarf-2.10 $N%Q%i%a!<%?!<!&%U%!%$%k$O!"E83+D>8e$O0J2<$N$h$&$K$J$C$F$$$^$9!# Auto_build,b,h,no,,,"for automatic building" XRT_EA_table,s,h,"/caldb/data/asca/xrt/bcf/xrt_ea_110494.fits",,,"XRT effective area table file" XRT_PSF_type,s,h,"Table",,,"type of XRT PSF data (Analytic/Table)" XRT_PSF_table,s,h,"/asca/caldb/xrt_psf_V1.1.fits",,,"table file of XRT point spread function" XRT_PSF_energy_step,r,h,0,,,"Energy step in keV for XRT point spread function" S0_teldef,s,h,"/caldb/data/asca/sis/bcf/s0_teldef_070294.fits",,,"teldef file for SIS0" S1_teldef,s,h,"/caldb/data/asca/sis/bcf/s1_teldef_070294.fits",,,"teldef file for SIS1" S2_teldef,s,h,"/caldb/data/asca/gis/bcf/gis2_ano_on_flf_180295.fits",,,"teldef file for GIS2" S3_teldef,s,h,"/caldb/data/asca/gis/bcf/gis3_ano_on_flf_180295.fits",,,"teldef file for GIS3" S2_grid_map,s,h,"/caldb/data/asca/gis/bcf/s2gridv3.fits",,,"GIS2 grid map FITS file" S3_grid_map,s,h,"/caldb/data/asca/gis/bcf/s3gridv3.fits",,,"GIS3 grid map FITS file" S2_Be_map,s,h,"/caldb/data/asca/gis/bcf/s2bev1.fits",,,"GIS2 Be thickness map FITS file" S3_Be_map,s,h,"/caldb/data/asca/gis/bcf/s3bev1.fits",,,"GIS3 Be thickness map FITS file" S2_Xe_thick,r,h,1.0,,,"GIS2 Xe thickness in cm" 4

S3_Xe_thick,r,h,1.0,,,"GIS3 Xe thickness in cm" Detector_ID,i,h,0,,,"sensor ID (0-3)" CHIPMASK_0,b,h,no,,,"mask SIS region map with Chip-0?" CHIPMASK_1,b,h,no,,,"mask SIS region map with Chip-1?" CHIPMASK_2,b,h,no,,,"mask SIS region map with Chip-2?" CHIPMASK_3,b,h,no,,,"mask SIS region map with Chip-3?" RMF_file,s,h,"default",,,"reference RMF file" S0C0_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s0c0g0234p40e0_512v0_8i.rmf",,,"rmf file for S0C0" S0C1_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s0c1g0234p40e0_512v0_8i.rmf",,,"rmf file for S0C1" S0C2_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s0c2g0234p40e0_512v0_8i.rmf",,,"rmf file for S0C2" S0C3_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s0c3g0234p40e0_512v0_8i.rmf",,,"rmf file for S0C3" S1C0_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s1c0g0234p40e0_512v0_8i.rmf",,,"rmf file for S1C0" S1C1_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s1c1g0234p40e0_512v0_8i.rmf",,,"rmf file for S1C1" S1C2_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s1c2g0234p40e0_512v0_8i.rmf",,,"rmf file for S1C2" S1C3_rmf,s,h,"/caldb/data/asca/sis/cpf/94nov9/s1c3g0234p40e0_512v0_8i.rmf",,,"rmf file for S1C3" S2_rmf,s,h,"/caldb/data/asca/gis/cpf/95mar06/gis2v4_0.rmf",,,"rmf file for GIS2" S3_rmf,s,h,"/caldb/data/asca/gis/cpf/95mar06/gis3v4_0.rmf",,,"rmf file for GIS3" Output_file,s,h,"a.arf",,,"output ARF file" Region_type,s,h,"Circle",,,"type of integrated region (FITS-file/Circle)" Region_file,s,h,"reg.fits",,,"selected region file" Center_X,r,h,0,,,"data region center x position (mm)" Center_Y,r,h,0,,,"data region center y position (mm)" Inner_radius,r,h,0,,,"data region inner radius (mm)" Outer_radius,r,h,3,,,"data region outer radius (mm)" SIS_region_rebin_X,i,h,1,,,"binning factor for SIS region map in x axis" SIS_region_rebin_Y,i,h,1,,,"binning factor for SIS region map in y axis" Position_type,s,h,"One-Point",,,"type of source position (FITS-file/One-Point)" Position_file,s,h,"pos.fits",,,"source position file" Source_X_pos,r,h,0,,,"source x position (mm)" Source_Y_pos,r,h,0,,,"source y position (mm)" SIS_position_rebin_X,i,h,1,,,"binning factor for SIS position map in x axis" SIS_position_rebin_Y,i,h,1,,,"binning factor for SIS posotion map in y axis" SIS_kobu,b,h,no,,,"Whether to multiply "kobu" factor by SIS ARF" DEBUG,i,h,0,,,"debug flag" clobber,b,h,no,,,"Overwrite output file if it already exists ?" mode,s,h,"ql",,,"" $3 $3$G %-%c %j%V %l!< %7%g%s!& %U%! %$%k $N CV$- >l =j $J$I $O 1’Ch 8& $G$N @_ Dj$K $J$C $F$$ $^ $9$N $G!" B>$N 5! 4X$G $O %j %j!<%9A0$KE,Ev$K=q$-D>$7$F$*$/I,MW$,$"$j$^$9!# 1’Ch8&$G$O jbldarf-2.10.tar.gz $OE83+$5$l$F /adsoft/jbldarf/ $N2<$KCV$+$l$F$$$F!" jbldarf-2.10/ $OC1$K 2.10/ $H rename $5$l$F$$$^$9!#%5%s%W%k$H$J$k jbldarf.par $O /adsoft/jbldarf/2.10/ $K$"$j$^$9!# 5

Bh 2 >O $O$8$a$F$N jbldarf $3$N>O$G$O jbldarf-2.10 $N4JC1$J;H$$J}$K$D$$$F@bL@$7$^$9!# $^ $:!" %Q %i %a!< %? %U%! %$ %k $r <+ J, $N $LOCPFILES NN 0h $K %3 %T!< $7 $F 2< $5 $$!# %Q %i %a!< %? %U%! %$ %k $, $I $3 $K$"$k$+$O!"$"$J$?$,$* ;H$$$N7W;;5!$K jbldarf $r%$%s%9%H!<%k$7$??M$KJ9$$ $F2<$5$$!#$J$*!" jbldarf-2.10 $N%Q%i%a!<%?!<!&%U%!%$%k$O jbldarf-2.10 $h$j8E$$%P!<%8%g%s$H$N8_49@-$,$"$j$^$;$s$N$GCm0U$,I,MW$G$9!# %Q%9$,@5$7$/@Z$C$F$"$l$P!"%3%^%s%I%i%$%s$+$i jbldarf $HBG$D$@$1$G jbldarf $,5/F0$G$-$^$9!# \CMD > " $H$$$&%W%m%s%W%H$KB3$1$F \show" $HBG$D$H<!$N$h$&$J%a%C%;!<%8$,JV$5$l$^$9!# CMD> show ++================================++ || jbldarf: Parameters and Status || ++================================++ Integrated Region Region type : Circle Center X (mm) : 0.0000000000000000 Center Y (mm) : 0.0000000000000000 Inner radius (mm) : 0.0000000000000000 Outer radius (mm) : 3.0000000000000000 Target Position Position type : One-Point Source X pos (mm) : 0.0000000000000000 Source Y pos (mm) : 0.0000000000000000 Map Rebinning (for SIS only) Region map X-axis : 1 Region map Y-axis : 1 Position map X-axis : 1 Position map Y-axis : 1 Detector ID Sensor : SIS-0 Chip Mask (for SIS only) Masking chip(s) : No Mask Kobu (for SIS only) "Kobu" factor : NOT mutiplyed File Specification RMF file name : /caldb/data/asca/sis/cpf/94nov9/s0c1g0234p40e0_512v0_8i.rmf (default) Output file name : a.arf XRT PSF XRT PSF type : Table EA table file name : /caldb/data/asca/xrt/bcf/xrt_ea_110494.fits PSF table file name : /asca/caldb/xrt_psf_V1.1.fits Calculated at : Each energy bin 6

CMD: ********** Command ********** Show-Parameters Region-Type Integrated-Region Position-Type Target-Position Map-Rebinning Detector-ID Chip-Mask Kobu-for-SIS File-Specification XRT-PSF-Type Build-ARF Exit Quit CMD: Select 1 Option CMD> $3$N%a%C%;!<%8$K$O jbldarf $G@_Dj2DG=$JA4$F$N%Q%i%a!<%?$H$=$N%9%F!<%?%9$,4^$^$l$F$$$^$9$N$G!" \CMD > " $H $$ $&%W %m %s %W %H$K B3 $1 $F \show" $HBG $F $P!" $$ $D$G $b 8= :_ $N%Q %i %a!< %?!< $NCM $r %A%’%C %/ $9$k $3 $H $,$G $- $^ $9!# jbldarf $G%f!< %6!<$, @_Dj$9 $k$N $O \Integrated Region" !" \T arget Position" !" \Detector ID" !" \File Sp eci�cation" !" \XR T PSF" $H$$$&#5$D$N9‘L\$G!" SIS $N>l9g$K$O$3$l$K2C$($F%*%W%7%g%s$H$7$F \Map Re- binning" !" \Chip Mask" !" \Kobu-for-SIS" $H$$$&#3$D$N9‘L\$r@_Dj$9$k$3$H$,$G$-$^$9 1 !# jbldarf $G@Q J,NN 0h$d %?!<%2%C %H$N 0L CV$r ;XDj $9$k ;~$K $O DETX/DETY :BI8 7O$r ;H$$ $^$9!# XSELECT $G XYNAME $K DETX/DETY $r;XDj$7$F \bin image" $7!"$G$-$? image $r SAOIMA GE $GFI$a$P DETX/DETY :BI8 7O$G $N%?!< %2%C%H $N0L CV$, pixel C1 0L$G F@$i $l$^ $9!# jbldarf $NF~ NO$K$O $3$l $r \mm" $KJQ 49$7 $?$b $N$r MQ$$$^$9 ( %;%/%7%g%s 3.1.1) !# 2.1 In tegrated Region Integrated Region $G$O!" %?!<%2%C%H$N %U%i%C%/%9 $r=8@Q$9 $k;~$N@Q J,NN0h$N Cf?4$H$= $NBg$-$5 $r;XDj$7 $^ $9!#C"$78=;~E@$G$O$^$@0J2<$NE@$KCm0U$,I,MW$G$9!# XR T $G E@8; $r8+ $?>l 9g!"3F Quadrant $KBP 1~$7 $F#4 Kg$N 1)$,$G $-$^ $9!#<B :]$K $O#4 Kg$N1) $N$= $l$> $l$G %( %M %k %.!<!& %l%9 %] %s %9 $, 0[ $J $j$^ $9 $,!" 8= :_ $N XR T $N 1~ Ez 4X ?t $K$O $3 $N 8z 2L $, 4^$^ $l $F $* $i $:!" 3Q EYJ} 8~ $K @Q J,$7 $FJ? 6Q$7 $? ;~$N $_@5 $7$$ 1~ Ez$, F@$i $l$k $h $&$K $J$C$F $$ $^$9!# jbldarf $G $O$3 $NE@ $r 9MN8 $7!"1_!" $^$? $O 1_4D >u $N@Q J,NN 0h $7$+ A* $Y$J $$$h $& $K$J$C $F $$$^ $9!# $^$? @QJ, NN 0h$N Cf ?4$, %?!<%2%C %H $N0L CV $HF1 $8 $G$J $$ >l9g $K$O!" =PMh>e $,$C$? ARF $N @:EY$O J]>Z$5 $l$^ $;$s!# XSELECT $G \bin sp ectrum" $9$k:] $K$O $3$NE@ $K Cm0U$7$F2<$5$$!# @QJ,NN 0h$r;XDj$9$k%b!<%I$K F~$k$K$O!" \CMD > " %W%m%s%W%H$K B3$1$F \integ" $HBG$A$^$9!#$=$&$9 $k$H%W %m%s%W%H$, \REG > " $KJQ$o$j$^$9!# 2.1.1 pixel $+$i mm $X$NJQ49 $3 $3$G8! =P4o>e $G$N@Q J,NN0h $NCf?4 $H307B ( I,MW$J $iFb7B $b ) $r \mm" C10L $GF~NO $7$^$9!# JQ49$K I,MW$J %Q %i%a!<%?!<$O0J2<$NDL$j$G$9!# (a) pixel $NBg$-$5 : 0.027mm/pixel for the SIS 0.250mm/pixel for the GIS (b) 8!=P4o$NCf?4:BI8 (DETX, DETY) : (640.5 pixel, 640.5 pixel) for the SIS (128.5 pixel, 128.5 pixel) for the GIS B3$$$F SIS !" GIS $=$l$>$l$K$D$$$F!"0J2<$K4JC1$JNc$r<($7$^$9!# 1 jbldarf-0.45 $^$G$O8!=P4o$N calibration $NL\E*$G3F detector $N8w<40LCV$rJQ$($k$3$H$,$G$-$^$7$?$,!"%P!<%8%g%s 0.50 0J9_$O \teldef " %U%!%$%k$+$i<+F0E*$KFI$_9~$^$l$k$h$&$K$J$j$^$7$?!# 7

2.1.2 SIS $N>l9g SAOIMA GE $GFI$_$H$C$?@QJ,NN0h$NCf?4$, (715 pixel, 678 pixel) !"H>7B$, 185 pixel $N>l9g!" X: (715-640.5) * 0.027 = 2.01 mm, Y: (678-640.5) * 0.027 = 1.01 mm, R: (185+ 0.5) * 0.027 = 5.01 mm, $H$J$j$^$9!# \REG > " $H$$$&%W%m%s%W%H$KB3$1$F REG> x 2.01 y 1.01 o 5.01 $HBG$F$P@QJ,NN0h$,;XDj$G$-$^$9!#$b$7Fb7B$, 2.00mm $@$C$?$i REG> x 2.01 y 1.01 i 2.00 o 5.01 $HBG$F$P OK $G$9!# 2.1.3 Example for the GIS SAOIMA GE $GFI$_$H$C$?@QJ,NN0h$NCf?4$, (137 pixel, 133 pixel) !"H>7B$, 20 pixel $N>l9g!" X: (137-128.5) * 0.25 = 2.13 mm, Y: (133-128.5) * 0.25 = 1.13 mm, R: ( 20+ 0.5) * 0.25 = 5.13 mm, $H$J$j$^$9!# \REG > " $H$$$&%W%m%s%W%H$KB3$1$F REG> x 2.13 y 1.13 o 5.13 $HBG$F$P@QJ,NN0h$,;XDj$G$-$^$9!#$b$7Fb7B$, 2.00mm $N>l9g$K$O REG> x 2.13 y 1.13 i 2.00 o 5.13 $HBG$F$P OK $G$9!# 2.1.4 Region Map < U > jbldarf $G$O@QJ, NN0h$r%$ %a!<%8 FITS %U%!%$%k$+ $iFI$_9~ $‘$3$H$,$G $-$^$9!#$3 $N%U%!%$%k$r NN0h%U%!%$ %k$H8F$S$^$9!#8=:_$ONN0h%U%!%$%k$r:n$k$?$a$K makemap $H$$$& to ol $,MQ0U$5$l$F$$$^$9!# /adsoft/jbldarf/2.10/{ulx,osf}/makemap. ;H$$J}$O%3%^%s%I%i%$%s$+$i makemap $HBG$F$P8+$k$3$H$,$G$-$F!" usage: makemap teldef cent-x cent-y r-out [r-in] (mm) $H$J$j$^$9!# GIS !" SIS $=$l$>$l$K$D$$$F \teldef " %U%!%$%k$r;XDj$9$kI,MW$,$"$j$^$9$,!"$3$l$O /caldb/data/asca/sis/bcf/s0_teldef_070294.fits s1_teldef_070294.fits gis2_ano_on_flf_180295.fits gis3_ano_on_flf_180295.fits $K CV$+ $l$F $$$^ $9!# =>$C$F!" %;%/ %7%g%s 3.1.2 $N SIS $N @QJ, NN 0h$r I=$9 NN0h %U%! %$%k \region.�ts" $r SIS-0 $K $D$$$F:n$k$K$O makemap /caldb/data/asca/sis/bcf/s0_teldef_070294.fits 2.01 1.01 5.01 2.00 > region.fits 8

$H $7 $^ $9!# $3 $N region.�ts $O SAOIMA GE $G 8+ $k $H $o $+ $k $h $& $K!" @Q J, NN 0h $K 4^ $^ $l $k %T %/ %; %k $K $O 1 $,!" 4^$^$l$J$$%T%/%;%k$K$O 0 $,F~$C$?%$%a!<%8 FITS %U%!%$%k$G$9!# jbldarf $K$3$N%U%!%$%k$rFI$^$;$k$K$O0J2<$N$h$&$K$7$^$9!#$^$: \CMD > " %W%m%s%W%H$KB3$1$F \region" $HF~NO$7$^$9 (Region-Type $N>JN, ) !# CMD> region $9$k$H0J2<$N$h$&$J%a%C%;!<%8$,=P$F!"%W%m%s%W%H$, \TYP > " $KJQ$o$j$^$9!# TYP: ********** Region Type ********** FITS-file Circle TYP: Select 1 Option TYP> $3 $3 $G \�ts" $H BG$C $F \FITS-�le" $N J}$r A* $s $G 2< $5 $$!# \CMD > " %W %m %s %W %H$N >u BV $K La$C $F \in teg" $H BG $F $P!":# :n$C$? NN 0h%U%! %$%k $r F~NO $9$k $3$H $, $G$- $^$9!# $? $@$7 SIS $N >l9g $K $O%$ %a!<%8 $N %T%/ %;%k ?t$, B? $$ $? $a!" ARF $r :n $k;~ $K!" >l 9g $K $h$C$F $O KD Bg $J ;~4V $, $+ $+ $k $3 $H$, $" $j $^ $9!# $3$N $? $a jbldarf $K $O %$ %a!< %8$rG$0U$NBg$-$5$G%S%s$^$H$a$9$k5!G=$,$"$j$^$9 ( %;%/%7%g%s 3.6) !# 2.2 T arget P osition %?!<%2%C%H$N0LCV$r;XDj$9$k$K$O0J2<$NFsDL$j$NJ}K!$,$"$j$^$9!# 2.2.1 One-P oin t $3$N J}K!$OE@ 8;$KBP$7 $F$N$_M- 8z$G!"E@8;$N 0LCV$r8! =P4o>e$N :BI8$G<j$G F~NO$7$^ $9!#:G=i$K show %3%^ %s %I$G Position t yp e $N %9%F!<%? %9$, \One-Poin t" $K $J$C$F$$ $k$3 $H$r 3NG’ $7$F2< $5$$!# $b$7 $=$& $G$J $$>l9g $K $O \CMD > " %W%m%s %W%H$,=P$F $$$k>uBV$G \p osition" $HF~NO$7$F 2<$5$$ (\P osition-T ype" $N>JN,7A ) !# $9$k$H <!$N$h$&$J%a%C%;!<%8$,=P$^$9!# CMD> position TYP: ********** Position Type ********** FITS-file One-Point FFT-FITS-file XRT-PSF TYP: Select 1 Option TYP> $3$3$G \one" $HBG$C$F One-Poin t $rA*Br$7$^$9!# TYP> one CMD: ********** Command ********** Show-Parameters Region-Type Integrated-Region Position-Type Target-Position Map-Rebinning Detector-ID Chip-Mask File-Specification XRT-PSF-Type Build-ARF Exit Quit CMD: Select 1 Option 9

CMD> $3$l$G%?!<%2%C%H$N0LCV$rF~NO$G$-$^$9!# \CMD > " $K0z$-B3$$$F \target" $HF~NO$9$k$H%W%m%s%W%H$, POS > $KJQ$o$j$^$9!#$3$N>uBV$G%?!<%2%C%H$N0LCV$r \mm" C10L$G0J2<$N$h$&$KF~NO$7$^$9!# POS> x 2.01 y 1.01 %T%/%;%k$+$i mm $X$NJQ49$O%;%/%7%g%s 3.1.1 $K<($7$?DL$j$G$9!# 2.2.2 FITS �le @QJ,NN 0h$r;XDj$9$k>l9g$HF1MM $K!"%?!<%2%C%H$N0LCV$b%$%a!<%8 FITS %U%!%$ %k$+$iF~NO$9$k$3$H$,$G $-$^ $9!# 0J 2<$G $O $3 $N %U%!%$ %k $r !V%?!< %2%C%H!& %^%C %W!W $H8F $V $3 $H $K$7 $^ $9!# %?!< %2%C%H!& %^%C %W $N 3F%T %/ %; %k $O 0 !A 1 $N 4V $N CM$r ;}$C $F $$ $F!" jbldarf $O %?!<%2%C %H 0L CV $r $3$N =E $_ $G J? 6Q$7 $F ARF $r :n $j $^ $9!#$3 $N @- <A$O 1. E@8;$N>l9g$K$O!"1R@1$N;Q@*JQF0$KH<$&;kLn$NMI$l 2. 9-$,$C$?%=!<%9$N>l9g$K$O!"I=LL51EYJ,I[ $r ARF $N7W;;$KH?1G$5$;$k$N$K;H$o$l$^$9!# $^$: \CMD > " %W%m%s%W%H$KB3$$$F p osition $HF~NO$7$F2<$5$$!#$9$k$H CMD> position TYP: ********** Position Type ********** FITS-file One-Point FFT-FITS-file XRT-PSF TYP: Select 1 Option TYP> $H $$$& %a%C %;!< %8$, JV$C $F$- $^ $9!# %?!<%2%C %H!& %^%C%W $K ;X Dj$G $- $k$b $N $H $7$F $O #3<o N‘ $,$" $j $^ $9!#$3 $N 0c $$$K$D$$$F$O%;%/%7%g%s 3.2.2 !"$*$h$S 3.3.2 $r;2>H$7$F2<$5$$!#$3$3$G$O$H$j$"$($: \FITS-�le" $rA*$S$^$9!# TYP> FITS CMD: ********** Command ********** Show-Parameters Region-Type Integrated-Region Position-Type Target-Position Map-Rebinning Detector-ID Chip-Mask File-Specification XRT-PSF-Type Build-ARF Exit Quit CMD: Select 1 Option CMD> $3$3$G target $HF~NO$9$l$P%?!<%2%C%H!&%^%C%W$NL>A0$rJ9$$$F$-$^$9$N$G!"E,Ev$KF~NO$7$^$9!# CMD> target Source position filename: ./pos.fits ? @Q J, NN 0h $N >l 9g $H F1 MM!" SIS $G %?!< %2%C %H!& %^%C %W $r FI $^ $; $? >l 9g $K $b 7W ;; ;~ 4V $, KD Bg $K $J $k $3 $H $, $" $j $^ $9!#$3 $N $h$& $J >l9g $K$O %?!< %2%C%H!& %^%C %W$N %T %/%; %k $rE, Ev$K %S %s$^ $H $a$9 $k $3$H $G ;~4V $r C;=L $9$k $3 $H $,$G$-$^$9 ( %;%/%7%g%s 3.6) !# 10

2.3 Detector ID CMD > %W %m %s %W %H $, =P $F $$ $k >u BV $G detector $H BG $D $H detector $N ID $r JQ $( $k $3 $H $, $G $- $^ $9!# A* Br ;h $O 0 !" 1 !" 2 !" 3 $N$$$:$l$+$G!"$=$l$>$l SIS-0 !" SIS-1 !" GIS-2 !" GIS-3 $KBP1~$7$^$9!# 2.4 File Sp eci�cation ARF $r :n $k;~ $K ;2 >H $9 $k RMF $H =P NO $N ARF $N%U%! %$ %k L> $r ;X Dj $7$^ $9!# CMD > %W %m %s %W %H $, =P $F$$ $k>uBV$G �le $HF~NO$7$^$9!#$9$k$H<!$N$h$&$JEz$,JV$C$F$-$^$9!# RMF filename: default ? $3$3$G2?$b;XDj$;$:$K%j%?!<%s!&%-!<$r2!$9$H default $,A*$P$l!" jbldarf.par $K=q$+$l$F$$$k RMF $N$&$A!" %;%/%7%g%s 3.3 $G;X Dj$7$? Detector ID $KBP1~$9$k$b$N$,<+ F0E*$KFI$_9~$^$l $^$9 2 !# $3$l$rJQ99$7$?$$;~ $K$O $3$3$K RMF $N%U%!%$%kL>$r=q$1$P OK $G$9!# B3$$$F:n$i$l$k ARF $N=PNO@h$r Output response filename: a.arf ? $H$$$&$U$&$KJ9$$$F$-$^$9$N$G!"E,Ev$KEz$($F2<$5$$!# 2.4.1 SIS $N RMF 1’Ch8&$G$O SIS $NI8=‘E*$J RMF $O /rukio/h1/sis/rsp1.1alpha/rsp/ $K CV$+ $l$F $$ $^$9!# $3$3 $K CV$+ $l$F $$ $k RMF $N>\ :Y$K $D $$$F $O SIS %A!<%‘ $N ?M$K J9 $$$F 2<$5 $$!# $^$? <+J, $G SIS $N RMF $r:n$k$?$a$K sis bldrsp2 $H$$$& to ol $,MQ0U$5$l$F$$$^$9!# sis bldrsp2 $G \Disable-XR T-data" $rA*Br$7!"=PNO$H$7$F \FITS-F ormat" $rA*$Y$P RMF $r:n$k$3$H$,$G$-$^$9!# sis bldrsp2 $O1’Ch8&$G$O < U > /adsoft/sis_bldrsp2/latest/ulxbin/sis_bldrsp2 for ULTRIX, /adsoft/sis_bldrsp2/latest/osfbin/sis_bldrsp2 for OSF/1, $KCV$+$l$F$$$^$9!#>\$7$$;H$$J}$K$D$$$F$O README $rFI$‘$+!" SIS %A!<%‘$N?M$KJ9$$$F2<$5$$!# 2.4.2 GIS $N RMF < U > GIS $N 1024ch $N:G?7$N RMF $O /caldb/data/asca/gis/cpf/95mar06/gis2v4_0.rmf /caldb/data/asca/gis/cpf/95mar06/gis3v4_0.rmf $KCV$+$l$F$$$^$9!# 2.5 XR T $N PSF < N > 2~NI$5$l$? Ray-tracing %W%m%0%i%‘$K$h$k?7$7$$ XR T $N PSF $,8x3+$5$l$F$$$^$9 3 !# jbldarf $G$O%f!<%6!< $,=> Mh$N PSF $H ?7$7$$ PSF $r A*Br $G$- $k$h$& $K$J$C $F$$$^ $9!# CMD > %W%m %s%W %H$KB3 $$$F xrtpsf $H F~NO$9 $k$H0J2<$N$h$&$J%a%C%;!<%8$,JV$C$F$-$F!" PSF $NA*Br$,$G$-$^$9!# 2 SIS $GJ#?t$N%A%C%W$K8Y$k ARF $r:n$k>l9g ( %;%/%7%g%s 3.7) !"HV9f$N0lHV>.$5$$%A%C%W$KBP1~$9$k RMF $,FI$_9~$^$l$^$9!#$b$7%A%C %W$rA*Br$7$F$$$J$$>l9g$K$O SIS-0 !" SIS-1 $KBP$7$F$=$l$>$l%A%C%W 1 !"%A%C%W 3 $N RMF $,FI$_9~$^$l$^$9!# 3 XR T %A!<%‘$K$h$k 11

CMD> xrt-psf PSF: ********** XRT PSF Type ********** Analytic Table PSF: Select 1 Option PSF> $3 $3 $G Analytic $H$$ $& $N $,8E $$ PSF !" T able $, ?7 $7$$ PSF $G $9!# Ia DL$N 2r @O $K $O?7 $7 $$ J}$r ;H $& $?$a!" ta- ble $H F~NO$7$^ $9!#$9$k$H 0J2<$N$h $&$K!"M-8z LL@Q$N%F!< %V%k%U%!%$%k L>!" PSF $N%F!<%V%k %U%!%$%kL>!" PSF $r7W;;$9$k%(%M%k%.!<%9%F%C%W$r=gHV$KJ9$$$F$$$^$9!# PSF> table XRT effective area table file name: /caldb/data/asca/xrt/bcf/xrt_ea_110494.fits XRT PSF table file name: /asca/caldb/xrtpsf95a.fits ? Energy step in keV for XRT PSF calculation: 0.0 ? M-8zLL@Q $N%F!<%V%k$H PSF $N%F!< %V%k$O!"IaDL$N 2r@O$G$O%G%U%) %k%H$N$^$^$G $$$$$N$G6u%j %?!<%s$7$^$9!#%( %M%k%.!<%9%F%C%W$K 0 $r;XDj$9$k$H!" jbldarf $O RMF $HF1$8%(%M%k%.!<%9%F%C%W$G PSF $r7W;;$7$^$9!#7W;; B. EY$r >e$2 $?$$ >l9g $K $O$3 $3$G @5$N ?t$r F~ $l$F 2<$5 $$!# 1.0 $rF~ $l$l $P PSF $N 7W;; $O 1.0keV 9o $_ $G9T $J$o $l $^$9!# 2.6 %^%C%W$N%S%s$^$H$a (SIS $N$_ ) NN0h %U%!%$%k$d %?!<%2%C%H!&%^%C %W$N%T%/%; %k$r$^$H $a$F$+$i ARF $r7W ;;$5$;$k $K$O \CMD > " %W%m%s%W %H$K$D$E $$$F map $HF~NO$7$^ $9!#$9$k$H0J2< $N$h$&$J%a%C%;!<%8 $,JV$C$F$-$^$9 $N$G!"$^$H$a$k %T%/%;%k$N?t $rF~NO$7$^$9!# CMD> map MAP: -----<< Map Rebinnig Factor (for SIS only) >>----- RX-Region 1 RY-Region 1 PX-Position 1 PY-Position 1 MAP: Press <ENTER> to Accept MAP> Nc$( $PNN 0h%U%! %$%k $O X/Y $H$b 8 %T %/%;%k $4$H $K$^ $H$a!" %?!<%2%C %H!&%^%C%W $NJ} $O 16 %T%/ %;%k $4$H $K$^$H $a$?$$>l9g$K$O MAP> rx 8 ry 8 px 16 py 16 ok $H$7$^$9!#$b$A$m$s X !" Y JL!9$NBg$-$5$G$^$H$a$k$3$H$b2DG=$G$9!# $3 $N$h$&$J%S %s$^$H$a $NA‘:n$N $?$a$K!"7k 2L$N ARF $,JQ$o$C $F$/$k$3 $H$,$"$j $^$9$,!"$^ $H$a$kBg$- $5$r $$ $m $$$m JQ $( $F $_$F 1F 6A $rD4 $Y $F 2< $5$$!# 7W ;; B. EY$O Ev A3 Aa$/ $J $j $^ $9!#$J $*!" $3 $N @_Dj $O SIS $N ARF $r :n $k;~$N$_ M-8z$G!" GIS $N ARF $r:n$k;~ (Detector ID $, 2 $^ $?$O 3 $H$J$C$F$$$k ;~ ) $K$O2? $,@_Dj$7$F$"$C$F $bL5;k$5$l$^$9!# 12

2.7 2/4CCD %b!<%I$G$N ARF 2CCD %b!<%I!"$" $k$$$O 4CCD %b!<%I $N4QB,$G PI %3 %i%‘$r;H$C $F!"%9%Z%/ %H%k$r B-$7>e$2 $k>l9g$N ARF $N:n$jJ}$r@bL@$7$^$9!#<!$N$h$&$J#2DL$j$NJ}K!$,$"$j$^$9!# 2.7.1 Chip Mask Chip Mask 5! G=$r;H $&$H!" One-p oint $^$? $O%$ %a!<%8 FITS %U%!%$ %k$K $h$C$FA* $P$l$? @QJ, NN0h$H!" %A%C %W$H $N%$ %a!<%8 $N@Q$r $H$k $3$H$G!" FCDj $N chip $N$_$N ARF $r :n$k $3$H $,$G$- $^$9!# \CMD > " %W %m%s%W %H$K 0z$-B3$$$F chip $HF~NO$7$F2<$5$$!# CMD> chip MSK: -----<< Chip Mask (for SIS only) >>----- No-Mask 0 1 2 3 MSK: Select 0 or More, Then OK MSK> 2CCD %G %U%) %k %H0L CV $N4Q B, $GF@ $i $l$? PI %A%c %s %M %k$N %9 %Z%/ %H %k$r 07 $&$K $O SIS-0 $G $O %A%C%W 1 $H %A%C %W 2 $r9g$o$;$? ARF $,I,MW$K$J$j$^$9!#$3$N>l9g$K$O MSK> 1 2 ok $H F~ NO $7 $F ARF $N 7W ;; $K 4^ $a $k %A%C %W ( $3 $N >l 9g $O 1 $H 2) $r ;X Dj $7 $^ $9!# $b $7 %A%C %W 1 $@ $1 $N ARF $, M_ $7 $1$l$P MSK> 1 ok $H$9$l$P OK $G$9!#F1MM$K 4CCD %b!<%IMQ$N ARF $O MSK> 0 1 2 3 ok $G:n$k$3$H$,$G$-$^$9!# Chip Mask $G$O%A%C%W4V$N9B$K$h$k<B8zE*$JM-8zLL@Q$NDc2<$r@5$7$/I>2A$7$^$9!# $3 $l$K BP$7 $F \No-Mask" $rA* Br $9$k $H jbldarf-0.50 0JA0 $HF1 MM$N F0:n $r$7!" %A%C %W4V $N9B $,$" $k$3 $H$r 9M N8 $7 $^$; $s $N $G!" XR T $NM- 8z LL @Q $, 3[ LLDL $j $K <h $j 9~ $^ $l!"7k 2L E* $K %=!< %9 $N%U %i%C %/ %9 $, >. $5 $a$K =P $F $-$^$9!# 2.7.2 Chip Maps %-%c%j%V %l!<%7%g%s!&%G!<%?!<!&%Y!<%9$K$O chip map $H8F$P$l$k%$%a!<%8$,F~$C $F$$$^$9!#$3$l$O SIS $N 3F %A%C%W $, DETX/Y >e $N $I$N 0L CV $r@j $a $k $+$r I= $9 %^%C%W $G!" 3F%A%C %W $4 $H$K!" %A%C %W $K$+ $+$C $F $$$k %T %/ %;%k$K$O 1 $,!"%A%C%W$+$i30$l$F$$$k%T%/%;%k$K$O 0 $,F~$C$?%^%C%W$K$J$C$F$$$^$9!#$3$N chip map $H mak emap $K$h$C$F:n$i$l$kNN0h%U%!%$%k$N@Q$r$H$k$3$H$G!"L\E*$H$9$k%A%C%W$N$_$N ARF $r:n$k$3$H$,$G$-$^$9!# %$%a!<%8 FITS %U%!%$%kF1;N$K;MB’1i;;$r;\$9 to ol $H$7$F$O farith $,$"$j$^$9!#;H$$J}$O farith <input region file> <chip map> <resulting region file> mul $G $9!# $3 $3 $G \mul" $O %$ %a!< %8 $N BP 1~ $9 $k %T %/ %; %k F1 ;N $N \and" $r $H $k $3 $H $r 0U L# $7 $F $$ $^ $9!# Nc $( $P NN 0h %U%!%$%k circle.�ts $N$&$A!" S0C1 $K$+$+$C$F$$$k ItJ,$N$_$r$H$j$@$7$F result.�ts $H$$$&NN0h%U%!%$%k$r:n $j $?$$;~$O0J2<$N$h$&$K$7$^$9!# farith circle.fits s0c1.fits result.fits mul G0$N $?$a SAOIMA GE $J$I$G result.�ts $r 8+$F!"L\E* DL$j$N NN0h%U%! %$%k$K$J$C $F$$$k $+$I$& $+3NG’$7 $F2<$5 $$!# $^ $?!" Chip Map $r ;H $&;~ $K $O Chip Mask $N %9 %F!< %? %9$, \No-Mask" $K $J$C $F $$ $k$3 $H $r 3N G’ $7$F 2< $5$$!# 13

2.8 2k eV IU6a$N!V$3$V!W (SIS $N$_ ) < N > !V$"$9 $+!W$N1~Ez4X ?t$K$O!" 2k eV IU6a$K 860xITL@$N !V$3$V!W$N$h$& $J9=B$$,$" $k$3$H$,CN $i$l$F$$$^ $9!# SIS ARF $r:n@.$9$k;~$K$O!"$3$N9=B$$r ARF 7W;;$K:N$jF~$l$k$+$I$&$+$rA*Br$9$k$3$H$,$G$-$^$9 4 !# \CMD > " %W%m%s%W%H$K$D$E$$$F kobu $HF~NO$9$k$H0J2<$N$h$&$J%a%C%;!<%8$,JV$C$F$-$^$9!# CMD> kobu Multiply "kobu" factor by SIS ARF (Y/N): N ? $3$3$G!V$3$V!W$r ARF $K:N$jF~$l$?$$$J$i!" Multiply "kobu" factor by SIS ARF (Y/N): N ? y $HF~NO$7$^$9!#!V$3$V!W$r:N$jF~$l$?$/$J$+$C$?$i \y" $NBe$o$j$K \n" $HF~NO$7$^$9!# 2.9 Building the ARF resp onse 0J>e$NA4$F$N@_Dj$,=*$C$?$i \CMD > " %W%m%s%W%H$KB3$1$F \build" $HBG$F$P7W;;$,;O$^$j$^$9!#$b$7$&$^ $/ ARF $,$G$-$J$$;~$d!"%=%U%H$,860xITL@$N0[>o=*N;$r$9$k$H$-$O@’HsO"Mm$r2<$5$$!# W e Need F eedbac k !! 4 !V$3$V!W$O RMF $H ARF $N $I$A $i$+ 0lJ} $K$@ $1F~$C $F$$ $k$N $,@5 $7$$ >uBV $G$9!# ARF $K !V$3$V!W $r:N $jF~ $l$? >l9g $K$O !V$3$V!W $N F~$C$F $$$J $$ RMF $r!" ARF $K!V$3 $V!W$r:N $jF~ $l$J$+$C $?>l 9g$K $O!V$3$V!W $NF~$C $F$$$k RMF $r!" $=$l $>$l AH$_9g $o$; $kI, MW$,$" $j $^$9!# 14

Bh 3 >O jbldarf-2.10 $r@5$7$/;H$&$?$a$K K\>O$O jbldarf $r$h$j$h$/M}2r$7!"3hMQ$7$?$$?M$N$?$a$N2r@b$G$9!# jbldarf $O!"$$$m$$ $m$J4QB,>r7o $d2r@OJ}K! $K$D$$$F!"BP 1~$9$k%l%9 %]%s%9$r7W ;;$9$k$3$H$, $G$-$^$9!#$7 $+$7!"!V$"$9 $+!W$N%l%9%]%s %9$O$^$@$^$@ 3+H/ES>e$G$" $j!"8=>u$G$OIT ==J,$JE@$bB?$$ $H46$8$F$$$^ $9 ( x 3.4 ;2 >H ) !# !V$"$9 $+!W$N 2r@O $G jbldarf $r ;H$o $l$k J}$K $O!"$< $R$H $b!"K\ >O$r 0l FI$J $5$C$F!" jbldarf $NFC D9$d <e E@$rF’$^$($?>e$G;H$C$F$[$7$$$H;W$$$^$9!# 3.1 ARF %U%!%$%k$H$O 3.1.1 XSPEC $H%l%9%]%s%9 jbldarf $, $I$N$h $&$J 7W;; $r9T $J$& $+$r8+ $kA0 $K!"4J C1$K %l%9 %]%s%9 $K$D $$$F $*$5 $i$$ $7$F$* $3$&!# %9%Z %/ %H%k%U%#%C%H$r9T$J$&>l9g!" XSPEC $O%b%G%k4X?t M[ E ] !" RMF %l%9%]%s%9 R[ PHA ; E ] !"$*$h$S ARF %l%9 %]%s%9 A[ E ] $+$i8!=P4o$G$N8!=P$,M=A[$5$l$k PHA %9%Z%/%H%k S[ PHA ] $r<!$N$h$&$K7W;;$9$k 1 !# S[ PHA ] = X E R[ PHA ; E ] A[ E ] M[ E ] XSPEC $O!"$3$N S[ PHA ] $H4QB,$5$l$? PHA %9%Z%/%H%k$,9g$&$h$&$K%b%G%k4X?t$N%Q%i%a!<%?$rD4@0$9$k 2 !# %l %9%] %s %9$r $3$N $h$& $K 2 $D $K$o $1$k MxE@ $O!" %l%9 %]%s %9$N $&$A 4Q B,$d 2r@O $NJ} K! $K0M B8$7 $J$$ ItJ, $d!" %;%s%5 4V$G6&DL$J ItJ,$r6&M- $9$k$3$H$, $G$-$kE@$K $"$k 3 !# $3$&$9$k$3 $H$G!"%l%9%] %s%9$N7W;; $K$+$+$k;~ 4V$r C;=L$G$-!"$5$i$K%G%#%9%/NN0h$b@aLs$9$k$3$H$,$G$-$k!# M> CL $K$J $k $,!" >e$N <0 $G $O!"$$ $o $f$k 8! =P 4o$N 1~ Ez 4X?t $K Aj Ev$9 $k $b$N $O R[ PHA ; E ] A[ E ] $H$$ $& @Q $N7A $GI=8= $5$l$F$$ $k$?$a!" RMF %l%9%] %s%9$H ARF %l%9 %]%s%9$N Dj5A$NJ}K! $O0l0UE* $G$J$$ 4 !#<B :]$K$O!" SIS $N >l 9g!" X P H A R[ PHA ; E ] $O %( %M %k %.!< E $G $N 8! =P 8z N( $K Aj Ev $7!" ARF $O M- 8z LL @Q $N It J, $r <u $1 ;}$C $F $$ $k!# GIS $N >l 9g $K $O!" X P H A R[ PHA ; E ] $O 1 $K 5, 3J 2= $5 $l $F $* $j 5 !" ARF $, M- 8z LL @Q $H 8! =P 8z N( $N It J, $r <u$1$b$D$h$&$K$J$C$F$$$k!# 3.1.2 ARF %U%!%$%k$N9=B$ %l%9%] %s%9$,;W$C$?DL$j$K :n@.$G$-$?$+$I$&$+ $rD4$Y$k$K$O!" ARF %U%!%$%k $r$N$>$$$F$_$k$N $,0lHV$G$" $k!#$3$N@a$G$O!"$=$N$?$a$KI,MW$JCN<1$r$^$H$a$F$*$3$&!# 1 $=$N$O$:$G$"$k!#3N$+$a$?$o$1$G$O$J$$!# 2 <B:]$K$O!"%P%C%/%0%i%&%s%I$N:9$70z$-$J$I$b9T$J$o$l$k!# 3 <B:]!"8=>u$G$O GIS $N RMF %l%9%]%s%9$O!" GIS2 $H GIS3 $GF1$8$b$N$r;HMQ$7$F$$$k!# 4 Nc$($P!" RMF %l%9%]%s%9$r 2 G\$K$9$k$N$HF1;~$K ARF %l%9%]%s%9$r 2 J,$N 1 $K$9$l$P!"7k2L$H$7$FF1$81~Ez4X?t$rF@$k!# 5 %9%Z%/%H%k$, RMF $N%(%M%k%.!<%l%s%8$+$i$O$_=P$9>l9g$b$"$k$N$G!">o$K 1 $K$J$k$o$1$G$O$J$$!# 15

ARF %U%!%$%k$O FITS 7A<0$N%U%!%$%k$G:GDc 1 $D$N BINT ABLE extension $r;}$D!# fstruct 6 $G$_$F$_$k $H!"Nc$($P<!$N$h$&$K$J$C$F$$$k$O$:$G$"$k!# No. Type EXTNAME BITPIX Dimensions(columns) PCOUNT GCOUNT 0 PRIMARY 8 0 0 1 1 BINTABLE SPECRESP 8 20(5) 201 0 1 EXTNAME $, ’SPECRESP’ $H$J$C$F$$$k$H$3$m$, ARF $NK\BN$G$"$k 7 !# jbldarf $N>l9g$O!" 1st extension $K BINT ABLE $r:n$k$h$&$K$J$C$F$$$k!# $5$F!"$=$N BINT ABLE $K$O!":GDc$G$b<!$N 3 $D$N9‘L\$,$"$k$O$:$G$"$k!# ENER G LO, ENER G HI, SPECRESP ENERG LO !" ENERG HI $O$=$N%S%s$N%(%M%k%.!<HO0O$r7h$a!" SPECRESP $,$=$N%(%M%k%.!<HO0O$G$N A[ E ] $rM? $($k!# jbldarf $O$= $NB> $K!" EFF AREA, EXPOSURE $H $$$&9‘ L\$b ARF %U%!%$ %k$K =q$-=P $9$h $& $K$J$C$F$$$k!# EFF AREA $K$OL\0B$H$7$F$NM-8zLL@Q$,!" EXPOSURE $K$O SPECRESP $r EFF AREA $G 3d$C $?$b $N$, F~$C$F $$$k!# $$ $:$l $b!" XSPEC $G$O ;2>H $5$l $J $$$N $G%9 %Z%/ %H %k%U%#%C %H$K $OL5 4X78 $@ $,!"$D $/ $i $l $? ARF $N $@ $$ $? $$ $NMM ;R $r CN $j $? $$ ;~ $K $O JX Mx $G $" $k!# fplot 8 $G 0l EY$= $l $i $N 9‘ L\ $r %W %m%C %H $7 $F $_ $k$H$$$$$@$m$&!# 3.1.3 %X%C%@$N%-!<%o!<%I < U > jbldarf $O!" ARF %U%! %$%k :n@.;~ $N$5$^ $6$^$J >pJs $r ARF %U%! %$%k$N %X%C%@$K =q$- =P$9$h $&$K$J$C $F$$ $k!#%l%9%]%s%9$,2?$+JQ$@$H;W$C$?;~$O!"%X%C%@$rCm0U?<$/8+$F$_$l$P2?$,0-$+$C$?$N$+$o$+$k$3$H$,B?$$!# 0J2<$K jbldarf $, ARF $K=q$-=P$9 %X%C%@$N<g$J$b$N$N0lMw$H $=$NFbMF$r<($9!#$J$*!"0J2<$G $O!":BI8<4Kh $K=q $-=P $5$l$k $b$N $O ???X(Y) $J$I $H$7$F 0l3g $7$FI= 5-$7 $F$"$k!# $^$?!" 1&8* $K 2.00 $H$D$$ $F$$ $k%-!< %o!< %I$O!" jbldarf-2.00 $+$i?7$7$/F3F~$5$l$?$b$N$G$"$k!# %W%i%$%^%j%X%C%@ < U > DA TE $3$N ARF %U%!%$%k$r:n$C$?F| / 7n / G/ CREA TOR 2 : 00 $3$N ARF %U%!%$%k$r:n$C$??M$N%m%0%$%sL> 9 < U > AUTHOR jbldarf $N%P!<%8%g%s ORIGIN jbldarf working group SIS/GIS 6&DL$N%X%C%@ < U > NAXIS2 %(%M%k%.!<$N%S%s?t!#;2>H$7$? RMF $HF1$8?t$K$J$k!# TELESCOP DL>o ’ASCA’ !#;2>H$7$? RMF $+$i%3%T!<$9$k!# INSTRUME DL>o ’SIS0’ ’SIS1’ ’GIS2’ ’GIS3’ $N$$$:$l$+!#;2>H$7$? RMF $+$i%3%T!<$9$k!# DET ID ARF $r:n$C$?;~$N Detector-ID !# 0 $+$i 3 $NCM$r$H$k!# TELDEF 8!=P4o$N%"%i%$%a%s%H>pJs$r0z$CD%$C$F$-$? teldef %U%!%$%k 10 $NL>A0!# XRT EA XR T $NM-8zLL@Q$r0z$CD%$C$F$-$?%F!<%V%k$N%U%!%$%kL>!# PSFTYPE 2 : 00 XR T $N Poin t Spread F unction $N7W;;J}K!!# ’Analytic’ !" ’T able’ $N$$$:$l$+!# < N > PSFT ABLE 2 : 00 XR T $N Poin t Spread F unction $r 0z$C D%$C$F $- $? %F!< %V%k $N %U%! %$%k L>!# PSF-type $, ’T able’ $N;~$N$_=q$+$l$k!# < N > 6 FTOOLS $N%3%^%s%I$N$R$H$D$G!" FITS %U%!%$%k$N9=B$$rD4$Y$k$N$KLrN)$D!# 7 jbldarf-0.5 $h$jA0$N$b$N$G$O ’ARF’ $H$J$C$F$$$k!# 8 FTOOLS $N%3%^%s%I$N$R$H$D!# FITS $N%F!<%V%k$r%0%i%U$K$G$-$k!# 9 jbldarf-2.00 $h$jA0$O CREA TER $@$C$?$N$GCm0U!# 10 T elesc op e de�nition $NN,!#$b$H $b$H ASCALIN MQ$N %-%c%j%V%l!<%7%g %s%U%!%$%k!# jbldarf $G $O!" XR T :BI8!" 8!=P4o%_ %j%a!<%H %k:BI8!"8!=P4o%A%c%s%M%k:BI8$NAj8_JQ49$N$?$a$K;HMQ$9$k!# 16

PSFESTEP 2 : 00 XR T $N Poin t Spread F unction $r7W;;$9$k%(%M%k%.!<$N9o$_!#C10L$O keV !# PSF-type $, ’T able’ $N;~$N$_=q$+$l$k!# < N > FC X(Y) SCL 8!=P 4o>e $G$N X(Y) J} 8~3Q EY%9%1!< %k (arcmin/mm) !# teldef %U%!%$ %k$+ $i%3 %T!<$5 $l$k!# X/Y $GCM$,0c$C$F$$$?>l9g$N7W;;7k2L$OJ]>Z$G$-$J$$!# OPT AXISX(Y) 8!=P4o%_%j%a!<%H%k:B I8$G$N8w<4$N X(Y) 0LCV!# teldef %U%!%$%k$K$bF1MM $J%-!<%o!<%I$,$" $k$,!"1R@1:BI87O$G=q$+$l$F$$$k$N$GCm0U!# DET X(Y)CEN 8!=P4o%A%c%s%M%k:BI8$N X(Y) J}8~$NCf?4 ( %_%j%a!<%H%k:BI8$, 0 $H$J$k0LCV ) !# teldef %U%! %$%k$+$i%3%T!<$5$l$k!# DET X(Y)SCL 8!=P 4o>e $G$N X(Y) J} 8~%T%/ %;%k %5%$ %: (mm/pixel) !# teldef %U%! %$%k $+$i %3%T!< $5$l$k!# X/Y $GCM$,0c$C$F$$$?>l9g$N7W;;7k2L$OJ]>Z$G$-$J$$!# DETX(Y)PIX1 8!=P4o%A%c%s%M%k:BI87O$G$N X(Y) J}8~$N:G>.%T%/%;%kHV9f!# 1 $G8GDj!# REGTYPE ARF :n@.;~$N Region-type !# ’Circle’ !" ’FITS-�le’ $N$$$:$l$+!# REGCENTX(Y) %j!<%8%g%sCf?4$N X(Y) :BI8 (mm) !# Region-type $, ’Circle’ $N;~$N$_=q$+$l$k!# REGRIN %j!<%8%g%s$NFbH>7B (mm) !# Region-t yp e $, ’Circle’ $N;~$N$_=q$+$l$k!# REGROUT %j!<%8%g%s$N30H>7B (mm) !# Region-type $, ’Circle’ $N;~$N$_=q$+$l$k!# REGFILE Region-�le $NCM!# Region-type $, ’FITS-�le’ $N;~$N$_=q$+$l$k!# POSTYPE ARF :n@.;~$N Position-t yp e !# ’One-P oin t’ !" ’FITS-�le’ !" ’FFT-FITS-�le’ !" ’XR T-PSF’ $N $$$:$l$+!# POSCENTX(Y) 8!=P4o%_%j%a!<%H%k:BI8$G$N X(Y) J}8~%=!<%90LCV!# Position-t ype $, ’One-Poin t’ $N;~$N $_=q$+$l$k!# POSFILE Position-�le $NCM!# Position-t ype $, ’FITS-�le’ $+ ’FFT-FITS-�le’ $+ ’XR T-PSF’ $N;~ $N$_=q$+$l$k!# XRT OFF %=!<%90LCV$N XR T $N8w<4$+$i$NN%3Q (arcmin) !# XRT AZM %=!<%90LCV$N XR T $N8w<4$+$i$N J}0L3Q (degree) !#1R@1 :BI8>e$GDj5A$5$l $F$$$k$N$G!"8!=P 4o:BI8$G$O X <4$N@5J}8~$+$i;~7W2s$j$KB,$i$l$k$N$GCm0U!# SIS @lMQ$N%X%C%@ < U > REGRBINX(Y) %j!<%8%g%s%^%C%W$N X(Y) J}8~$N%S%s$^$H$a?t!# POSRBINX(Y) %]%8%7%g%s%^%C%W$N X(Y) J}8~$N%S%s$^$H$a?t!# Position-t ype $, ’FITS-�le’ $N;~$N$_=q$+ $l$k!# CHIPMASK %j!<%8%g %s%^%C%W $N%^ %9%/ $KMQ$$ $?%A%C %W$N CCD ID ( Nc : ’0 1 2 3’ ) !#%^ %9%/ $7$J $+$C$? ;~$O ’No Mask’ $H$J$k!# SIS KOBU 2 : 10 2k eV IU6a $N!V$3 $V!W$r ARF 7W ;;$K :N$jF~ $l$? $+$I $&$+!# :N$jF~ $l$? $i ’Multiplied’ !":N $j F~$l$J$+$C$?$i ’NOT multiplied’ !# GIS @lMQ$N%X%C%@ REGPIXLS Z d~ r 3 w R ( ~ r 3 ) $NCM ( x 3.3.1) !#MW$9$k$K!"%j!<%8%g%s$NLL@Q (pixels) !# INTG X(Y)0 7W ;; $r 9T $J$C $? NN 0h $N X(Y) J} 8~ $N :G >.%T %/ %; %k HV 9f!# $? $@ $7!" %T %/ %; %kHV 9f $O 0 $+ $i ;O $^$C$F$$$k!# INTG NX(Y) 7W;;$r9T$J$C$?NN0h$N X(Y) J}8~$NBg$-$5 (pixel) !# POSRSIZE %] %8 %7%g %s %^%C %W $N 9- $, $j (pixel) !# Position-t yp e $, ’FITS-�le’ $+ ’FFT-FITS-�le’ $+ ’XR T-PSF’ $N;~$N$_=q$+$l$k!# 17

GRIDFILE 0f7e%^%C%W$N%U%!%$%kL>!# GRIDTRNS %j!<%8%g%s$G$N0f7e%^%C%W$NJ?6QF)2aN( (%) !# BE FILE Be Kl8|%^%C%W$N%U%!%$%kL>!# BE THICK %j!<%8%g%s$G$N Be Kl8|$NJ?6QCM ( � m) !# XE THICK %I%j%U%HNN0h$N Xe $N8|$5 (cm) !# RSPVERSN GIS $N%l%9%]%s%94X?t$N%P!<%8%g%s!# 3.2 2?$r7W;;$9$k$N$+ (SIS JT ) 3.2.1 7W;;<0 < U > jbldarf $,7W;;$7$F$$$k$3$H$O!"<!$N$h$&$J<0$G=q$/$3$H$,$G$-$k 11 !# A[ E ] = F kobu ( E ) T xrt ( E ) Z d ~ r 1 w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) Z d~ r 3 w R ( ~ r 3 ) P xrt ( E ; ~ r 3 ; ~ r 1 ) 3F5-9f$N0UL#$O!"<!$N$h$&$K$J$C$F$$$k!# P xrt ( E ; ~ r 3 ; ~ r 1 ) XR T $N Point Spr e ad F unction, $9$J$o $A!" ~ r 1 J} 8~$+$i X @~ $,Mh$? ;~$K!"8!=P 4o>e$G ~ r 3 $N0LCV$KH?<M$5$l$k3NN(!# g xrt ( E ; ~ r 1 ) ~ r 1 J}8~$+$i%(%M%k%.!< E $N X @~$,Mh$?;~$N XR T $N E�e ctive Ar e a !# w P ( ~ r 1 ) Position Map, $9 $J$o$A!" ~ r 1 J} 8~$K %=!<%9$, B8:_ $9$k3N N(!# ~ r 1 $G@Q J,$7 $?CM$, 1 $K $J$k $h$&$K5,3J2=$5$l$F$$$k!# w R ( ~ r 3 ) R e gion Map, $9$J$o$A!" ~ r 3 $N0LCV$K8!=P$5$l$?%$%Y%s%H$r:NMQ$9$k3NN(!# T xrt ( E ) XR T $K;\$5$l$? Thermal Shield $N X @~F)2aN(!# F kobu ( E ) 2keV IU6a $N!V$3 $V!W$r I=$7 $?0x ;R!#Cf ?4Ls 2keV !"I}Ls 0.1keV $N%, %&%7 %"%s $K 1.0 $r2C $( $?$b$N!# <0 $r8+$F $o$+$k $h$&$K!" g xrt ( E ; ~ r 1 ) $H P xrt ( E ; ~ r 3 ; ~ r 1 ) $OFC $KJ, $1$kI, MW$O$J $$$N$@ $,!"%W%m %0%i %‘$NJX 59 >e!" J, $1 $i $l$F $$ $k!# $^ $?!" ~ r 1 ; ~ r 3 $O!" X @~ $, Mh $k J} 8~ 12 !" <B :] $K 8! =P $5 $l$? 0L CV (SIS $N >l 9g!" 8! =P 4o LL>e $G X @~ $,Mh $?0L CV$K 0lCW $9 $k 13 ) $K $=$l $> $lBP 1~$9 $k!#@Q J,NN 0h $O!"7W ;;<0 $N>e $G$O A4 NN0h $KBP $7$F $H$$ $& $3 $H$K$J$k$,!"<B:]$K$O!" w R ( ~ r 3 ) $, 0 $G$J$$NN0h$N6aJU$G$N$_@QJ,$r9T$J$C$F$$$k!# 3.2.2 $h$j6qBNE*$K$O < U > $b$C$H6qBNE*$K7W;;$NN.$l$r=q$/$H!"0J2<$N$h$&$K$J$k!# (1) %]%8%7%g%s%^%C%W$r=‘Hw$9$k!# (a) Position-t yp e $, ’One-Poin t’ $N$H$- ~ r 1 = (Source-X-p os, Source-Y-p os) $r%;%C%H$9$k!# (b) Position-t ype $, ’FITS-�le’ $N$H$- Position-�le $r FI$_ 9~$_!" ;XDj $5 $l$? %S%s $^$H $a$r 9T$J $$!" $5$i $K!"B- $7$F 1 $K $J$k $h $&$" $i$+ $8 $a 5,3J 2= $9 $k!# 3J;R E@ $N ?t $,B? $$ $H!" 8e$N 7W ;; $G Hs>o $K ;~ 4V $,$+ $+$C $F ;H MQ$K BQ $( $J $$$N $G!" 2r @O $N<g;]$d XR T $N@-G=$J$I$r==J,$K9MN8$7$F%S%s$^$H$a?t$r;XDj$9$kI,MW$,$"$k (3.4.4 ;2>H ) !# 11 $?$@$7!" F kobu ( E ) $O!" ARF 7W;;$K!V$3$V!W$r:N$jF~$l$k;~$N$_>h$:$k!# 12 E75e$N@dBPE*$JJ}8~$G$O$J$/!"$"$/$^$G XR T $KBP$9$kAjBPE*$JJ}8~$G$"$k$3$H$KCm0U!# 13 $3$N$3$H$O!"8!=P4o$N Point Spr e ad F unction $,%G%k%?4X?tE*$G$"$k$3$H$KBP1~$7$F$$$k!# 18

(2) %j!<%8%g%s%^%C%W$r=‘Hw$9$k!# $^$:!"0J2<$N$h$&$K!"$b$H$K$J$k%^%C%W$r:n$k!# (a) Region-type $, ’Circle’ $N$H$- %j!<%8%g%s$NCf?4$dH>7B$J$I$K=>$C$F%^%C%W$r:n$j!"%a%b%j>e$KJ];}$9$k!# (b) Position-t ype $, ’FITS-�le’ $N$H$- Region-�le $rFI$_9~$_!"%a%b%j>e$KJ];}$9$k!# <!$K!" ;XDj $5$l $?%A%C %W$N 0LCV $K%^ %9 %/$r $+$1 $k!#$9 $J$o $A!";X Dj$5 $l$? %A%C%W $N>e $K$J $$ ~ r 3 $K BP$7 $F w R ( ~ r 3 ) = 0 $r%;%C%H$9$k!# 14 %A%C%W%^%9%/$, ’No-Mask’ $N$H$-$K$O2?$b$7$J$$!# 15 :G 8e $K!" ;XDj $5 $l $? %S %s $^ $H $a $r 9T $J $&!# $3$3 $G $b!" 3J ;R E@ $N ?t $, B? $$ $H!" 8e$N 7W ;; $G Hs >o $K ;~ 4V $, $+ $+$C$F;HMQ$K BQ$($J$$$N$G!" 2r@O$N<g;]$d XR T $N@-G= $J$I$r==J,$K 9MN8$7$F%S%s $^$H$a?t$r;X Dj$9$kI, MW$,$"$k (3.4.4 ;2>H ) !# (3) %=!<%9%]%8%7%g%s ~ r 1 $KBP$9$k g xrt ( E ; ~ r 1 ) $r7W;;$9$k!# ~ r 1 $KBP$9 $k g xrt ( E ; ~ r 1 ) $r$9 $Y$F $N%(%M %k%.!< $K$D$$ $F$^ $H$a$F 7W;; $7!"%a%b %j>e$K J];} $9$k!#$3 $l0J 9_ $N7W;;$G$O%a%b%j>e$NCM$r;2>H$9$k!#$3$N$h$&$JA‘:n$r9T$J$&$N$O7W;;$r9bB.2=$9$k$?$a$G$"$k!# (4) w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) Z d~ r 3 w R ( ~ r 3 ) P xrt ( E ; ~ r 3 ; ~ r 1 ) $r7W;;$7!" A[ E ] $K2C;;$9$k!# @QJ,7W;;$NItJ,$O%k!<%W$r2s$7$FB-$7;;$r$9$k$@$1$G$"$k!#$?$@$7!"$3$NB-$7;;$O!"$9$Y$F$N%(%M%k%.!< $KBP $7 $FJB Ns $K9T $J$&!# $3 $N$H $-!" A0$N %9%F%C %W $G7W ;; $7$F $*$$ $? g xrt ( E ; ~ r 1 ) $r %a %b%j $+$i FI $_=P $7 $F MQ$$$k!# A[ E ] $X$N2C;;$O ~ r 1 @QJ,$N 1 %9%F%C%W$KBP1~$9$k!# $J$*!"7W ;;B. EY$N 8~>e $N$? $a!" PSF $N7W ;;$O!" 0J2< $N$h $&$K!" FCDj $N%(%M %k%.!< $G$N $_9T $J$C$F $$$k!# < N > (a) PSF-type $, ’Analytic’ $N$H$- 6!5k$5$l$F$$$k XR T $N PSF $,%(%M%k%.!<$K0MB8$7$J$$7A$K=q$+$l$F$$$k$3$H$rMxMQ$7!"%(%M%k%.!< $4$H$N PSF $N7W;;$r>J N,$9$k!#$D$^$j!"$9 $Y$F$N%(%M%k%.!< $KBP$7$F!";O$a $K0lEY$@$1 PSF $,7W ;;$5$l$k!# (b) PSF-type $, ’T able’ $N$H$- %f!<%6 $N;X Dj$K 1~$8 $?%( %M%k %.!<9o $_$G!" PSF $r 7W;; $9$k!# Nc$( $P!"%( %M%k %.!<9o $_$H $7$F 1keV $r;XDj$7$?>l9g!" 0.5keV !" 1.5k eV !" 2.5keV !" � � � $G PSF $r7W;;$7!"$=$l$>$l!" 0 � 1keV !" 1 � 2keV !" 2 � 3keV !" � � � $K$*$1$k ARF $N7W;;$KMQ$$$k!# (5) ~ r 1 $rJQ$($F!" (3) $XLa$k!# (6) $9$Y$F$N ~ r 1 $K$D$$$F7W;;$7=*$C$?$i!" T xrt ( E ) $r3]$1$k!# 2C;;$5$l$? A[ E ] $K$O!" Z d~ r 1 w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) Z d~ r 3 w R ( ~ r 3 ) P xrt ( E ; ~ r 3 ; ~ r 1 ) $N7W;;7k2L$,F~$C$F$$$k!# $=$3$G!"$3$l$K%(%M%k%.!<Kh$K T xrt ( E ) $r3]$1$k!# (7) !V$3$V!W$r:N$jF~$l$k$h$&;XDj$5$l$?;~$K$O!" F kobu ( E ) $r3]$1$k!# $3$N ;~E@$G A[ E ] $K$O!" T xrt ( E ) Z d~ r 1 w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) Z d~ r 3 w R ( ~ r 3 ) P xrt ( E ; ~ r 3 ; ~ r 1 ) $N 7W;;7k 2L$, F~$C $F$$$k!#$=$3$G!"$3$l$K%(%M%k%.!<Kh$K F kobu ( E ) $r3]$1!":G=*E*$J A[ E ] $rF@$k!# 14 $3$NA‘:n$K$h$C$F!";kLn30$d9B$NItJ,$O>o$K w R ( ~ r 3 ) = 0 $H$J$j!" ARF $N7W;;$+$i=|30$5$l$k!# 15 $7$?$,$C$F!"$3$N>l9g!";kLn$N30$d9B$NItJ,$b ( %j!<%8%g%s%^%C%W$K4^$^$l$F$$$l$P ) ARF $K2C;;$5$l$k!# 19

3.2.3 DEBUG %Q%i%a!<%? jbldarf $N DEBUG %Q %i %a!< %?$r ON $K $9$k $H!" 7W ;; $N ES Cf7k 2L $N %$ %a!< %8 $r%+ %l %s %H %G%# %l %/ %H%j $N ./map/ $H$$$&%G%#%l%/%H%j$K=q$-=P$9$h$&$K$J$C$F$$$k 16 !#=q$-=P$5$l$k%$%a!<%8$K$O!"<!$N$h$&$J$b$N$,$" $k!# original p osmap.�ts %S%K%s%0A0$N Position Map binned p osmap.�ts %S%s$^$H$a$5$l$? Position Map original region.�ts %A%C%W%^%9%/A0$N R e gion Map masked region.�ts %A%C%W%^%9%/$5$l$? R e gion Map binned region.�ts %S%s$^$H$a$5$l$? R e gion Map <B :]$N7W ;;$KMQ $$$i$l $? w R ( ~ r 3 ) $H w P ( ~ r 1 ) $O!"$=$l $>$l!" binned regmap.�ts !" binned p osmap.�ts $G $"$k!#$3$l$i$r saoimage $J$I$G8+$l$P!"%S%s$^$H$a$,E,@Z$G$"$C$?$+$I$&$+$r3NG’$9$k$3$H$,$G$-$k!# 3.3 2?$r7W;;$9$k$N$+ (GIS JT ) 3.3.1 7W;;<0 jbldarf $,7W;;$7$F$$$k$3$H$O!"<!$N$h$&$J<0$G=q$/$3$H$,$G$-$k!# A[ E ] = Z d ~ r 3 w R ( ~ r 3 ) Z d ~ r 2 g gis ( E ; ~ r 2 ) P gis ( E ; ~ r 3 ; ~ r 2 ) Z d ~ r 1 w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) P xrt ( E ; ~ r 2 ; ~ r 1 ) 3F5-9f$N0UL#$O!"<!$N$h$&$K$J$C$F$$$k!# P xrt ( E ; ~ r 2 ; ~ r 1 ) XR T $N Point Spr e ad F unction, $9$J$o $A!" ~ r 1 J} 8~$+$i X @~ $,Mh$? ;~$K!"8!=P 4o>e$G ~ r 2 $N0LCV$KH?<M$5$l$k3NN(!# g xrt ( E ; ~ r 1 ) ~ r 1 J}8~$+$i%(%M%k%.!< E $N X @~$,Mh$?;~$N XR T $N E�e ctive Ar e a !# w P ( ~ r 1 ) Position Map, $9 $J$o$A!" ~ r 1 J} 8~$K %=!<%9$, B8:_ $9$k3N N(!# ~ r 1 $G@Q J,$7 $?CM$, 1 $K $J$k $h$&$K5,3J2=$5$l$F$$$k!# P gis ( E ; ~ r 3 ; ~ r 2 ) GIS $N Point Spr e ad F unction, $9$J$o$A!"8!=P4o >e$G ~ r 2 $N 0LCV$K X @~$,Mh$?;~$K!"$= $N 0LCV$, ~ r 3 $H$7$F8!=P$5$l$k3NN(!# g gis ( E ; ~ r 2 ) 8!=P4o>e$G ~ r 2 $N0LCV$K X @~$,Mh$?;~$N GIS $N8!=P8zN(!# w R ( ~ r 3 ) R e gion Map, $9$J$o$A!" ~ r 3 $N0LCV$K8!=P$5$l$?%$%Y%s%H$r:NMQ$9$k3NN(!# <0$r8+$F $o$+$k$h$&$K!" g xrt ( E ; ~ r 1 ) $H P xrt ( E ; ~ r 2 ; ~ r 1 ) !"$"$k$$$O g gis ( E ; ~ r 2 ) $H P gis ( E ; ~ r 3 ; ~ r 2 ) $OFC$K J,$1 $kI,MW$O$J$$$N$@$,!"%W%m%0%i%‘$NJX59>e!"J,$1$i$l$F$$$k!#$^$?!" ~ r 1 ; ~ r 2 ; ~ r 3 $O!" X @~$,Mh$kJ}8~ 17 !"8!=P4o LL>e$G X @~ $,Mh$?0L CV!"<B:]$K8! =P$5$l$? 0LCV!"$K$= $l$>$lBP1~ $9$k!#@QJ, NN0h$O!"7W ;;<0$N>e$G $OA4NN0h $K BP$7$F$H$$$&$3$H$K$J$k$,!"<B:]$K$O!" w R ( ~ r 3 ) $, 0 $G$J$$NN0h$N6aJU$G$N$_@QJ,$r9T$J$C$F$$$k!# 3.3.2 $h$j6qBNE*$K$O < U > $b$C$H6qBNE*$K7W;;$NN.$l$r=q$/$H!"0J2<$N$h$&$K$J$k!# (1) psf ( E ; ~ r 2 ) = Z d~ r 1 w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) P xrt ( E ; ~ r 2 ; ~ r 1 ) $r7W;;$9$k!# (a) Position-t yp e $, ’One-Poin t’ $N$H$- ~ r 1 = (Source-X-p os, Source-Y-p os) $G$N g xrt ( E ; ~ r 1 ) P xrt ( E ; ~ r 2 ; ~ r 1 ) $N$_$r7W;;$9$k!# 16 ./map/ %G%#%l%/%H%j$,$J$1$l$P:n$i$J$$!# 17 E75e$N@dBPE*$JJ}8~$G$O$J$/!"$"$/$^$G XR T $KBP$9$kAjBPE*$JJ}8~$G$"$k$3$H$KCm0U!# 20

(b) Position-t ype $, ’FITS-�le’ $N$H$- w P ( ~ r 1 ) $, 0 $G $J$$ 3J;R E@ $G g xrt ( E ; ~ r 1 ) P xrt ( E ; ~ r 2 ; ~ r 1 ) $r 7W;; $7!" w P ( ~ r 1 ) $N =E $_$r $D$1 $FB- $7 9g $o$;$k!# w P ( ~ r 1 ) $O Position-�le $+$iFI $_9~$^ $l!"B-$7$F 1 $K$J$k $h$&$" $i$+$8$a 5,3J2= $5$l$F $$ $k!#3J;RE@$N?t$,B?$$;~$O!"Hs>o$KCY$/$J$C$F!";HMQ$KBQ$($J$$!# (c) Position-t ype $, ’FFT-FITS-�le’ $N$H$- 18 w P ( ~ r 1 ) $N=E?4$G P xrt ( E ; ~ r 2 ; ~ r 1 ) $r7W;;$7!" w P ( ~ r 1 ) g xrt ( E ; ~ r 1 ) $H$N conv olution $r$H$k!# con v olu- tion $K$O FFT $rMQ$$$k$N$G!">e$N>l9g$h$j0lHL$KB.$/$J$k!# (d) Position-t ype $, ’XR T-PSF’ $N$H$- 19 FITS %U%!%$%k$+$i psf ( E ; ~ r 2 ) $rFI$_9~$‘!#>\$7$/$O!" x 3.5.3 $r;2>H$N$3$H!# $J$*!"7W;;B.EY$N8~>e$N$?$a!" PSF $N7W;;$O0J2<$K<($9FCDj$N%(%M%k%.!<$G$N$_9T$J$o$l$k!# < N > (i) PSF-type $, ’Analytic’ $N$H$- 6!5k$5$l$F$$$k XR T $N PSF $,%(%M%k%.!<$K0MB8$7$J$$7A$K=q$+$l$F$$$k$3$H$rMxMQ$7!"%(%M%k%.!< $4$H$N PSF $N7W;;$r>J N,$9$k!#$D$^$j!"$9 $Y$F$N%(%M%k%.!< $KBP$7$F!";O$a $K0lEY$@$1 PSF $,7W ;;$5$l$k!# (ii) PSF-type $, ’T able’ $N$H$- %f!<%6 $N;X Dj$K 1~$8 $?%( %M%k %.!<9o $_$G!" PSF $r 7W;; $9$k!# Nc$( $P!"%( %M%k %.!<9o $_$H $7$F 1keV $r;XDj$7$?>l9g!" 0.5keV !" 1.5k eV !" 2.5keV !" � � � $G PSF $r7W;;$7!"$=$l$>$l!" 0 � 1keV !" 1 � 2keV !" 2 � 3keV !" � � � $K$*$1$k ARF $N7W;;$KMQ$$$k!# (2) e� ( E ; ~ r 2 ) = g gis ( E ; ~ r 2 ) psf ( E ; ~ r 2 ) $r7W;;$9$k!# g gis ( E ; ~ r 2 ) $O!" Be Kl8| %^%C%W$H0f 7e%^%C%W$+ $i7W;;$5 $l$k!# ~ r 2 $G$N Be Kl 8|%^%C%W$N CM$+$i!"$= $3$G $N GIS $N8!=P8zN( 20 $r7W;;$7!"$=$l$K0f7e%^%C%W$NCM$H!" (1) $G7W;;$7$? psf ( E ; ~ r 2 ) $,3]$1;;$5$l$F!" e� ( E ; ~ r 2 ) $,$G$->e$,$k!# (3) exp o ( E ; ~ r 3 ) = Z d~ r 2 P gis ( E ; ~ r 3 ; ~ r 2 ) e� ( E ; ~ r 2 ) $r7W;;$9$k!# DL>o;HMQ$5$l$kHO0O$G$O!" GIS $N0LCVJ,2rG=$O$"$^$jJQ2=$7$J$$!#$=$3$G!"%=!<%90LCV$G$N P gis ( E ; ~ r 3 ; ~ r 2 ) $H e� ( E ; ~ r 2 ) $N FFT $rMQ$$$? conv olution $r9T$J$&$3$H$G!"7W;;;~4V$rC;=L$7$F$$$k!# (4) A[ E ] = Z d ~ r 3 w R ( ~ r 3 ) exp o ( E ; ~ r 3 ) $r7W;;$9$k!# $3$l$O$b$&!"%k!<%W$r2s$7$FB-$7;;$r$9$k$@$1$G$"$k!# (5) E $rJQ$($F!" (1) $XLa$k!# 3.3.3 DEBUG %Q%i%a!<%? jbldarf $N DEBUG %Q %i %a!< %?$r ON $K $9$k $H!" 7W ;; $N ES Cf7k 2L $N %$ %a!< %8 $r%+ %l %s %H %G%# %l %/ %H%j $N ./map/ $H$$$&%G%#%l%/%H%j$K=q$-=P$9$h$&$K$J$C$F$$$k 21 !#=q$-=P$5$l$k%$%a!<%8$K$O!"<!$N$h$&$J$b$N$,$" $k!# 18 GIS $N$_M-8z!# 19 $3$l$b!" GIS $N$_M-8z!# 20 $3$3$G$O Be Kl$NF)2aN($@$1$G$J$/!" Xe %,%9$N5[<}78?t!"%5!<%^%k / %W%i%:%^%7!<%k%I$NF)2aN($b7W;;$5$l$k!# 21 ./map/ %G%#%l%/%H%j$,$J$1$l$P:n$i$J$$!# 21 b emap.�ts Be Kl8|%^%C%W e� nnn .�ts e� ( E ; ~ r 2 ) exp o nnn .�ts exp o ( E ; ~ r 3 ) gispsf nnn .�ts P gis ( E ; ~ r 3 ; ~ r 2 ) grid.�ts 0f7e%^%C%W p osmap.�ts Position Map region.�ts R e gion Map xrtpsf.�ts psf ( E ; ~ r 2 ) nnn $,$D$/$b$N$O!"%(%M%k%.!<$N9o$_$4$H$K$D$/$i$l$k!# xrtpsf.�ts $, 1 $D$7$+:n$i$l$J$$$N$O!"8=>u$N XR T %l%9 %]%s%9 $G$O!"%( %M%k %.!<$K$h$C $F Point Spr e ad F unction $,JQ 2=$7$J $$$+$i $G$"$k 22 !# $^$?!"$3 $l$i$N %$ %a!<%8 $O!"<B :]$K 7W;; $,9T $J$o $l$k HO0O $K8B$C $F=q $-=P $5$l $k!#=q $-=P $5$l $?HO0O $O ARF $N %X%C%@ $K=q$$ $F $"$k!# 3.4 E,MQ8B3& jbldarf $NE,MQ8B3&$O!"Bg$^$+$KJ,$1$F!" Ds6!$5$l$F$$$k%l%9%]%s%9$N?. Mj@-$H!" jbldarf $G$N ARF $N7W;; J}<0$H$K5/0x$9$k$H8@$($k!#$5$i$K!"Ds6!$5$l$F$$$k%l%9%]%s%9$O XR T It $H GIS It$KJ,$1$i$l 23 !" g xrt ( E ; ~ r 1 ) $H P xrt ( E ; ~ r 2 ; ~ r 1 ) $, XR T It!" g gis ( E ; ~ r 2 ) $H P gis ( E ; ~ r 3 ; ~ r 2 ) $, GIS It$KB0 $9$k!#0J2< $G$O!"$3 $l$i$N4X ?t$K $D$$$F35@b$7!" ARF $r:n$k>e$G$NLdBjE@$r=R$Y$k!# 3.4.1 XR T $N%l%9%]%s%9$N4QE@$+$i < U > jbldarf $,;HMQ$7$F$$$k XR T $N%l%9%]%s%9$O!"M-8zLL@Q$rM?$($k$b$N$H!" PSF $rM?$($k$b$N$N 2 <oN‘$G$" $k!#$$$:$l$b!" FOR TRAN $N4X?t$G!"M-8zLL@Q$rM?$($k$b$N$O!" Real Function xrt_eff_area(e_min, e_max, theta, phi) Real e_min, e_ma, theta, phi PSF $rM?$($k$b$N$O!" (a) PSF-type $, ’Analytic’ $N$H$- Real Function xrtpsf(E,x1,y1,x2,y2) Real E, x1, y1, x2, y2 (b) PSF-type $, ’T able’ $N$H$- < N > Real Function xrtpsf95a(E,theta,phi,ox,oy) Real*8 E, theta, phi, ox, oy $H$$$&7A$K$J$C$F$$$k!# 8= :_$N jbldarf $G ;H MQ$7 $F$$ $k$b $N$G $O xrt eff area() $O %Q%i %a!< %?%U%! %$%k $G;X Dj$5 $l $? FITS $NM- 8zLL @Q%F!< %V%k (XR T-EA-table) $+$i FI$_9~ $s$@ $b$N$r E,Ev $KJd 4V$7$F JV$9 $h$& $K$J$C$F $$$F!" ?.Mj @-$O$= $N %F!< %V %k%U%! %$ %k $K$h $k!# 4X ?t7A $r 8+ $F$o $+ $k $h$& $K!" %; %s%5!< ID $rEO $9 $3 $H $O$G $- $:!" %;%s %5!< $4 $H$N 8D @-$O9MN8$7$F$$$J$$!# XR T %A!<%‘$K$h$k$H!"8=>u$N XR T-EA-table $K$O Ray-tracing $K$h$k%G!<%?$r85$K!" <!$NHO0O$N%G!<%?$,F~$C$F$$$k!# L>A0 C10L 7A<0 HO0O ( 9o$_ ) Energy keV 1E 0.1{2.0 (0.1), 2.01{4.00 (0.01), 4.1{12.0 (0.1) Theta arcmin 1I 0{20 (1) Phi degree 1I 0{45 (15) EA cm 2 1E | 22 Position-t ype $K ’XR T-PSF’ $rA*$s$@;~$O$=$N8B$j$G$O$J$$!# 23 SIS $N%l%9%]%s%9$O$9$Y$F RMF $K5[<}$5$l$F$$$k$?$a!" ARF $N7W;;$K$O;H$o$l$J$$!# 22

EvA3!"$3$NHO0O$r1[$($?;XDj$r$7$?>l9g$N%l%9%]%s%9$OJ]>Z$5$l$J$$!# PSF-type $, ’Analytic’ $N$H $-$K MQ$$ $i$l $k xrtpsf() $O!" XR T $N PSF $rFb It$G E,Ev $J;; =Q4X ?t$G 6a ;w $7$F 7W;; $r9T $J$C $F$$ $k!#$3 $l$b!" FOR TRAN $N4X ?t 7A$r 8+$F $o$+ $k $h$& $K!"%; %s%5!< $4 $H$N 8D@- $O9M N8 $7 $F$$ $J $$!# $^$?!" 8= :_ ;HMQ $7 $F$$ $k $b $N$G $O !V$A$g $&$A$g!W $H $+ !V$h$D $P $N%/ %m!< %P!<!W $H$+ $h $P $l$k 7A $O F~$C$F$*$i$: 24 !"C<$K$$$/$H PSF $,OD$‘8z2L$bF~$C$F$$$J$$$h$&$G$"$k!#$5$i$K!"0z?t$K$O%(%M%k%.!<$,F~$C $F $$$k $,!" 4X?t $N Cf$G $OA4 $/ ;H$o $l $F$* $i $:!"%( %M %k%.!< $N0M B8 @-$O M- 8zLL @Q $NJ} $K G$$; $? 7A$K $J$C$F $$ $k!# $D $$$G $K $$$C $F$* $1 $P!" %T!<%/ $b $A$g$C$H 1T $9 $.$F!" 8= <B $H9g $o $J $$$h $& $@!#0J >e $N $3$H $+ $i!" %j!<%8%g %s $r %=!< %90L CV $r Cf?4 $H $7 $?1_ 0J 30$N 7A $G @Z$C$? $j 25 !" %j!< %8%g%s $N H> 7B$r Bg $- $/$H $j $9$. $? $j >.$5 $/ $H $j2a $. $? $j 26 $7$?>l9g$N ARF $O?.MjEY$,Dc$/$J$k!# PSF-type $, ’T able’ $N$H $-$KMQ$$$i$l$k xrtpsf95a() $O!" Ray-tracing $rMQ$$$F 7W;;$7$? PSF $N%F!< < N > %V %k %U%! %$%k $r FI $_ 9~ $_!"0l <! Jd 4V $r 9T $J$C$F ARF 7W ;; $K I, MW $J 0LCV $G $N PSF $r 5a $a $F$$ $k!# $3 $l $b %; %s %5!< $4$H $N8D @-$O 9MN8 $7$F $$$J $$$,!" 8=;~ E@$G $N:G ?7$N Ray-tracing $N7k 2L$, H?1G $5$l $F$$ $k$? $a!" PSF $N %(%M %k%.!< 0MB8 @-$d!" $$$o $f$k !V$D$N!W $N8z 2L$b:N $jF~ $l$i $l$F $$$k!# $?$@ $7!"%F!< %V%k$O!" EEF(Encircled Energy F unction) $N 7A$G6!5k$5$l$F$$$k$N$G!" %=!<%90LCV$rCf?4$H$7$?1_ 7ANN0h0J30$G%9%Z%/%H%k $r@Z$j$H$C $?$j$7$?>l9g!" ARF $O?.MjEY$,Dc$/$J$k!# $^$H$a$k$H XR T $N%l%9%]%s%9$N4QE@$+$i5$$r$D$1$k$Y$-$3$H$O!"<!$N$h$&$J$3$H$G$"$k!# (1) %(%M%k%.!<$O 0.1 { 12 keV !"%=!<%90LCV$O8w<4$+$i 20 arcmin 0JFb!# (2) %j!<%8%g%s$O%=!<%90LCV$rCf?4$H$7$?1_$^$?$O1_4D$G@Z$k!# (3) %j!<%8%g%s$NH>7B$O 1.5 { 6 arcmin DxEY!# $?$@ $7!"$3$l$i$NCM $O!":#8e XR T $NM-8z LL@Q%F!<%V%k$d PSF %F!<%V %k$,2~D{$5$l $l$P!"$=$l$K$H $b$J$C < N > $F2~A1$9$k2DG=@-$,$"$k!#N>%F!<%V%k$NE,MQ8B3&$K$D$$$F$O XR T %A!<%‘$+$iH/I=$5$l$k$b$N$r;2>H$9$k$3$H!# 3.4.2 GIS $N%l%9%]%s%9$N4QE@$+$i jbldarf $,;HMQ$7$F$$$k GIS $N%l%9%]%s%9$O C $N4X?t$G!" double get_gis_eff(double e_lo, double e_hi); double gis_psf(double xmm, double ymm, double Ekev, double xoff, double yoff); $,$"$j!" $=$l$>$l GIS $N8!=P8z N($H PSF $rM? $($k$b$N $G$"$k!#4X?t 7A$+$i$o$+ $k$h$&$K!"%; %s%5!<$4$H $N0c $$$O9MN8$5$l$F$$$J$$!#$^$?!"0f7e%^%C%W$d Be Kl8|%^%C%W$b%l%9%]%s%9$r7h$a$k=EMW$JMWAG$G$"$k!# get gis eff() $G$O!" XR T $N%5!<%^%k%7!<%k%I!"%W%i%:%^KI8fKl!" Be Kl!"%5%]!<%H%a%C%7%e 27 $NF)2aN( $H!" Xe+He %,%9$N5[<}8zN($r7W;;$7$F$$$k!#%(%M%k%.!<$NHO0O$O 0.5{15keV $/$i$$$^$G$rA[Dj$7$F$$$k!# 0L CV$K$h$k0c$$$OF~$C$F$$$J$$$,!"FC$KLdBj$J$$$H;W$o$l$k!# gis psf() $O!" <B83 $N %G!<%? $H!" XR T $N F~<M 3Q $N$P $i$D $- $K$h $k 9-$, $j $r9M N8 $7$F!" Cf?4 BP >N$J 2 <! 85 %,%&%7 %"%s$N=E$M9g $o$;$H$7$F PSF $r7W ;;$7$F$$$k!#Cf ?4$+$i 20mm $h$j30$G $O0LCVJ,2rG= $,0-$/$J$k8z 2L $b F~$C$F $$$k $,!" 3.3.2 $G =R$Y $?$h $&$K!" jbldarf $N7W ;;$G $O%=!< %90L CV$G $N PSF $7 $+;H$C $F$$ $J$$ $N$G!" $" $^$j0U L#$O$J$$!# $7$?$,$C$F!"%; %s%5!<$N<~JU IU6a$G$O %l%9%]%s%9 $N?.MjEY$, Mn$A$k!#$^ $?!" GIS $N0L CVJ,2r G= $O%( %M %k %.!<$K $h$C $F0c $& $? $a!"%( %M %k%.!< $K $h$C $F%j!< %8%g %s$N 30 $K 1L$l =P $9%U%) %H %s$N ?t $O 0c$C$F $/ $k $3 $H$K $J $k!#Ev A3!" %j!<%8%g %s$, >. $5$$ J} $,$3 $N 8z2L $, Bg$- $/$J $k $,!"$3 $l $,$I $3 $^$G @5 3N$K :F 8=$G $-$F $$ $k $+ $K$D $$ $F$O!" $O$C $- $j$H $O D4$Y $i $l$F $$ $J $$!#$7 $? $,$C$F!" %j!< %8%g%s $r $"$^ $j >. $5$/ $H $k$H!" ARF $N ?. MjEY$OMn$A$k!# Be Kl8|%^%C %W$O!" J?6QE* $J8|$5 $OCO >e<B83 $r85 $K$7$? %G!<%?$, F~$C$F $$$k$,!" 0LCV$K $h$k $P$i$D $-$K 4X$7 $F$O$"$^$j@:EY$ONI$/$J$$!#$7$+$7!"0LCV$K$h$k$P$i$D$-$O!":GBg$G 0.6 � m(GIS-2) / 0.4 � m(GIS-3) DxEY ( >e ED=$O@!" 1993) $G$"$j!"$=$l$[$IBg$-$J1F6A$O$J$$$H9M$($i$l$k!# 24 ;n$7$K E,Ev$J 0LCV$G $N PSF $N%$%a!< %8$r:n $i$;$F $_$k$H $o$+$k!# $=$N$? $a$K!" ./src/gis/xrtpsf.c $H $$$&%W %m%0%i%‘ $,MQ0U $5$l$F $$ $k!#%G%U%)%k%H$G$O%3%s%Q%$%k$5$l$J$$!# 25 !V$A$g$&$A$g!W$d PSF $NOD$_$,8z$$$F$/$k$H;W$o$l$k!# 26 Cf?4IU6a$d tail IU6a$G$O!" PSF $,@5$7$/:F8=$5$l$F$$$J$$!# 27 0.87 $G%(%M%k%.!<$K$h$i$:8GDj$H$J$C$F$$$k!# 23

0f7e%^%C %W$O!"0LCV$dF)2aN($,%(%M%k %.!<$K$h$i$J$$$3$H$K$J$C$F$$ $k$,!"$3$l$,K\Ev$+$I$&$+$r D4$Y$k$N $OE} 7WE*$K6l $7$/!"$h $/$O$o $+$C$F$$$J $$!#$^$?!" 0f7e$N0L CV$O jbldarf $N;EMM>e $b!"8=<B E*$K$b!" 1pixel $N @:EY$H $J$C$F$$$k ( >>2<=$O@!" 1994) !#%=!<%9$,0f 7e$N$9$0$= $P$K$"$C$?;~ $N1F6A$K$D $$$F$O$^$@ NI$/$OD4$Y$i $l $F $* $i$:!" jbldarf $, $= $l $r $A$c$s $H :F 8= $G $-$k $+ $I $& $+ $O2x $7 $$!# =>$C $F!" 0f7e IU 6a $K %=!< %9$, $" $k ;~ $N ARF $b?.MjEY$ODc$$!# $^$H$a$k$H GIS $N%l%9%]%s%9$N4QE@$+$i5$$r$D$1$k$Y$-$3$H$O!"<!$N$h$&$J$3$H$G$"$k!# (1) %(%M%k%.!<$O 0.5 { 15 keV !# (2) %;%s%5!<$N<~JUIt ( � 20mm $h$j30 ) $OHr$1$k!# (3) %j!<%8%g%s$NH>7B$O � 1.5 arcmin $h$jBg$-$/!# (4) 0f7e$N$=$P$N%=!<%9$OHr$1$k!# 3.4.3 jbldarf $N9=B$$K5/0x$9$k8B3& 8=>u$N jbldarf $G$O!"0J2<$N$h$&$J>l9g$KBP1~$9$k ARF $r:n$k$N$O:$Fq$G$"$k!# (1) ;kLn30$K$^$G%=!<%9$,9-$,$C$F$$$k>l9g!# Position-�le $O;kLnFb$7$+%+%P!<$7$F$$$J$$$?$a!";kLn30$+$i$N1L$l9~$_$N1F6A$O9MN8$5$l$J$$!# Position- type $r ’XR T-PSF’ $K$7$F!"$"$i$+$8$a$=$N8z2L$r7W;;$7$F$*$1$P!"<h$j9~$‘$3$H$O2DG=$G$"$k!# (2) 0LCV$K$h$j%9%Z%/%H%k$,0c$C$F$$$k>l9g!# $= $b$= $b XSPEC <+ BN $,!"0L CV$4 $H$K %9 %Z%/ %H%k $,0c $& ;~$N %U%#%C%H $r $G$- $k$h $&$K $J$C $F$$ $J$$ 28 !# $3 $N $h$& $J 2r@O $r $9$k ;~$O!" %9 %Z%/ %H %k$, F1 $8$@ $H ;W$( $kHO 0O $G%j!< %8%g %s$r @Z $jJ, $1 $?$j!" %( %M%k %.!<%P %s %I $4$H$K%$%a!<%8$r:n$C$?$j$7$F96$a$k$N$,E,Ev$G$"$m$&!# 3.4.4 SIS $N%^%C%W$N%S%s$^$H$a SIS $N ARF $N 7W ;;<0 (3.2.1 ;2 >H ) $K 8= $l $k @Q J, $O!"<B :] $N 7W ;; $G $O!" SIS $N 1 %T %/%; %k $r C1 0L $H $7 $F?t CM @Q J,$5 $l$k ( %S%s $^$H $a$7 $J$$ >l9g ) !# $H$3 $m$,!" 7W;; B.EY $rB, Dj$7 $F$_ $k$H!" DL>o $N2r @O$K $*$$ $F$O!" SIS $N ARF $N 7W;;$K$+$+$k;~ 4V$O$[$H$s$I%T%/ %;%k?t$N$_$,;YG[ $7$F$$$k$3$H$, $o$+$k!#Nc$($P!"1_7A $N%j!<%8%g%s %^%C %W$r ;H$C $F$$ $k >l9g!" H> 7B$r 2 G\ $K $9$k $H7W ;; $K$+ $+ $k;~ 4V $O 4 G\$K $J $k!#9- $,$C $?%=!< %9 $N>l 9g $K$O!" M-8B$N 9-$,$j$r ;}$D%]%8%7%g %s%^%C%W$r;H $o$6$k$r F@$J$$$?$a!" %]%8%7%g%s %^%C%W$NHsNm $N%T%/%;%k ?t$, N 8D $N>l9g$K$O!"7W;;;~4V$O%]%$%s%H%=!<%9$N>l9g$N N G\$+$+$C$F$7$^$$!"<BMQ$KBQ$($J$$!# $=$3 $G jbldarf $G $O!"7W;;B.EY8~ >e$N$?$a!"%j!<%8%g %s%^%C%W$H%]%8 %7%g%s%^%C%W$N$= $l$>$l$K$D$$ $F!";X Dj $5$l $??t $@ $1%S %s$^ $H $a$7 $F$+ $i 7W;; $9$k $h $&$K $7$F $$ $k!#$3 $N >l9g $K5$ $r $D$1 $J$1 $l $P$J $i$J $$ $N$,!" %S %s$^$H$a?t$r$$$/$D$K@_Dj$9$Y$-$+!"$H$$$&E@$G$"$k!# $^$:!"%j!<%8%g%s%^%C%W$N%S%s$^$H$a$O!" XR T $N PSF $r9MN8$7$F7h$a$J$1$l$P$J$i$J$$!#7W;;<0 (3.2.1 ;2 >H ) $+ $i L@ $i$+ $J $h $&$K!" %j!< %8%g %s%^%C %W $N9o $_ $O!" ARF $N ?tCM @Q J, $K$* $1 $k PSF $N CM$N %5 %s%W %j %s %0$K BP1~$9 $k!#$7$?$,$C$F!"%j!< %8%g%s%^%C%W$r$" $^$jBg$-$/%S %s$^$H$a$7$F $7$^$&$H!" PSF $N?tCM @QJ,$K;Y>c$r $- $? $9!# 6q BNE* $K $O!" XR T $N PSF $N 6u 4VJQ 2= $N %9 %1!< %k $O!" Bg ;( GD$K 8@$C $F J, 3Q Dx EY $J $N$G!" 10 %S %s Dx EY ( $*$h$= 1/4 J,3QAjEv ) $K$^$H$a$k$3$H$OLdBj$J$$$G$"$m$&$H;W$o$l$k!# $^ $?!" %] %8 %7%g %s %^%C %W $K $D $$ $F $O!" E7 5e >e $G $N 51 EY J, I[ $N %9 %1!< %k $r 9M N8 $7 $F 7h $a $J $1 $l $P $J $i $J $$!# jbldarf $O%] %8%7%g%s %^%C%W$G ;XDj$7 $?DL$j $N51EYJ, I[$K$D $$$F ARF $r7W ;;$9$k $N$G!"Nc $($P!"51 EYJ,I[ $N5/ Iz $N6u 4V%9 %1!<%k $, 1 J, 3QDx EY$G $"$k $H $o$+$C $F$$ $k$b $N $KBP $7$F!" %]%8 %7%g %s%^%C %W$r 10 %S %s ( $* $h $= 1/4 J,3QAjEv ) 0J>e$K$^$H$a$k$H!"M-8zLL@Q$rITEv$KI>2A$9$k$*$=$l$,$"$k!# 0J>e$r$^$H$a$k$H0J2<$N$h$&$K$J$k!# (1) %j!<%8%g %s %^%C %W$N %S %s$^ $H $a$O!" %S %s$^ $H $a 8e$N 1 %S %s $NBg $- $5$, XR T $N PSF $N 6u4V %9 %1!<%k $h $j $b==J,$K>.$5$/$J$k$h$&$K$9$k!# 28 $3$&$J$k$H!"%9%Z%/%H%k2r@O$@$1$G$J$/!"%$%a!<%82r@O$b$+$i$s$G$/$k$, ... 24

(2) %] %8 %7%g %s %^%C %W$N %S %s $^ $H $a $O!" %S %s $^ $H $a 8e $N 1 %S %s $N Bg $- $5 $, %=!<%9 $N 51 EY J, I[ $N 6u 4V %9 %1!< %k $h$j$b==J,$K>.$5$/$J$k$h$&$K$9$k!# $?$@$7!" $$$:$l$N>l9g$b!"%S%s$^$H$a?t $N7hDj$O2r@O$N<g;]$HL)@\ $K4X$o$kLdBj$G$"$k!#2r@O<T $O!"<+J,$, 9T $J$C$F $$$k 2r @O$N L\ E*$d I,MW $J 7W;; @:EY $r ==J, $K 9MN8 $7!"$= $N L\E* $d @:EY $K$"$C $? %S%s $^$H $a ?t$r A* $VI, MW $,$"$k!# 3.5 1~MQJT $A$g$C $H9bEY$J ;H$$J}$K $J$k$,!" 9)IW$9$l $P0J2<$N $h$&$J >l9g$K$b!" jbldarf $r E,MQ$9 $k$3$H$O 86M}E*$K 2D G=$G $"$k!# $7$+$7!" x 3.4 $G=R $Y$?@) 8B$K 0z$C$+$+ $k>l 9g$,B? $/!"0U L#$N$" $k$b $N$,$G $-$k $+$I$& $+$O!"2r @O<T $,$h$/9M$($F$*$/I,MW$,$"$k!# 3.5.1 1R@1$N;Q@*$NMI$l$NJd@5 1R@1$N;Q@*$NMI$l$rJd@5$7$? ARF $r:n$k>l9g!"$=$N ARF $r;H$&%9%Z%/%H%k$,!"8!=P4o:BI8 (DET X/Y) $G=8@Q$7$?$b$N$+!" E76u:BI8 (X/Y) $G =8@Q$7$?$b$N$+$G87L)$K$O$d$jJ} $,0[$J$k!#$3$3$G$O!"$=$l$>$l$K$D$$ $F9M;!$7$F$_$k!# $? $@ $7!" DL >o!"1R @1 $N MI $l$O $; $$ $< $$ 1arcmin Dx EY $J$N $G!" $h $[ $I %j!<%8%g %s $r 69 $/$H$C $? $j!" GIS $N 0f7e$N $=$P$N%=!<%9$r 07$C$?$j$7$J$$ 8B$j!";Q@*$NMI $l$,$=$l$[$I 1F6A$9$k$H$O ;W$($J$$!#$^$?!" � 1 ar cmin 0J >e$K ;Q @*$, 30 $l$F $$$k It J,$N %G!< %?$O!" ;H $o$J $$ $h$& $K$9 $k $N$, 8- L@$G $" $m$&!# $5 $i$K!" 8= >u$G $O;Q @* %U%! %$%k$N@:EY$,MI$l$KDI=>$G$-$F$$$J$$$N$G!"$3$l$r9T$J$C$F$b5u$7$$>l9g$,B?$$!# (1) 8!=P4o:BI8$G=8@Q$7$?%9%Z%/%H%k$KBP$9$k ARF ;Q @*$, MI$l$k $H$$ $&$3 $H$O!" %=!<%90L CV$, ;~4V $K$h$C $FF0$/ $H$$ $&$3 $H$G $"$k!#$= $N%=!< %90L CV$r r ( t ) $H $7$?>l9g!" w P ( ~ r 1 ) $O<!$N$h$&$K=q$1$k!# w P ( ~ r 1 ) = Z � ( ~ r 1 � r ( t )) dt =>$C$F!" Position-t ype $r ’FITS-�le’ $+ ’FFT-FITS-�le’ $H$7$F Position-�le $K>e5-$N$b$N$rF~$l$F$*$1$P!" ;Q@*$NMI$l$,9MN8$5$l$k$3$H$K$J$k 29 !# (2) E76u:BI8$G=8@Q$7$?%9%Z%/%H%k$KBP$9$k ARF $3$N>l9g$O!"%=!<%90LCV$K$7$?$,$C$F!"%j!<%8%g%s$bF0$/$3$H$K$J$k!#$@$C$?$i Position-�le $HF1$8$/ Region- �le $b ;Q @*$N MI $l $G $J$^ $5 $l $? $b$N $r jbldarf $K M? $( $l$P $$ $$ 30 !" $H ;W $&$+ $b $7 $l$J $$ $,!" %=!< %90L CV $H %j!< %8%g%s $OAj 4X$r ;}$D $N$G!" $=$N J}K! $G$O @5$7 $$ ARF $O :n$l $J$$!# @5$7 $/$O!" %=!<%9 0LCV $4$H $K$$$A $$$A %j!< %8%g %s$r 7h$a $F ARF $r :n$j 31 !" $=$l $r$= $N %=!<%9 0LCV $N=E $_$r $D$1 $FB- $79g $o$; $k$H $$ $&J} K!$r $H$i $J$1 $l $P$J$i$J$$ 32 !#<0$G=q$/$H!" (1) $N w P ( ~ r 1 ) $H$=$3$G$N ARF (A ~ r 1 [ E ] $H=q$/ ) $r;H$C$F!" A[ E ] = X ~ r 1 w P ( ~ r 1 )A ~ r 1 [ E ] $H$J$k!# jbldarf $r2?EY$bAv$i$;$kI,MW$,$"$k$N$G!"7W;;;~4V$O (1) $h$j$bB?$/$+$+$k!# 29 $3$N$h$& $J Position-�le $r$D $/$k5! G=$O!";d $,CN$k 8B$j$G $O XSELECT $K$O$D $$$F$$ $J$$!# giphs $r;H$& >l9g$K $O makp osmap $H$$$&%W%m%0%i%‘$G:n$k$3$H$,$G$-$k!# 30 $3$N>l9g Region-�le $O 0 $+ 1 $@$1$G$O$J$/!"$=$N%T%/%;%k$N Exp osure time $K=>$C$F 0.5 $H$+$NH>C<$JCM$r;}$D$3$H$K$J$k!# 31 87L) $K$O!" 2sE> $N<+ M3EY $b$" $k$N $G%=!< %90L CV$@ $1$G $O7h $^$i $J$$ $,!"%j!< %8%g%s $r1_ 7A $K$H$C $?>l 9g$O!" BP>N @-$K $h$j L5;k $G$- $k!# $= $l0J 30$N >l9g $G$b!" %j!<%8%g %s$, 2sE> J}8~ $K 1arcmin DxEY F0$$ $F$b $[$H $s$I L5;k $G$- $k$N $G!"%=!< %9 0LCV $@$1 $G7h $^$k $H;W$C $FLd Bj$J $$!# 32 giphs $r;H$&>l9g$O!"$3$l$r9T$J$o$;$k shell script $rH/@8$9$k skyarf $H$$$&%W%m%0%i%‘$,$"$k!# 25

3.5.2 9-$,$C$?%=!<%9$N%l%9%]%s%9 %=!<%9$,9-$,$C$F$$$k>l9g$G$b!"$=$NA4NN0h$G%9%Z%/%H%k$,F1$8$@$H2>Dj$9$k$J$i!" Position-t yp e $r ’FITS- �le’ $"$k$$ $O ’FFT-FITS-�le’ $H$7$F!" Position-�le $K$b $H$b$H$N%=!< %9$N7A$rF~$l $k$3$H$G!"9-$,$C $?%=!< %9MQ $N ARF $r:n $k$3 $H$, $G$- $k!#K\ Ev$O!" $b$H $b$H $N%=!<%9 $N7A $O$o $+$i $J$$ $O$: $G$" $k$,!" B>$N 1R@1 $GF@ $i $l$F $$ $k%$ %a!< %8$d %b %G %k!"$" $k $$$O !V$" $9$+!W $N %$%a!< %8 $r deconv olv e $7 $? $b$N $r FM$C9~ $‘ $N$, BE Ev$G $" $m$& $H 9M$( $i $l$k!# $3 $&$d$C $F :n$C $? ARF $G %9 %Z%/ %H %k%U%#%C %H $7$? ;~ $N %U%i%C %/ %9$O!" %b %G%k $G M?$( $? A4 NN0h $+ $i =P$F $/ $k %U%i%C %/ %9 $H$J $k!# $7$+ $7!" Bg $-$/ 9- $,$C $?%$ %a!< %8 $N>l 9g!" XR T $N PSF $K !V$A$g $& $A$g!W$,F~$C$F$$$J$$$3$H$d!" PSF $N tail $,$-$A$s$HF~$C$F$$$J$$$3$H$,8z$$$F$/$k2DG=@-$,$"$k!# $^ $?!" GIS $N>l9g!" 7W;;;~ 4V$r 9M$($k $H Position-t ype $O ’FFT-FITS-�le’ $K$; $6$k$r $($J$$ $H;W $o$l$k $,!"$3$l$@$H PSF $N>l=j$K$h$k0c$$$rH?1G$9$k$3$H$,$G$-$J$$$N$bLdBj$G$"$k!#$3$l$r2r7h$9$k:v$H$7$F$O!" jbldarf $N30$G Ra y-tracing $rAv$i$;$F$=$N7k2L$r jbldarf $K<h$j9~$‘!"$H$$$&J}K!$,$"$k!#$3$l$K$D$$$F$O!" <!$N@a$G>R2p$9$k!# 3.5.3 Ra y-tracing $N7k2L$NMxMQ (GIS $N$_ ) DL >o jbldarf $O!" XR T $N%l %9 %] %s%9 4X ?t ( x 3.4.1 ;2 >H ) $r;H$C $F XR T $N M- 8z LL@Q $r I> 2A$7!" ARF %l %9 %] %s %9$r 7W ;; $9$k!# $= $l $H$O JL $K!" %l%9 %] %s %9 4X?t $r ;H $o$: $K XR T $N %b %s%F %+ %k %m%7 %_%e %l!< %7%g %s (Ray- tracing) $N7k2L$r;2>H$7$F ARF $r7W;;$9$k5!G=$b$D$$$F$$$k 33 !# $=$N:]$KI,MW $J$b$N$O!"3F%(%M%k%.!<%P%s%I$4$H$N!"8!=P4oLL>e$G$N8w ;R?tJ,I[ 34 $rI=$o$9 FITS $N%$%a!< %8 %U%!%$ %k $G $"$k!# %5 %$ %:$O 256 � 256 !" 8w<4 $r Cf ?4 (128.5, 128.5) $H $7!" :B I8<4 $O 1R @1:B I8 $N X/Y <4$H J? 9T 35 !" 1pixel $N %5 %$%: $O 0.25mm $G $J $1$l $P $J$i $J $$!# $^$?!" $" $k%( %M %k%.!< $K BP $9$k FITS %$ %a!< %8%U%! %$ %k $N3F %T %/ %; %k $NCM $N Am OB $O!" $=$N %( %M %k %.!<$G $N XR T $N M-8z LL @Q $K $J $k$h $& $K 5, 3J 2=$7 $F $* $/ I,MW $, $" $k 36 !# $3$N$h$&$J%$%a!<%8$r!"Nc$($P %(%M%k%.!< 1keV $G$N$b$N$O psf010.�ts !" 1.1keV $G$N$b$N$O psf011.�ts !" $H $$ $& $h $& $J L> A0 37 $G $R $H $D $N %G%# %l %/ %H %j ( 2> $K dir e ctory $H $9 $k ) $K CV $$ $F $* $/!# $= $& $7 $F!" jbldarf $G Position-t ype $K ’XR T-PSF’ $r!" Position-�le $K dir e ctory /psf%03d.�ts $r;XDj$9$l$P 38 !" jbldarf $O ARF $r7W ;;$9$k ;~$K $3$l$i $N FITS %U%! %$%k$K %"%/ %;%9$7 $F XR T $NM- 8zLL@Q $rI> 2A$9$k $h$&$K $J$k!#$h $j@5 3N$K 8@$( $P psf ( E ; ~ r 2 ) ( x 3.3.2 ;2 >H ) $, FITS %U%! %$%k$+ $iFI $_9~$^ $l$k!# ARF 7W;; ;~$K!" 7W;;$9 $Y$-%( %M%k %.!< E $K BP1~$9 $k%$%a!< %8$,B8 :_$7$J$$ >l9g$O ( $[$H $s$I$N>l 9g$=$& $@$H;W $&$, ) !"$= $NA08e $N%(%M %k%.!<$N %$%a!< %8$+$iD>@~Jd4V$7$?CM$,;H$o$l$k!# $3 $N J} K!$O!" 9- $,$C$? %=!< %9 $N2r @O Ey!" jbldarf $K F~$C $F $$$k XR T $N %l %9 %]%s %9 $G $O ARF %l %9 %] %s%9 $N ==J, $JI> 2A$, $G$- $J$$ ;~$K M-8z $G$" $k 39 !# $^$?!" Ra y-tracing $rMQ $$$F %$%a!< %8%U%! %$ %k$r :n$k $N$K I,MW $J ;~ 4V$r EY30 ;k $9$l $P!" jbldarf $N 7W;; ;~ 4V$b 0l HL$K B.$/ $J $k!#$7 $+$7!" 8= >u$G $O Ray-tracing $N %W%m %0%i %‘ $O XR T %A!<%‘0J30$N?M$,4JC1$K;H$($k7A$K$O$J$C$F$$$J$$$7!"2>$K;H$( $?$H$7$F$b!"F@$i$l$?7k2L$K$I$NDxEY$N %(%i!<$,$"$k$+$O$J$s$H$b$$$($J$$!# $3 $N5! G= $NJL $N;H $$ J}$H $7$F!" !V$A$g$& $A$g!W $N7A $r SIS $N %$%a!< %8 $+$i F@$k!" $H$$ $& J}K! $b9M $($i $l $h $&!#$3 $N>l 9g!" Ray-tracing $O MQ$$ $:$K SIS $G4Q B,$5$l $?<B :]$N%$ %a!<%8 $r8w;R ?tJ, I[$@$H 2>Dj$9 $k!#%$ %a!< %8%U%!%$%k$N5,3J2=$KMQ$$$kM-8zLL@Q$O!"Nc$($P!" jbldarf $KF~$C$F$$$k XR T %l%9%]%s%9$r;HMQ$9$k 40 !#$3$N >l9g Ray-tracing $K $+$+$k;~4V$,$J$$$?$a!"C;;~4V$G ARF $r:n@.$G$-$k$H$$$& MxE@$,$"$k$,!" SIS $O;kLn$, 69$$!"==J,$JE}7W$,$"$k$H$O8B$i$J$$!"$J$I$NM}M3$G$3$NJ}K!$,;H$($k>lLL$b8BDj$5$l$k$G$"$m$&!# 33 $3$N5!G=$O GIS $KBP$7$F$N$_M-8z$G$"$k!# 34 $b$A$m$s!"$3$l$r Ray-tracing $G5a$a$k!# 35 =>$C$F!"8!=P4o:BI8$H$O Y <4$N8~$-$,H?BP$G$"$k 36 XR T $NM- 8zLL@Q$O!" DL>o!"H>7B 6 J, 0JFb$r@Q J,$7$?;~ $NCM$GDj 5A$5$l$k $N$G!"!V ( E@8; $N>l9g ) H>7B 6 J,0JFb $r@QJ,$7 $?CM$,M- 8zLL@Q $K$J$k$h$&$K5,3J2=$9$Y$-!W$H$$$&$N$,$h$j@53N$J8@$$J}$G$"$k!# 37 $3$l$rFI$s$G$*5$$E$-$@$H;W$&$,!"%$%a!<%8$O 0.1keV 9o$_$G$7$+M?$($i$l$J$$!# 38 $3$N$h $&$K;X Dj$9 $k$H!" jbldarf $O FbIt$G sprintf() $r MQ$$ $F %03d $N$H$3 $m$K ( %(%M %k%.!< � 10) $rE8 3+$9 $k!#%(%M %k%.!< $NC10L $O keV !# 39 <BMQNc$H$7$F!"8=:_!" X @~8;$,A4E70lMM$K9-$,$C$F$$$k$H2>Dj$7$? CXB MQ$N ARF $,$3$NJ}K!$G:n$i$l$F$$$k!# 40 ARF %U%!%$%k$N EFF AREA %+%i%‘$r8+$l$P4JC1$K$o$+$k!# 26

3.5.4 %$%a!<%82r@O$X$NMxMQ (GIS $N$_ ) jbldarf K\ Mh$NMQ ES$H $O>/$7 30$l$k $,!" DEBUG %Q %i%a!<%? $r ON $K$7 $?;~$K EG$-=P $5$l$k %U%!%$ %k$r%$ %a!< %82r @O$K MxMQ $9$k $3$H $, $G$- $k!# jbldarf $O$b $H$b $H$N %$%a!< %8 (Position-�le) $, XR T $d 8!=P 4o$G $J$^ $5$l$k8z2L$rFbIt$G7W;; $7$F$$$k$N$G!" ./map/exp o nnn .�ts $r%(%M%k%.!<$4$H$K=E$_ $r$D$1$FB-$79g$o$;$?$b $N$O!" GIS $G8!=P $5$l$?%$%a!< %8$HF1$8$K $J$C$F$$$k $O$:$G$"$k!# $3$l$r5U<j $K$H$l$P!"$$ $m$$$m$J 9-$,$j$N %b %G%k $r Position-�le $K F~$l $F 8!=P $,M= A[ $5$l $k %$%a!< %8 $r:n $j!" GIS $N%$ %a!<%8 $H 0lHV NI $/9g$C $? $b$N $, $b$C$H$b$i$7$$9-$,$j$N%b%G%k!"$H$$$($h$&!# $b$C$H$b!" 8=>u$N XR T $N%l%9 %]%s%9$r9M$($k$H jbldarf $,:n$C$?%$ %a!<%8$,$I$NDxEY@53N$K 8!=P4o>e$G$N %$%a!<%8$r:F8=$9$k$+$O5?Ld$,;D$k!# 27

Bh 4 >O 4XO"%D!<%k $3$N>O$G@bL@$9$k%D!<%kN‘$O jbldarf %j%j!<%9%-%C%H$N ./src/to ols/ %G%#%l%/%H%j$NCf$K<}$a$i$l$F$$$k!# 4.1 addarf addarf $O!"J#?t$N ARF %U%!%$%k$N2C=EJ?6Q$r$H$k%W%m%0%i%‘$G$"$k!#L>A0$K$O!" ’add’ $H$D$$$F$$$k$,!" <B:]$OJ?6Q$r$H$C$F$$$k$N$G5$$r$D$1$FM_$7$$!#;H$$J}$O!"<!$N$h$&$K$J$C$F$$$k!# addarf [-norm] Output-�le g 1 ARF 1 � � � g n ARF n -norm %*%W%7%g%s$r$D$1$?;~$H$D$1$J$$;~$G$O!"7W;;<0$O0c$C$F$$$k!#7W;;<0$O!"=PMh$k ARF $r A[ E ] !"B-$7 9g$o$;$k ARF $r A n [ E ] !"%9%1!<%j%s%078?t$r g n $H$9$k$H!"<!$N$h$&$K$J$k!# (1) -norm %*%W%7%g%s$r$D$1$J$$;~ A[ E ] = n X i =1 g i A i [ E ] . n X i =1 g i (2) -norm %*%W%7%g%s$r$D$1$?;~ A[ E ] = n X i =1 g 0 i A i [ E ] . n X i =1 g 0 i $?$@$7!" g 0 i = g i X E A 1 [ E ] . X E A i [ E ] ;H$$J}$H$7$F$O!"<!$N SPEC1 , SPEC2 $N$h$&$J 2 $D$N%9%Z%/%H%k$H$=$lMQ$N ARF $,$"$C$?>l9g!" ( SPEC1 + SPEC2 ) MQ$N ARF ( ARF 1+2 ) $O!"6a;wE*$K<!$N$h$&$K$7$F:n$k$3$H$,$G$-$k!# %9%Z%/%H%k @QJ,;~4V %+%&%s%H?t ARF SPEC1 T 1 N 1 ARF 1 SPEC2 T 2 N 2 ARF 2 ( SPEC1 + SPEC2 ) T 1 + T 2 N 1 + N 2 ARF 1+2 (1) -norm %*%W%7%g%s$r;H$o$J$$>l9g addarf ARF 1+2 T 1 ARF 1 T 2 ARF 2 (2) -norm %*%W%7%g%s$r;H$C$?>l9g addarf -norm ARF 1+2 N 1 ARF 1 N 2 ARF 2 K\Mh$O JL!9$K%9%Z%/%H%k%U%#%C%H$r9T$J $&$N$,@5$7$$$N$@$m$&$,!"B- $7$F$7$^$C$?J}$,4JC1$KE}7W $b>e$2$i $l$k$7!" XSPEC $N2hLL$bHK;($K$J$i$J$$$G$9$‘!# 4.2 mak emap makemap $O Region-�le $d Position-�le $r:n$k$?$a$N%5%s%W%k%W%m%0%i%‘$G$"$k!#;H$$J}$O!"<!$N$h$&$K $J$C$F$$$k!# makemap teldef-�le c enter-X c enter-Y outer-r adius [ inner-r adius ] > Output-�le 28 jbldarf $HF1 $8$/!":B I8$O 8!=P4o %_%j%a!< %H%k:B I8$G;X Dj$9$k!# @5$7$$ %^%C%W$r :n$k$? $a$K$O!" jbldarf $,;H $& $N $HF1 $8 teldef %U%! %$%k $r ;XDj $7$F $d$k I,MW $,$" $k!# inner-r adius $r>J N,$7 $?>l 9g$O!" 0 $, %;%C%H $5$l $k!# %j%s%0 >u$NNN0h$7 $+;XDj$G$- $J$$$?$a!" $3$l$rC1FH $G;HMQ$9$k $3$H$K$"$^ $j0UL#$O$J $$ 1 !#$7 $+$7!"$3$& $d$C$F :n$C$? %$%a!<%8$r SIS $N%A%C %W%^%C%W $H AND $r $H$C$?$j (2.7.2 ;2>H ) !"%9%‘!< %8%s%0 $r$+$1 $?$j$9$l $P!";H $$F;$O9-$,$k$@$m$&!# 4.3 mk arf.sh < U > mk arf.sh $O shell script $+$i jbldarf $r;H$&%5%s%W%k%W%m%0%i%‘$G$"$k$,!":BI8$N;XDj$r8!=P4o:BI8$G9T$J $($k$H$$$&JXMx$JFCD’$r;}$C$F$$$k!#;H$$J}$O!"<!$N$h$&$K$J$C$F$$$k!# mkarf.sh Output-�le Dete ctor-ID c enter-Xch c enter-Ych outer-r adius >e5-$N$h$&$K0z?t$r;XDj$7$FF0$+$7$F$d$k$H!"<+F0E*$K jbldarf $r8F$s$G ARF $r:n@.$7!"=*N;$9$k$h$&$K$J$C $F$$ $k!#$? $@$7 ;2>H $9$k RMF $O!" shell script $NCf $G%;%s %5!<$4 $H$K Dj5A $7$F$$ $k$N $G!"$3 $l$r $-$A$s $H@_ Dj$7$F$*$/I,MW$,$"$k!# $J$*!" FTOOLS $N%P!<%8%g%s$K $h$C$F$O!" jbldarf.par $N Cf$N %Q%i%a!<%?$NL> A0$r$9$Y$F>.J8 ;z$K$7$J < N > $$$H!"@5>o$KF0:n$7$J$$>l9g$,$"$k!# 4.4 dumm yrmf < U > dummyrmf $OBP3Q@.J, $N$_$, 1 $N!" %@%_!<$N%l%9%]%s %9%U%!%$%k$r:n$k %W%m%0%i%‘$G$" $k!#;H$$J}$O!"<! $N$h$&$K$J$C$F$$$k!# dummyrmf Output-RMF-�le PH Mn PH o� Emin Emax detchans XSPEC $G8!=P 4o$N%l%9 %]%s%9$r L5;k$7$F %9%Z%/ %H%k$r%U%#%C %H$7$?$$ ;~$J$I$K ;H$($k$@ $m$&!# FTOOLS $N %Q%i %a!< %? %$%s %?!< %U%’%$ %9 $r ;H$C$? %W %m%0 %i %‘$K $J$C $F $$$k $N $G!"<B 9T $K $O dummyrmf.par $,I, MW $G$" $k!#3F%Q%i%a!<%?$N0UL#$O!"<!$NDL$j!# Output-RMF-�le :n@.$9$k%@%_!<%l%9%]%s%9$N%U%!%$%kL>!# PH Mn 5.8942 keV (Mn $N K � @~ ) $N%(%M%k%.!<$,BP1~$9$k PHA %A%c%s%M%k!# PH o� 0 k eV $N%(%M%k%.!<$,BP1~$9$k PHA %A%c%s%M%k!# Emin E MIN $,$3$l$h$j$bBg$-$$%+%i%‘$, RMF $K=q$+$l$k!# Emax E MAX $,$3$l$h$j$b>.$5$$%+%i%‘$, RMF $K=q$+$l$k!# detchans PHA $N%A%c%s%M%k?t!# dummyrmf $G:n @.$7$? RMF %l%9 %]%s%9$N Energy $H PHA $N4X78$O!" PH Mn = 500 !" PH o� = 0 !" detchans = 1024 $H$7 $?>l9g!"<! $N?^$N $h$&$K$J $k!# Energy 0 k eV $KBP 1~$9$k $H$3$m$, PHA $N:G=i$N %S%s $N2<C<$K$J$k$3$H!" PHA $, 0 $+$i;O$^$k$3$H!"$N 2 E@$KCm0U$7$FM_$7$$!# 1 ARF $N%X%C%@$K>pJs$,;D$kJ,$@$1!" jbldarf $KD>@\%Q%i%a!<%?$G;XDj$7$?J}$,F@$G$"$k!# 29

4.5 pressrmf pressrmf $O!" RMF $N%^%H%j%C%/%9@.J,$, 0 $N$H$3$m$r05=L $7$F!" RMF %U%!%$%k$r>.$5$/$9$k%W%m%0 %i %‘$G$"$k!#;H$$J}$O!"<!$N$h$&$K$J$C$F$$$k!# pressrmf Input-RMF-�le [ Output-�le ] Output-�le $N ;XDj $,$J $$$H$- $O!" Input-RMF-�le $K %*!<%P!< %i%$ %H$5 $l$k!# sisbldrsp2 $G:n$i $l$k %l%9 %]%s%9 $d!" GIS %A!<%‘$+$i%j %j!<%9$5$l $k RMF $O$9 $G$K05=L $5$l$F$$ $k$N$G!" pressrmf $r$+$1$k I,MW$O$J $$!# 4.6 addarfrmf < N > addarfrmf $O!"J# ?t$N ARF � RMF %U%! %$%k $N2C=E J?6Q $r$H$k %W%m %0%i%‘ $G$" $k!#J? 6Q$N%" %k%4 %j%:%‘ $O addarf $HF1MM$J$N$G!"$=$A$i$r;2>H$5$l$?$$!#;H$$J}$O<!$N$h$&$K$J$C$F$$$k!# addarfrmf [-norm] Output-�le g 1 ARF 1 RMF 1 � � � g n ARF n RMF n addarf $H0[$J$C $F!":n@.$5$l$k%U%! %$%k$O RMF %l%9%]%s%9$G $"$j!" ARF $b4^$s$@ $b$N$H$J$k!# SIS $N >l9g $O!"%A%C%W $4$H$K RMF %l%9 %]%s%9 $b0[$J$k $N$G!" addarf $G$OIT== J,$G!" addarfrmf $r ;H$C$?J} $,NI$$ $@$m$&!# 4.7 gisnortarf < N > jbldarf $G:n@.$7$? GIS $N ARF %l%9%]%s%9$O!"6/NO%i%$%:%?%$%‘%+%C%H ( gisclean ) $N$+$+$C$?%9%Z%/%H %kMQ $G$"$k $,!" gisnortarf $O!"$3 $l$r6/ NO%i%$ %:%?%$ %‘%+%C%H $N$+$+$C $F$$$J $$%9%Z %/%H%kMQ $N ARF %l%9%] %s%9$XJQ49$9$k%D!<%k$G$"$k!#;H$$J}$O<!$N$h$&$K$J$C$F$$$k!# gisnortarf ARF-�le qdp- ag ;X Dj $7 $? ARF-�le $r D> @\ =q $- 49 $( $k $h$& $K $J$C $F $$ $k!# qdp- ag $O!" JQ 49 Dj ?t $r qdp %U%! %$ %k $K =q $- $@ $9$+ $I $& $+$N %U %i%0 $G $"$k!# qdp %U%! %$ %k $NL> A0 $O!" ARF-�le $G;X Dj $7 $?%U%! %$ %k$N 3H D%;R $r .qdp $H$7 $? $b$N $, IU$1 $i $l$k!# %X%C %@$K gisnortarf $r$+ $1 $?$H $$ $&>p Js $r=q $- 9~$‘ $N $G!" 2 2s0J >e!" F1$8 ARF-�le $K gisnortarf $r $+ $1 $k $3$H $O $G $- $J$$!# FTOOLS $N %Q %i%a!< %? %$ %s%?!< %U%’ %$ %9 $r;H$C $? %W %m %0%i %‘ $K $J$C $F $$$k$N$G!"<B9T$K$O gisnortarf.par $,I,MW$G$"$k!# 30

Bh 5 >O F A Q F A Q $H$O!"!V F requen tly Asded Question $NN,$G!X$h$/$"$k<ALd$H!"$=$N2sEz=8!Y$H8@$&0UL#!W$G$9!# ( UNIX- SIG F A Q List with partial answers (Last Up date: 19-F eb-1994) $h$j ) <ALd 1. C/$, jbldarf $r:n$C$F$$$k$N!) Ez . $* $b $K!" Cx <T !J@P :j!" J? ;3!K $, %W %m %0 %i %‘ $r=q $$ $F $$ $^ $9!# Fb Lu $r 8@ $& $H!" SIS ARF $N 7W ;; It $r J? ;3!" GIS ARF $N 7W;;It$r@P:j$,=q$-!"%f!< %6%$%s%?!<%U%’!<%9It$O@P:j!" J?;3$,6&F1$G=q$$$F$$ $^$9!# XR T $H GIS $N %l %9 %]%s %9 $N It J,$O $= $l $>$l!" XR T !" GIS N> %A!< %‘ $+$i 8x I= $5$l $? 4X ?t $r;H $$ $^ $9$N $G!" XR T !" GIS N>%A!<%‘$NJ}!9$K$b$4;22C$$$?$@$$$F$$$k$3$H$K$J$j$^$9!# <ALd 2. $I$&$7$F RMF $rFI$‘$N!) Ez . jbldarf $O!"%(%M%k%.!<$N9o$_ (ENERG LO !" ENERG HI $N%+%i%‘ ) $r RMF $+$iFI$_9~$s$G!"F1$8 9o$_ $G ARF $r7W ;;$7 $^$9!#$^ $?!" TELESCOP $d INSTR UME $J$I $N%X%C %@$NCM $b RMF $+$i %3%T!< $5$l $k $h$& $K$J$C $F$$ $^$9!# $3$l $i $O$$ $:$l $b!" XSPEC $G$N %9%Z %/%H %k%U%#%C %H $N:] $N%G!< %?$N @09g @-$r 3N J]$9 $k$?$a$K9T$J$C$F$$$^$9!# $J$* XSPEC $O RMF $H ARF $G%( %M%k%.!<$N9o $_$,F1$8$K $J$C$F$$$k$+$I $&$+$r%A%’%C%/ $7$J$$$h$& $J $N$G 1 !" RMF $H ARF $NAH$_9g$o$;$r4V0c $($k$H$H$s$G$b$J$$%U%#%C%H7k2L$,F@$i$l$?$j$7$^$9$N$G!"5$$r$D $1$^$7$g$&!# <ALd 3. $‘$+$7:n$C$? ARF $, XSPEC $d addarf $GFI$a$J$/$J$C$A$c$C$?$s$@$1$I Ez . 0.50 $h$jA0$N jbldarf $G$O 1st extension $NL>A0$, ’ARF’ $H$J$C$F$$$F!" XSPEC 8.40 $d jbldarf-0.50 $KIU B0$N addarf $G $O$3$N$h $&$J ARF $O <u$1IU$1 $i$l$^ $;$s!# FTOOLS $N fmo dhead $J$I$r;H$C $F!"<!$N $h$&$K%X%C%@$r=q$-49$($l$P!"FI$a$k$h$&$K$J$j$^$9!# EXTNAME = ’SPECRESP’ / name of this binary table extension <ALd 4. XSELECT $G saoimage $N Cf$+$i A*$s$@ NN0h$r $=$N$^ $^ jbldarf $K ;XDj$9 $k$H!"Bg $-$5$, HyL/$K 0c$& $h$&$J5$$,$9$k$N$G$9$,!) Ez . 0lHL$K!" XSELECT $+ $iA*$s $@J}$,NN 0h$,Bg $-$/$J$k $h$&$G $9!#:#$N$H $3$m$O$C $-$j$H$7 $?860x $O$o $+$C$F$$$^$;$s$,!"CSJU$5$s$,<!$N$h$&$J$3$H$8$c$J$$$+$H65$($F$/$l$^$7$?!# IRAF $G$O!"%T%/%;%k$,$A$g$C$H$G$b;XDj$7$?HO0O$KF~$C$F$$$l$P!"$=$N%T%/%;%k$OA*$P$l$?$3$H$K$J$k$= $&$G$9!#0lJ}!" jbldarf $G$O!"%T%/%;%k$NCf?4$,!"6-3&$r4^$‘HO0O$KF~$C$F$$$l$PA*$P$l$?$3$H$K$J$j$^$9!#$= $N$? $a IRAF $GA*$s $@NN0h $NJ}$, IaDLBg $-$/$J $k$=$& $G$9!# XSELECT $b!"$3$l $HF1$8 $h$&$K NN0h$, ;XDj$5 $l$k$N$G$7$g$&!# $J$*!"8_49@-$,B;$J$o$l$k$?$a jbldarf $r>e5-$N$h$&$KJQ99$9$kM=Dj$O$"$j$^$;$s!# 1 >/$J$/$H$b V ersion 8.34 $G$O$=$&$@$C$?!#%S%s?t$,F1$8$+$I$&$+$O%A%’%C%/$9$k!# 31

<ALd 5. jbldarf $O FTOOL $J$N!) Ez . FITS %U%! %$%k$r <h$j07 $&%D!< %k$G$O $"$j $^$9$,!" GSFC $+ $i=P$5 $l$F $$$k FTOOL $N5, Dj$K $O1h$C $F$$$J$$$N$G!"$=$&$$$&E@$G$O FTOOL $G$O$"$j$^$;$s!#$A$J$_$K!" GSFC $+$i$O!" ARF 7W;;MQ$N FTOOL $H$7$F ASCAARF $H$$$&$b$N$,%j%j!<%9$5$l$F$$$^$9!#>\$7$/$O!" fhelp $J$I$GD4$Y$F$_$F2<$5$$!# <ALd 6. jbldarf $OI=39F;$J$N!) Ez . :BI87O$J $I$OI=39F;$G ;H$o$l$F$$$k $b$N$r:NMQ$7 $F$$$^$9!#$=$N $?$a!">l9g$K$h$C $F$O!"N"39F;%f!< %6 $K$O ;H$$$K$/ $$LL$b $"$k$+$b CN$l$^$; $s!#$7$+ $7!" GSFC $+ $i%j%j!< %9$5$l$F $$$kLu $G$O$"$j $^$;$s$+ $i!"I= 39F;$H$b8F$Y$J$$$G$7$g$&!# <ALd 7. %7%9%F%‘%Q%i%a!<%?%U%!%$%k$,$J$$$C$F$$$o$l$k$s$G$9$1$I Ez . $3$N%(%i!<%a%C%;!<%8$O!"4D6-JQ?t$N SYSPFILES $G;XDj$5$l$k%G%#%l%/%H%j$K jbldarf.par $,$J$$;~ $KI=<($5$l$^$9!# (FTOOLS 3.0 0J9_$N libhost.a $r;HMQ$7$?>l9g$K$3$NLdBj$,5/$3$j$^$9 ) 2r7hJ}K!$H$7$F$O!"<!$N 3 $D$N$d$jJ}$,$"$j$^$9!# (1) %7%9%F%‘%^%M!<%8%c$KMj$s$G!" jbldarf.par $r%7%9%F%‘NN0h$K%3%T!<$7$F$b$i$&!# (2) 4D6-JQ?t$N PFILES $+$i%7%9%F%‘%Q%i%a!<%?%U%!%$%k$N%Q%9$r=|$/!# (3) 4D6-JQ?t$N PFCLOBBER $r unseten v $9$k!# J}K! (1) $,$b$C$H$bK>$^$7$$$G$9$,!"$d$‘$rF@$J$$;~$O!"J}K! (2) $d (3) $r$H$kI,MW$,$"$j$^$9!#$?$@$7!" J}K! (2) $^$?$O (3) $r$H$C$?;~$O!"B>$N FTOOLS $NF0:n$K$b1F6A$rM?$($k$N$G!"Cm0U$7$F2<$5$$!# 32

Guide to ASCA ANL v2.00 b y ASCA ANL W orking Group H. Kub o 1 , M. Hira y ama 1 , Y. Ishisaki 3 , K. Mitsuda 2 , M. T ashiro 1 and T.T ak ahashi 2 1 Dept. of Physics, Univ. of T okyo, Bunkyo-ku, T okyo 113,JAP AN 2 Inst. Sp ac e Astr onautic al Scienc e, Sagamihar a, Kanagawa 229,JAP AN 3 Dept. of physics, T okyo Metr op olitan University, Hachioji, T okyo 192-03, JAP AN March 5, 1997 i Mailing List The ASCA ANL working group provides you a mailing list \ asca-anl ". With this mailing list you are announced a release of the latest version of the ASCA ANL and you can get many useful information on ASCA ANL. Because we announce all issues on the ASCA ANL with the mailing list, those who are going to use the ASCA ANL are strongly recommended to subscrib e to the mailing list. The mailing list is also aimed to exchange information on the ASCA ANL b etw een users and the working group members. Please inform us your requests or bugs you found. Any questions on the ASCA ANL are welcomed. T o p ost y our issues to the mailing list, send a mail containing your issues to asca-anl@phys.s.u-tokyo.ac.jp T o subscrib e to the mailing list, send a mail containing only SUBSCRIBE to asca-anl-request@phys.s.u-tokyo.ac.jp Note that the address asca-anl-request@phys.s.u-tokyo.ac.jp is for an automatic subscription system and DO NOT send your request on the ASCA ANL to this address.

ii ASCA ANL contrib The ASCA ANL working group o�ers an opp ortunity to exchange useful mo dules created by the ASCA ANL users. The ASCA ANL contrib is a system to gather useful mo dules and useful functions as user’s con tribution and to re-distribute them to users. There are tw o wa ys to access the ASCA ANL contrib. 1. Anonymous FTP By courtesy of R.F ujimoto and other p eople at ISAS, we can use a following anon ymous FTP servise for the ASCA ANL contrib. ftp://ftp.astro.isas.ac.jp/asca/software/isas/asca anl contrib/ This direcotory can also b e seen as ISAS:/xray/s1/ftp/software/isas/asca anl contrib/ . Read README (in Japanese) �rst. 2. WWW (W orld Wide W eb) W e also put the same information as a hyper text on WWW. Y ou can browse the same information with \Mosaic". file://ftp.astro.isas.ac.jp/asca/software/isas/asca anl contrib/Summary.html Read About ASCA ANL contrib (in Japanese) �rst. Any contribution on the ASCA ANL of y ou are welcomed. Y our con tribution is not necessarily an ASCA ANL mo dule. Usefule function, useful shell script, useful program, all these are accepted as your contribution as far as it is related to the ASCA ANL. There are some restrictions to put your con tribution to the ASCA ANL contrib. It is describ ed in README in the anonymous ftp directory and in About the ASCA ANL contrib on WWW. Please read it carefully b efore you put your contribution. W e are lo oking forward to your contributions.

Con ten ts 1 Introduction 1 2 Getting Started 3 2.1 Compile Sample Program : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 2.1.1 Copy a Sample : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 2.1.2 Arrange Make�le : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 2.1.3 Make : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 2.2 W alk Through the ASCA ANL : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 2.3 Browse Results with Display45 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 3 On Y our Own 12 3.1 What is the Mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 3.1.1 Structure of the Mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 3.1.2 Mo dule in the ASCA ANL : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 3.2 How to Create the Mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13 3.2.1 mk anlmodule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 3.2.2 Co ding Analysis : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 3.2.3 De�nition of Histogram : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 3.2.4 User Interface : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 3.2.5 Initialization and T ermination : : : : : : : : : : : : : : : : : : : : : : : : : 18 3.2.6 Op ening and Closing Data Set : : : : : : : : : : : : : : : : : : : : : : : : : 19 3.3 How to \Link" Y our Mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 3.3.1 Make�le in the Sample : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 3.3.2 What is happ ening : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 4 Reference for Exp ert 23 4.1 Mo dule and Command : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 4.2 Analysis Chain : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 4.2.1 Flow Control : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 25 4.2.2 Pseudo Even t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 26 4.3 Data I/O : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 4.3.1 BNK/EVS Keywords : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 27 4.3.2 BNKF/EVSF | F aster BNK/EVS | : : : : : : : : : : : : : : : : : : : : : 29 4.3.3 Supp ort Macros for BNKF/EVSF : : : : : : : : : : : : : : : : : : : : : : : 30 4.3.4 Bu�er Size of BNK and HBOOK : : : : : : : : : : : : : : : : : : : : : : : : 31 4.4 Ro ot Mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 32 iii

CONTENTS iv 5 Utility Routines 35 5.1 ANL readHK : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 35 5.2 ANL readGISmoni : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 36 5.3 ANL orbit : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 37 5.4 ANL GETLUN/ANL FREELUN : : : : : : : : : : : : : : : : : : : : : : : : : : : : 37 5.5 ANL GET CHAIN INF O/ANL CURRENT CALL : : : : : : : : : : : : : : : : : : 38 6 Built-in Mo dules 40 6.1 FITSREAD : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 40 6.2 SISREAD with SISTUNE : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 41 6.3 GISREAD with GISTUNE : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 42 7 Details on FOR TRAN Mo dule 45 8 Details on C Mo dule 54 A Installation of the ASCA ANL 63 A.1 Install FTOOLS, CERN libraries, etc. : : : : : : : : : : : : : : : : : : : : : : : : : 63 A.2 FTP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 A.3 Expand : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 A.4 Arrange Make�le : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 A.5 Make : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 A.6 Install : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 64 A.7 Install T est : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 65 B BNK 66 B.1 In FOR TRAN : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 66 B.2 In C : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 67 C EVS 68 D HBOOK 69 E CLI Sp ecial Directives 71

List of Figures 4.1 Schematic drawing of relationship b etw een the ASCA ANL command and subrou- tines in a mo dule : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 24 v

Chapter 1 In tro duction The ASCA ANL is an analysis frame work 1 for the ASCA exp eriment sp ecially designed for those who may write programs for their own analysis in "human" wa y . It accepts a set of user- supplied 2 simple mo dules and handles the execution sequence of the mo dules. The sequence can b e dynamically changed and a user can sp ecify the mo dules to b e executed and the order of execution. The ASCA ANL provides standard en vironmen t for the programmer. It has several built-in mo dules to access photon information in the science FITS �le together withe the orbital informa- tion in the orbit FRF and the HK FITS �le 3 . This feature enables a user to analyze ASCA data in a "h uman" wa y . It reads data from the FITS �le pro duced by the FRF read/ASCALIN/XSELECT and pass them to the user’s mo dule. Th us the user do es not hav e to know details of FITS I/O nor a format of the orbit FRF. F urthermore, he/she is allow ed to p erform his/her original anal- ysis b ecause the mo dule can b e written easily as the user pleases, even if it is not supp orted in XSELECT. By standardizing the wa y to write programs, the user is b ene�ted in sev eral wa ys from the analysis p oin t of view. First, since most part of user interface is provided by the ASCA ANL system, all softw are written in the ASCA ANL lo oks alike. The same lo ok-and-feel is sav es your time to learn how to use a new program ev ery time. Second, the user can easily combine mo dules written by di�eren t p eople. Numerous wa ys of analysis can b e realized simply by combining "ready- made" mo dules. 4 Third, Once a user mo dule is established in the ASCA ANL, the mo dule can b e easily transformed to a standard FTOOL pack age 5 as exp ected by p eople living in the "human" world. The ASCA ANL uses v arious softw are pack ages in high energy exp eriments developed so far. Esp ecially , HBOOK4 6 is a standard histogram pack age in the system that allows the user to make as many histograms (sp ectra) as he/she desires. DISPLA Y45 7 reads histogram �les stored by HBOOK4 in the ASCA ANL and allo ws the user to op erate histograms in v arious wa ys. These to ols are useful and p ow erful as well as they are well-main tained. In addition, it conv erts a format of the histogram in to a sp ectral FITS format and sa v es it in a sp ectral FITS �le for XSPEC. In this do cumentation, we introduce a concept of ANL system. W e present a "w alk-through" 1 The ASCA ANL is "humanistic" softw are rather than "animal" softw are. The key of the ANL system is the "softw are-pipeline". The concept of the ANL system was �rst inv en ted by the PEP4 group at LBL and the scheme was used in the analysis extensively . 2 In the ASCA ANL world a "user" means a p erson who write programs for their analysis. Thus, you can say a user is a programmer and analyzer. 3 the BNK/EVS system is used to handle the communication b etw een mo dules. 4 F or example, the ASCA ANL has a built-in mo dule that reads FRF �le directly . Since the system manages to deliver the photon data is the same wa y as the one for FITS data, the same mo dule can analyze data b oth from FITS �les and from FRF �les. 5 By just adding standard I/O routines required for the FTOOL pack age. 6 A standard histogram pack age in CERN Library . 7 DISPLA Y45 is a command-driven interactiv e histogram browsing program 1

CHAPTER 1. INTRODUCTION 2 guide, instructions to access data, and a template of a mo dule. Also, an example of user mo dules are listed in app endix.

Chapter 2 Getting Started The b est w a y to learn an analysis system is to use it. In this chapter 1 we describ e the wa y to analyze ASCA data using the ASCA ANL system with a sample program gisspec (see b elo w) as an example. W e recommend you to read this chapter in front of your computer follo wing our directions b elow. T o clarify the directions, let us assume: 1. the ASCA ANL has already installed in your computer 2. the ASCA ANL is installed in a directory /asca anl/ 3. Y ou run the ASCA ANL on a directory ~/work/ 4. Display45 has already installed in your computer 2.1 Compile Sample Program Some examples of a user program are attached to the distribution kit of the ASCA ANL. Each mo dule in the samples is written b oth in F OR TRAN and in C. W e hop e they help you to understand the ASCA ANL system 2 . Y ou can compile the samples easily as follows: 1. Copy source �les of a sample you wan t to compile. 2. Mo dify include �les for your computer system (if needed). 3. Make the sample. 2.1.1 Cop y a Sample Each directory b elow a directory sample corresp onds to a sample program. The name of eac h directory is self-explanatory . Find a program you wan t to compile among them and copy the directory to your lo cal directory . In our case, type % cd ~/work % cp -r /asca_anl/sample/gisspec . 1 Y ou can skip this chapter if you hav e an experiment to analyze data with ASCA ANL. 2 the samples are written carefully from \ASCA ANL" p oint of view. Each sample is full of recommendations by the ASCA ANL working group. W e hope you master how to write your mo dule by referring the samples. 3

CHAPTER 2. GETTING ST AR TED 4 2.1.2 Arrange Mak e�le Before compiling the sample, you ha v e to mo dify 3 a �le Includes.make to �t you computer sysytem. % cd gisspec % emacs Includes.make In the �le Includes.mak e sev eral macros are de�ned to sp ecify the directory structure of your computer system. Edit the �le and c hange de�nitions of macros appropriately . Each macro sp eci�es the directory which contains a library or header �les for the library and how to compile and link them to the ASCA ANL system. T able2.1 shows required con ten ts in the directory sp eci�ed b y the macros. Also, option ags for a compiler and a linker are also listed in T able2.1. MACRO Directory Con ten ts etc. ASCA ANL DIR the ASCA ANL directory ASCA ANL INC header �les of the ASCA ANL ASCA ANL LIB libraries of the ASCA ANL ASCA ANL BIN executables for the ASCA ANL ASCA ANL LNK link option for the ASCA ANL ASCATOOL DIR ascato ol directory ASCATOOL INC header �les for ascato ol ascatool.h , etc. ASCATOOL LNK link option for ascato ol libascatool.a COM CLI LNK link option for CLI/COM libCOM.a , libCLI.a , libreadline.a ATFUNCTIONS INC header �les for atF unctions atFunctions.h and atError.h ATFUNCTIONS LNK link option for the atF unctions libatFunctions.a CERN DIR CERN directory CERN INC header �les for CERN library cfortran.h and hbook.h CERN LNK link option for CERN library libgraflib.a , libgrafX11.a , libpacklib.a , libkernlib.a , libmathlib.a , libX11.a FITSIO LNK link option for FITSIO libfitsio.a CC default C compiler FC default FOR TRAN compiler DEFAULT F77 LNK default FOR TRAN library T able 2.1: Macros in Includes.make 2.1.3 Mak e In order to "mak e" it, just type 3 In most cases you can skip this pro ceedure b ecause Includes.make is mo di�ed so by a p erson who installed the ASCA ANL.

CHAPTER 2. GETTING ST AR TED 5 % make in the current directory . When all compilations are done, executables gisspec f and gisspec c are created in the current directory . gisspec f corresp onds to gisspec f.f and circreg f.f , source �les of mo dules GISSPEC and CIRCREG written in FOR TRAN and gisspec c is created from gisspec c.c and circreg c.c , source �les of mo dules GISSPEC and CIRCREG written in C. A mo dule FITSREAD and A main program of the ASCA ANL were also linked to the resultant executables. T o run gisspec f , type % gisspec_f and to run gisspec c , type % gisspec_c. V ery few di�erences 4 are resulted from tw o executables. 2.2 W alk Through the ASCA ANL Now let us see an example of analysis with the ASCA ANL. Since the usage of any user program are similar in its user interface, you can analyze data with this program by following the instructions in this section. W e compiled a program gisspec f and gisspec c b oth of which includes \FITSREAD", \CIR- CREG", and \GISSPEC" as linked mo dules. By typing gisspec f or gisspec c in a command line you can see a command menu of the ASCA ANL and the prompt "ANL > ". %gisspec_f ANL: Program ASCA_ANL *** ASCA Analysis *** DEFINE_ANALYSIS SHOW_ANALYSIS MODIFY_PARAM BOOK_HISTOGRAM ANALYZE_DATA QUIT ANL: Select 1 Option ANL> The �rst thing you hav e to do is to de�ne an analysis chain. T o de�ne the analysis chain, type "DEFINE ANAL YSIS" or its abbreviation. The command name can alwa ys b e abbreviated and the ASCA ANL do es not distinguish b etw een upp er case and lo w er case. ANL> define ANL: Program ASCA_ANL *** Define Analysis *** NONE FITSREAD CIRCREG GISSPEC FULL ANL: Select 1 or More, Then OK ANL> In this men u you can see all the mo dules you linked in gisspec f . Also, names NONE and FULL are display ed. These tw o are reserved in ASCA ANL and explained b elow. Supp ose that we read ASCA data from a science FITS �le, select even ts in a circular region on GIS images, and create GIS sp ectra and GIS images. T o do these we need three mo dules; FITSREAD to read data from a FITS �le, CIRCREG to select even ts in the sp eci�ed circle on GIS images, and GISSPEC to obtain GIS sp ectra and GIS images. Y ou can choose these mo dules in this order by typing FITSREAD CIRCREG GISSPEC ok . The ASCA ANL returns to the command menu by accepting \ok". 4 Possible di�erences are the num ber of spaces or blank lines in output or something minor.

CHAPTER 2. GETTING ST AR TED 6 ANL> FITSREAD CIRCREG GISSPEC ok ANL: Program ASCA_ANL *** ASCA Analysis *** DEFINE_ANALYSIS SHOW_ANALYSIS MODIFY_PARAM BOOK_HISTOGRAM ANALYZE_DATA QUIT ANL: Select 1 Option ANL> If you type FULL ok instead of FITSREAD CIRCREG GISSPEC ok , all the mo dules display ed in the menu are chosen, i.e. , the e�ect of typing FULL ok is, in this case, completely the same as you typed. If you type NONE ok instead, none of the mo dules is c hosen. Now let us return to our analysis. After de�ning the analysis chain, you can mo dify parameters you use in our analysis. T o do this, type MODIFY PARAM in the command menu. ANL> modify ANL: *** Modify Parameter *** NONE FITSREAD CIRCREG GISSPEC FULL ANL: Select 1 or More, Then OK ANL> In this men u y ou can see only three mo dules you selected in DEFINE ANALYSIS . By typing CIRCREG ok y ou are asked to mo dify parameters for the mo dule CIRCREG . ANL> circreg ok *** Circular Region *** Sensor to set (-1=end of set): 0 ? 0 DETX of Center (pixel): 640.5 ? 0.0 DETY of Center (pixel): 640.5 ? 0.0 Radius (pixel): 1024.0 ? 150.0 *** Circular Region *** Sensor to set (-1=end of set): 0 ? Y ou can sp ecify parameters as you desire by answering v alues as is asked. In ab ov e case we set a image region for SIS{0 centering (0.0, 0.0) with 150.0 pixels as its radius. The v alues prin ted left to a question mark is a default v alue. If you can accept the default, you can omit inputing a v alue, i.e. , all y ou hav e to do is to hit a return k ey . *** Circular Region *** Sensor to set (-1=end of set): 0 ? 1 DETX of Center (pixel): 640.5 ? DETY of Center (pixel): 640.5 ? Radius (pixel): 1024.0 ? *** Circular Region *** Sensor to set (-1=end of set): 1 ? In ab ov e case we set a image region for SIS{1 cen tering (640.5, 640.5) with 1024.0 pixels as its radius. Note that we did NOT type co ordinates of the region center BUT only hit a return key . There is another wa y to sp ecify parameters. Now you know the order of parameters to b e asked, it is a little bit b oring to hit the return key after typing a v alue. Y ou can put v alues in one line like this:

CHAPTER 2. GETTING ST AR TED 7 *** Circular Region *** Sensor to set (-1=end of set): 1 ? 2 0.0 0.0 16.0 *** Circular Region *** Sensor to set (-1=end of set): 2 ? In ab o v e case we set a image region for GIS{2 centering (0.0, 0.0) with 16.0 pixels as its radius. At this p oint p erhaps you feel uncomfortable by watc hing the input line b ecause the input line is di�cult to remem b er which v alue means what. Now you know the b egining 2 means GIS-2, �rst 0.0 means DETX of the region center, and so on. But, you may forget its meaning one month after. F or suc h p eople there is y et another wa y of sp ecifying parameters. Y ou can put meanings of the v alues to some extent in case of setting integer or oating p oin t paramters. *** Circular Region *** Sensor to set (-1=end of set): 2 ? g3 x=0.0 y=0.0 r=16.0 *** Circular Region *** Sensor to set (-1=end of set): 0 ? In ab o v e case we set a image region for GIS{3 centering (0.0, 0.0) with 16.0 pixels as its radius. How ab out this! In case of setting integer v alues the system 5 ignores a part of the input line whic h can not b e recognized as an integer ( g of g3 in ab ov e case). The same is true in case of oating p oin t v alues. Note that no space is allow ed b etw een g and 3 . Also, x=0.0 m ust not include an y space b etw een x , = , and 0.0 . The others follo w the same restriction. After setting parameters t yp e -1 to return to the command menu as is prompted. Then you will b e back to the command menu again. *** Circular Region *** Sensor to set (-1=end of set): 3 ? -1 ANL: Program ASCA_ANL *** ASCA Analysis *** DEFINE_ANALYSIS SHOW_ANALYSIS MODIFY_PARAM BOOK_HISTOGRAM ANALYZE_DATA QUIT ANL: Select 1 Option ANL> The next is to b o ok histograms. Type a command BOOK HISTOGRAM or its abbreviated form and Select mo dules to b o ok histograms for. In our case histograms should b e b o oked for the mo dule GISSPEC . So type GISSPEC ok . ANL> book ANL: *** Book Histogram *** NONE FITSREAD CIRCREG GISSPEC FULL ANL: Select 1 or More, Then OK ANL> gisspec ok ANL: Program ASCA_ANL *** ASCA Analysis *** 5 Exactly sp eaking, this is a feature of the CLI, a standard user interface routines used in the ASCA ANL.

CHAPTER 2. GETTING ST AR TED 8 DEFINE_ANALYSIS SHOW_ANALYSIS MODIFY_PARAM BOOK_HISTOGRAM ANALYZE_DATA QUIT ANL: Select 1 Option ANL> Y ou can con�rm the analysis chain you de�ned now by commanding SHOW ANALYSIS . ANL> show ************************** ***** Analysis chain ***** ************************** [ 1] FITSREAD ------ [ 2] CIRCREG ------ [ 3] GISSPEC BOOKED HBOOK_BUF_SIZE = 2200000 BNK_BUF_SIZE = 120000 ANL: Program ASCA_ANL *** ASCA Analysis *** DEFINE_ANALYSIS SHOW_ANALYSIS MODIFY_PARAM BOOK_HISTOGRAM ANALYZE_DATA QUIT ANL: Select 1 Option ANL> The n um ber in a brac k et sho ws the order of pro cedures in our analysis. BOOKED at right most column means that histograms for the mo dule hav e already b een b o oked and ------ means not. HBOOK BUF SIZE and BNK BUF SIZE are sizes of bu�ers (in unit of four bytes) used for HBOOK and BNK, resp ectively . Now you are ready to analyze ASCA data. By commanding ANALYZE DATA you can pro ceed next stage of ASCA ANL. In this stage you can read data, analyze data, sav e histogram, clear histogram, and so on. On the w a y to this stage the SHOW ANALYSIS command is executed automatically . Also, PSEUDO INTERVAL 6 is printed out by FITSREAD in our case. No w you don’t hav e to w orry ab out PSEUDO INTERVAL b ecause it is set to zero as a default. That means nothing sp ecial happ ening to our analysis. ANL> ana ************************** ***** Analysis chain ***** ************************** [ 1] FITSREAD ------ [ 2] CIRCREG ------ [ 3] GISSPEC BOOKED HBOOK_BUF_SIZE = 2200000 BNK_BUF_SIZE = 120000 ANL: *** FITSREAD show parameter *** PSEUDO_INTERVAL 0.0000 (sec) ANL: Program ASCA_ANL *** ASCA Analysis *** READ_DATA SAVE_HIST CLEAR_HIST SHOW_STATUS RESET_STATUS EXIT ANL: Select 1 Option ANL> 6 See Section6.1 in details.

CHAPTER 2. GETTING ST AR TED 9 Command READ DATA starts the analysis. Y ou are asked to enter a name of a science FITS �le you wan t to analyze. ANL> read Input fits filename: frf.fits ? ../testdata/dummysis.fits successfully opened number of rows 128 Instrument : SIS0 Data Mode : BRIGHT Bit Rate : HIGH FTISREAD: Can not get STDGTI (status= 107) FTISREAD: use TSTART and TSTOP keywords After replying the �le name FITSREAD op ens the data �le. Then you are asked the n um ber of even ts y ou wan t to analyze. If you w an t analyze all data in the input FITS �le, reply -1 . Number of events (-1=all, 0=exit): -1 ? -1 Y ou are also asked a frequency of displaying the num b er of data analyzed until that time. If you sp ecify 500, you will see the num ber of analyzed data display ed every 500 even ts. In our case total num ber of even ts (printed b y FITSREAD ) is only 128, let us sp ecify 10 as a printout frequency . Event number printout frequency: 100 ? 10 Just after answering the printout frequency the ASCA ANL starts pro cessing data. Event... 1 Event... 11 Event... 21 Event... 31 Event... 41 Event... 51 Event... 61 Event... 71 Event... 81 Event... 91 Event... 101 Event... 111 Event... 121 ANL: Program ASCA_ANL *** ASCA Analysis *** READ_DATA SAVE_HIST CLEAR_HIST SHOW_STATUS RESET_STATUS EXIT ANL: Select 1 Option ANL> After �nishing analyzing data in the sp eci�ed �le If you hav e another FITS �le to b e analyzed, type READ FILE again and rep eat the pro cedure after that. With all the data analyzed, it is time to exit from this program. That is simple. Type EXIT . Then you will see the version num bers of mo dules in the analysis chain you de�ned and the statistics of the analysis y ou did b efore you exit. ANL> exit ************************** ***** Analysis chain ***** ************************** ASCA_ANL version 0.81 [ 1] FITSREAD version 0.73 [ 2] CIRCREG version 1.0 [ 3] GISSPEC version 4.0

CHAPTER 2. GETTING ST AR TED 10 *** results of Event selection *** < Number of selects : 26 > (EVS vers.2.6) 0 : SIS:SIS0 Event 0 : SIS:SIS1 Event 128 : GIS:GIS2 Event 0 : GIS:GIS3 Event 0 : SIS:PSEUDO Event 128 : GIS:PSEUDO Event 0 : SIS:SIS0 Pseudo 0 : SIS:SIS1 Pseudo 128 : GIS:GIS2 Pseudo 0 : GIS:GIS3 Pseudo 0 : ANL:BIT HIGH 0 : ANL:BIT MEDIUM 0 : ANL:BIT LOW 256 : GIS:PH mode 0 : GIS:MPC mode 0 : SIS:BRIGHT mode 0 : SIS:BRIGHT2 mode 0 : SIS:FAINT mode 0 : SIS:FAST mode 1 : FITSREAD:BEGIN 256 : FITSREAD:ENTRY 256 : FITSREAD:OK 128 : FITSREAD:PSEUDO 128 : FITSREAD:OBS 1 : CIRCREG:BEGIN 256 : CIRCREG:ENTRY 134 : CIRCREG:OK 1 : GISSPEC:BEGIN 134 : GISSPEC:ENTRY 134 : GISSPEC:OK The last question is if you need to sav e histograms or not. Y ou can answer Y or N . By en tering a �le name for histograms to b e sav ed you will exit from this program. If your sp eci�ed �le already exists, you are also asked if you wan t to delete the old one b efore you exit. Save histogram (Y/N): Y ? Y File Name: histfile.hbk ? test.hbk ’test.hbk’ already exists, delete (Y/N): Y ? Y Now you get the result of analysis in a �le "test.hbk". Y ou can op erate these histograms very easily with display45 . Here we just lo ok at resultant histograms with display45 . 2.3 Bro wse Results with Displa y45 W e hav e a results from our own analysis of ASCA data. Let us lo ok at the results with display45 . Since display45 displays histograms with op ening X-window, you hav e to set an en vironmen t v ari- able DISPLAY . % setenv DISPLAY <your-terminal> T o in v ok e display45 , type % dis45 test.hbk Version 1.18/08 of HIGZ started DIS> @% %output off %output on DIS> FETC test.hbk 0 0 DIS> (End of File) DIS>

CHAPTER 2. GETTING ST AR TED 11 The X-window is op ened and you are prompted to enter a command for display45 . At �rst let us see what kind of histograms are stored in test.hbk . Type i to do this. DIS> i 1 100 1 GIS2 PHA 2 200 1 GIS3 PHA 3 300 1 GIS2 PI 4 400 1 GIS3 PI 5 500 2 GIS2 RAWX vs RAWY 6 600 2 GIS3 RAWX vs RAWY DIS> In the left most column sequencial n um bers of the histograms are shown. In the second column you can see \histogram ID" to sp ecify histograms. The third colunm means its dimension and the right most column shows its titles. F or example, the �rst line means: � histogram ID is 100 � one dimensional histogram � title is GIS2 PHA T o display the histogram with its ID of 100 type h 100 t which means \select h istogram with ID 100 , and t yp e it." DIS> h 100 t 100 1 GIS2 PHA DIS> Y ou can see a PHA sp ectrum of GIS{2, one of the result from our analysis. If you wan t to browse a next histogram (whose ID is 200), just type nt which stands for \select n ext histogram, and t yp e it". DIS> nt 200 1 GIS3 PHA DIS> Y ou are watc hing a PHA sp ectrum of GIS{3 now. Y ou can also browse PI sp ectra and GIS images in the same wa y . T o exit from display45 just type exit . DIS> exit Complete Display 45... % Display45 features p o w eful functions to op erate histograms which I hop e are helpful for your analysis. Also, it includes a �tting pack age called MINUIT which is well established. See a manual of display45 distributed with display45 for how to use these functions.

Chapter 3 On Y our Own After learning how to ‘use’ the ASCA ANL it is time to kno w how to write your own analysis to ols. Since the ASCA ANL provides you go o d environmen t for ASCA analysis, it is very easy to write your analysis program. How ev er, and you hav e to know rules on writing programs on the ASCA ANL b efore you start writing. Also, a few to ols are pro vided for you to create new program easily . In this chapter we sho w you a wa y to create y our original program on the ASCA ANL. In some case the program gisspec f (or gisspec c ) is quoted as an example. This program is attached to the distribution kit of the ASCA ANL. and explained its usage in this manual (See x 2.2). Y ou are exp ected to b e familiar to how to use this program. If not so, ask how to use the program or read Section2.2 b efore you b egin to read here. 3.1 What is the Mo dule First of all, what is called the mo dule in the ASCA ANL? T o create a new and your original mo dule y ou had b etter know its structure and functions in the ASCA ANL. In this section w e will outline ho w to create the mo dule for the ASCA ANL. It includes an explanation of a structure of the mo dule and some rules and recommendations on writing the mo dule. Most part of this section is the same for FOR TRAN and C, although detailed rules can b e di�erent b etw een the languages as mentioned later in this manual. 3.1.1 Structure of the Mo dule The mo dule of the ASCA ANL consists of seven subroutines 1 . In order to create a new mo dule named USER , for example, you need subroutines named � USER init (Initialization routine), � USER com (Comm unication routine), � USER his (Histogram b o oking routine), � USER bgnrun (Beginning-of-Run routine), � USER ana (Analysis routine), � USER endrun (End-of-Run routine), and 1 A calling subroutine is written in FOR TRAN. So, one can say FOR TRAN is a "native" language of the ASCA ANL. But, you also can write your mo dule in C, of course, almost in the same fashion. 12

CHAPTER 3. ON YOUR OWN 13 � USER exit (Exit routine). These routines are called by the main program of the ASCA ANL. The subroutines are required even if you do not need their functions. F or example, you ha v e to prepare USER his even if you do not ha v e to b o ok any histogram. In such a case y ou can write a subroutine which con tains Return statement only . Anyw a y , you don’t hav e to understand details in each routine at present. But all you ha v e to know here is \the mo dule consists of seven basic routines". 3.1.2 Mo dule in the ASCA ANL The seven subroutines in the mo dule are called by the ASCA ANL system. A relationship b etw een each subroutine and a command in the command men u is b e summarized as following: USER init corresp onds to ANALYZE DATA . This subroutine is called while jumping in to the second stage of analysis, i.e. , after enter- ing the command ANALYZE DATA and b efore new command menu (includes READ DATA , etc.) showing up. USER com corresp onds to MODIFY PARAM . This subroutine is called for only mo dules that is selected by MODIFY PARAM command. Since this command can b e inv ok ed an y times, you can call this subroutine any times. USER his corresp onds to BOOK HISTOGRAM . This subroutine is called for only mo dules that is selected by BOOK HISTOGRAM . Since it is illegal to b o ok histogram more than once, this subroutine can b e called once for one mo dule. USER bgnrun corresp onds to READ DATA . This subroutine is called once for one data set to b e pro cessed just after READ DATA command is in v ok ed. USER ana corresp onds to READ DATA . This subroutine is called N times in pro cessing N photons after a series of calls of \ bgnrun" entries. USER endrun corresp onds to READ DATA . This subroutine is called once for one data set to b e pro cessed after a series of calls of \ ana" entries. USER exit corresp onds to EXIT . This subroutine is called just after EXIT command is inv ok ed. In addition, relationship b etw een the commands and subroutines in a mo dule are illustrated in Figure 4.1. Note that order of subroutine calls is alwa ys the same as de�ned by the command DEFINE ANALYSIS . Also, some of subroutines ab ov e are called less times than describ ed ab o v e in case that the analysis ow is controlled by the return v alues of the subroutines. See x 4.2.1 for details on return v alues. 3.2 Ho w to Create the Mo dule Now you are ready to create your own mo dule to analyze ASCA data in your o wn wa y . As writing usual program on your computer system, y ou hav e to write a source �le at �rst. But, not as in usual cases, there are many restrictions and recommendations in writing a mo dule. In this section we sho w the wa y to write a mo dule for your analysis while also summarizing suc h rules on a mo dule from a programmer’s p oints of view.

CHAPTER 3. ON YOUR OWN 14 3.2.1 mk anlmodule A useful command ‘mk anlmodule’ is also in the distribution kit. This command creates a template for the mo dule. If you creates it with this command, most of recommendations are satis�ed automatically . Also, you can choose in whic h language, FOR TRAN or C, you wan t to write mo dule. Y ou can in v ok e this command by setting an appropriate path to PATH environmen t v ariable. This command should b e in the directory sp eci�ed by ASCA ANL BIN in the �le Includes.make 2 If you don’t know where it is, please ask a p erson who installed the ASCA ANL in your system where the ASCA ANL BIN means. Before inv oking mkanlmodule y ou hav e b etter know that it has tw o di�erent mo des to in terface you, i.e. , an interactiv e mo de and a command line mo de. In an interactiv e mo de you are prompted to answer a few questions on how to create the template of your mo dule. In a command line mo de you can sp ecify all parameters in a command line. Y ou can �nd b elow how to use mkanlmodule in b oth mo des. Interactiv e Mo de First, type % mkanlmodule without any command line option. Y ou are asked for a name of the mo dule you intend to write. Enter module name: ? Now let us assume you are going to create the mo dule named ‘USER’. In that case, type USER against the prompt. Enter module name: ? USER Y ou are asked for ‘your language’ in turn. Do you write it in FORTRAN (Y/N): Y ? If it is F OR TRAN, reply Y . Reply N in case of C language. Do you write it in FORTRAN (Y/N): Y ? Y In ab ov e case we choose FOR TRAN language. The next and last question is for a name of an output �le. Output file: USER.f ? In this example USER.f is a default name of an output �le. If you accept this name USER.f , hit a return key . If not, sp ecify the name like this: Output file: USER.f ? user.f Empty module written in user.f Now you can see a �le user.f is created in a current directory . Lo ok into the �le. That is a template for the mo dule, i.e. , an empty 3 mo dule for the ASCA ANL. 2 W e guess you already know this �le b ecause you have compiled the program gisspec f . 3 Can you b elieve it is ‘empty’ ?

CHAPTER 3. ON YOUR OWN 15 Command Line Mo de Y ou can inv ok e mkanlmodule in ‘command line mo de’ by inv oking it with command line options. In this mo de you hav e to sp ecify all the parameter on what your mo dule is like. As in the previous section, for example, let us assume that you wan t to create the mo dule named ‘USER’ in FOR TRAN and that a name of an output �le is ‘user.f ’. Then you can get the �le by t yping like this: % mkanlmodule -FORTRAN -o user.f USER or just typing % mkanlmodule USER > user.f Ab ov e tw o command generates exactly the same results. Synopsis of this command is the follo wing and command line options for mkanlmodule are listed in T able3.1. % mkanlmodule [ option ] module_name Option F unction -FORTRAN F orces to create a mo dule written in FOR TRAN (default). -Fortran the same as ab ov e. -C F orces to create a mo dule written in C language. -o file Sp eci�es an output �le name. An outpur is redirected to a standard output when �le is ‘-’ (default). T able 3.1: Command line option for mkanlmodule 3.2.2 Co ding Analysis Let us start co ding your own analysis b y �lling an empty mo dule with mk anlmo dule. It is a go o d idea that w e start to �ll a subroutine USER ana . The subroutine USER ana is called photon by photon; that means here placed an essence of your original wa y of analysis. Hereafter, we explain how to �ll USER ana with re�ering gisspec f.f as an example. In USER ana y ou pro cess each photon as following: 1. get photon information 4 , 2. pro cess the photon, and 3. put a new information on the photon(if needed 5 ) In order to access information on each photon the EVS and BNK system are used. In gisspec f.f , we intend to analyze only GIS PH mo de data you can select them by calling a logical function EVS like this (y ou can see this at the b eginning of GISSPEC ana .): c check if PH mode or not If ( EVS(’GIS:PH mode’) ) then Continue Else Write(*,*) ’DATAMODE is not PH’ status = ASCA_ANL_QUIT Return Endif 4 F or example, photon arriv al time, PHA of the photon, DETX of the photon, etc. 5 This pro cedure is necessary in case you create a �lter mo dule.

CHAPTER 3. ON YOUR OWN 16 An argument of the logical function EVS is called "EVS keyw ord". In ab o v e case ’GIS:PH mode’ is an EVS keyw ord 6 to know whether the photon is read out in GIS PH mo de or not. If the current photon had arrived during GIS PH mo de, If statement causes an execution of Continue . Otherwise, i.e. , in case of GIS data in other mo de or SIS data, Write(*,*) ’DATAMODE is not PH’ status = ASCA_ANL_QUIT are executed and returned to a calling routine in the ASCA ANL. By returning with ASCA ANL QUIT 7 set to status (the third argumen t of GISSPEC ana ) you can force the ASCA ANL discard the whole data set which is read b y READ DATA command(See x 2.2). In ab ov e case only GIS PH mo de data is selected and others are discarded. In the same w a y By returning with ASCA ANL SKIP set to status you can force the ASCA ANL discard the curren t photon. This feature is useful for a �lter mo dule. See x 4.2.1 for details. After selecting data let us get parameters of the photon by calling BNKget subroutine. If you need to know a sensor ID, an energy of a photon, etc., call a subroutine BNKget like in gisspec f.f . c get sensor id CALL BNKget(’ANL:SENSOR’, sizeof(sensor), size, sensor) c get pha and pi CALL BNKget(’GIS:PHA’, sizeof(pha), size, pha) CALL BNKget(’GIS:PI’, sizeof(pi), size, pi) ..... In this example size , sensor , pha , and pi are integer v ariables in gisspec f.f . After the call, for example, pha is set to a v alue of "PHA column" in an analyzed science FITS �le 8 . size is set to a size of data actually got by the call. The v ariable size is equal to four in an ab ov e case if the data is successfully obtained. The �rst argument of the subroutine BNKget is called BNK keyw ord. ’GIS:PHA’ is a BNK key- word to obtain a v alue of "PHA column" in a FITS �le. The BNK keyw ord ’GIS:PHA’ is reserved by the ASCA ANL system. The reserved BNK keyw ords are listed in T able 4.6 in App endix 6.1. The size of data you should sp ecify as a second argument of BNKget are also listed in the table. The last pro cess in GISSPEC ana is to �ll data into histograms. Y ou can assume the histograms are b o oked preceeding to USER ana calls by BOOK HISTOGRAM command. Also, histogram ID’s are declared in USER his . W e will explain how to declare histograms in USER his later. Anyw a y , you can see following statements in gisspec f.f . c make spectrum & image If ( (2 .eq. sensor) .or. (3 .eq. sensor) ) then offset = sensor * 100 Call Hf1(offset+00, real(pha), 1.0) Call Hf1(offset+10, real(pi), 1.0) Call Hf1(offset+20, real(rt), 1.0) Call Hf1(offset+30, real(rti), 1.0) Call Hf2(offset+40, real(rawx), real(rawy), 1.0) Call Hf2(offset+50, real(detx), real(dety), 1.0) Call Hf2(offset+60, real(skyx), real(skyy), 1.0) Endif In this example Call Hf1(offset+00, real(pha), 1.0) �lles 1.0 into a bin corresp onding to a v alue of pha in 1 dimensional histograms with histogram ID of 200 and 300 for GIS{2 and GIS{3, resp ectively . In the same wa y 6 This keyw ord is reserved by the ASCA ANL system. The reserved EVS keyw ords are listed in App endix C. 7 The v alue for ASCA ANL QUIT is de�ned in asca anl.inc. See a �le Includes.inc in your current directory . 8 If you analyze FRF with GISREAD / GISTUNE , obtained v alue is read from FRF.

CHAPTER 3. ON YOUR OWN 17 Call Hf2(offset+40, real(rawx), real(rawy), 1.0) �lls 1.0 into a bin corresp onding to v alues of RAWX and RAWY in 2 dimensional histograms with histogram ID of 240 and 340 for GIS{2 and GIS{3, resp ectively . See App endix D for an detailed explanation of arguments of Hf1 and Hf2. The ASCA ANL requires tw o kinds of settings as follo wing: c set GISSPEC:OK for ASCA_ANL_OK Call EVSset(’GISSPEC:OK’) status = ASCA_ANL_OK c Return End How ev er, you don’t worry ab out this b ecause mkanlmoudule creates these statements automati- cally . 3.2.3 De�nition of Histogram In order to �ll a v alue in to a histogram the histogram is b o ok ed preceedingly . T o do this, USER his subroutine is used. In our GISSPEC his histograms for GIS sp ectra and GIS images are b o oked. c Define Histogram Call Hbook1(200, ’GIS2 PHA’, 1024, -0.5, 1023.5, 0.0) Call Hbook1(300, ’GIS3 PHA’, 1024, -0.5, 1023.5, 0.0) ... c RAWX/Y is 0-255 Call Hbook2(240, ’GIS2 RAWX vs RAWY’, & 256, -0.5, 255.5, 256, -0.5, 255.5, 0.0) Call Hbook2(340, ’GIS3 RAWX vs RAWY’, & 256, -0.5, 255.5, 256, -0.5, 255.5, 0.0) The �rst tw o calls of Hbook1 declare 1 dimensional histograms titled GIS2 PHA and GIS3 PHA with histogram ID of 200 and 300, resp ectively . Both are de�ned as histograms cov ering -0.5 to 1023.5 with 1024 bins. Another tw o calls of Hbook2 declare 2 dimensional histograms titled GIS2 RAWX vs RAWY and GIS3 RAWX vs RAWY with histogram ID of 240 and 340, resp ectiv ely . Remem b er that these ID’s are the same as those used in GISSPEC ana . See App endix D for an detailed explanation of arguments of Hb o ok1 and Hb o ok2. The last statement is to set status (only one argumen t of USER ana ). status = ASCA_ANL_OK Return End Again, y ou don’t worry ab out this b ecause mkanlmoudule creates these statements automatically . 3.2.4 User In terface Some mo dules hav e several parameters to b e sp eci�ed by users. T o ask parameters to users, USER com is used. In our example program gisspec f an go o d example can b e seen in circreg com . c ask user for sensor ID Call Intrd(’Sensor to set (-1=end of set)’, sensor) ..... c ask user for center and radius of selection region Call Fltrd(’DETX of Center (pixel)’, cx(sensor)) Call Fltrd(’DETY of Center (pixel)’, cy(sensor)) Call Fltrd(’Radius (pixel)’, r(sensor)) The �rst call of Intrd ask a user for a four-b yte integer v alue with Sensor to set (-1=end of set) as a prompt. The subroutine Intrd also prints out a v alue in the four-byte integer v ariable

CHAPTER 3. ON YOUR OWN 18 sensor b efore this call as a default v alue(See x 2.2). After returning from this call, a sp eci�ed v alue is set to the v ariable sensor . In the same wa y a four-byte oating p oint v ariable can b e ask ed as in the ab ov e example. The subroutine Fltrd do es everything b oring suc h as printing out a message to a user and treating a default v alue. These subroutines Intrd and Fltrd are in the CLI pack age. There are many cases to ask a user for v arious types of v alues including a string, a logical v alue, and so on. Sometimes y ou wan t to ask a user for a command which de�nes an action of y our mo dule. These are comfortably done by subroutines in the CLI/COM pac k ages. See the memo on CLI/COM in �les cli.mem and com.mem 9 as a reference. One of go o d examples of COM pac k age is a command line interface of such a kind in the ASCA ANL. Y ou already know that the list of command is printed with a prompt like ANL: Select 1 Option or ANL: Select 1 or More, Then OK , that a command can b e abbreviated, and so on. All these are done by a subroutine Inquire 10 in the COM pack age. A complex user interface is realized by a simple call of Inquire in your mo dule. Note that the uni�ed user interface is one of the most imp ortant features of the ASCA ANL and you are strongly recommended to use CLI/COM pack ages at user interface in your own mo dule. 3.2.5 Initialization and T ermination In some applications w e need to initialize a mo dule b efore the analysis or to do something b efore the program is terminated. USER init and USER exit are reserved for such actions. In gisspec f only tw o initializations are done. First, EVS ags for the mo dule are de�ned like this. c EVS Call EVSdef(’GISSPEC:BEGIN’) Call EVSdef(’GISSPEC:ENTRY’) Call EVSdef(’GISSPEC:OK’) Second, a version num ber of the mo dule is put with BNKput . Call ANL_put_version(’GISSPEC’ , ’version 4.0’) These tw o are all you hav e to do in USER init and are automatically generated by mkanlmodule . Of course, you can put other initialization in USER init , for example, you can de�ne other EVS ags or BNK k eyw ords 11 . In most cases, how ev er, you don’t hav e to add anything to USER init . In GISSPEC exit w e can see nothing but setting a v alue to status . Subroutine GISSPEC_exit (status) Implicit NONE c output Integer status c include Include ’Includes.inc’ c status = ASCA_ANL_OK Return End This means nothing is done for the mo dule GISSPEC at the termination. Again, in most cases y ou don’t hav e to add anything to USER exit . 9 These are stored in a directory do c/ in the distribution kit. Ask a p erson who installed the ASCA ANL in your computer where the directory is. 10 See the memo com.mem for details. 11 Y ou hav e to b e careful to de�ne your own EVS/BNK keyw ords. See x 4.3.1 for detailed explanations.

CHAPTER 3. ON YOUR OWN 19 Note for initialization of lo cal v ariale Now you ma y plan to initialize v ariables for the mo dule in USER init . But, wait a minute. Do es your mo dule work O.K.? In the ASCA ANL USER init is NOT necessarily called at �rst among seven subroutines re- quired for a mo dule, i.e. , USER com and USER his can b e called b efore USER init (See Figure 4.1). Therefore if you set a default v alue to a parameter in USER init and if the parameter can b e mo d- i�ed with a MODIFY PARAM command, you will hav e an unexp ected result in case that you mo dify the parameter. In this case the parameter is alwa ys set to the default v alue set in USER init b ecause USER init is called after a call of USER com . T o a v oid this kind of problem, initialization of v ariables ha v e to b e done with another metho d. If y ou write a mo dule in F OR TRAN, you may use a blo ck data initialization. If in C, you had b etter use a static global v ariable for such a parameter. In b oth cases the initialization is p erformed at their compilation, so you can get an exp ected action of your mo dule. 3.2.6 Op ening and Closing Data Set USER bgnrun and USER endrun are subroutines to op en and close the data set, resp ectively . Thus, Most mo dules do es not hav e to �ll these subroutines. In gisspec f these tw o are almost blank. Although EVSset in GISSPEC bgnrun hav e to b e done here, mkanlmodule creates following sub- routines automatically . Subroutine GISSPEC_bgnrun (status) Implicit NONE c output: Integer status c include Include ’Includes.inc’ c EVS set Call EVSset(’GISSPEC:BEGIN’) c status = ASCA_ANL_OK Return End Subroutine GISSPEC_endrun (status) Implicit NONE c output Integer status c include Include ’Includes.inc’ c status = ASCA_ANL_OK Return End 3.3 Ho w to \Link" Y our Mo dule T o link your mo dules to the ASCA ANL you hav e to write appropriate mak e�le for your program. How ev er it is a little bit b oring to create a make�le. So we recommend to use a make�le in the sample as a template. If you follow our recommendation, it is b etter for y ou to know what is happ ening while compiling and linking your mo dules. In this section we sho w how to link your mo dules from ho w to create make�le for the ASCA ANL to what is happ ening in linking your mo dules. 3.3.1 Mak e�le in the Sample Make�le for samples consist of three �les, that is, Makefile , Makefile.tmpl , and Includes.make . Makefile con tains usual rules to \make" your program, and Makefile.tmpl includes macro def-

CHAPTER 3. ON YOUR OWN 20 initions, su�x rules, and so on. A directory structure of your computer system is describ ed in Includes.make which is arranged by a p erson who installed the ASCA ANL. Since macros and su�x rules written in Makefile.tmpl are common and useful for most appli- cation of the ASCA ANL, y ou can use this �le as a to ol b ox to \make" your mo dule. Y ou don’t ha v e to follow instructions in following sections when you \make" your mo dule with Makefile.tmpl , b ecause it automatically creates �les required and compiles them. All you hav e to do is to create a �le containing names of mo dules to b e linked to your program. The rules to create this �le are: � the name of the �le hav e to ha v e an extension \.def " � names of mo dules are separated by one carriage return � the last character of this �le is carriage return T o mo dify Makefile for your program a header of Makefile.tmpl (lines commented out at the b eginning) is useful as a reference. Y ou cut there, paste it to Makefile , mo dify macros to �t your program, and remov e comment marks # . Here you are ready to \make" your program. Type, % make without your program name. Then make judges the OS, creates required �les to link mo dules, compiles them, and links them. Finally y ou can get your own analysis program. 3.3.2 What is happ ening When you use a mak e�le for samples as a template of a make�le for your program, y ou don’t hav e to care ab out how to compile and link your program. How ev er for those who wan t to know what is happ ening while samples are automatically compiled, w e explain ho w to link your mo dule to the ASCA ANL and mak e an executable of your analysis program in following sections. F ollo wing sections are written as instructions for you to link by yourself. Read and follow instructions if you are interested in. Note that in case of using sample make�le all these are automatically executed. Overview Before "making" your analysis program, you hav e to create one or tw o text �les. The �les includes several FOR TRAN subroutines and C functions interfacing the ASCA ANL system and y our (or "ready-made") mo dules. Don’t worry , there are commands in the ASCA ANL pack age to create these �les automatically . All you hav e to do is to sp ecify the names of the mo dules. The commands are mkanlinit and mkanlCwrapper . (Later in this section w e will show you how to use them.) The "mk anlinit" creates a �le containing C functions necessary for all the mo dules you wan t to link. Thus, you hav e to run the mkanlinit whenever you create a new analysis program. The mkanlCwrapper creates a �le containing a C functions 12 necessary for the mo dules written in C but not created b y the command mkanlmodule 13 . Thus, if you don’t hav e any C mo dule, you don’t hav e to run the mkanlCwrapper . But, if you hav e more than one mo dule written in C, you hav e to run the "mk anlCwrapper". Note that y ou don’t hav e to run mkanlCwrapper as long as you starts to write a mo dule from a template created by mkanlmodule T o obtain an executable of your program, compile these interface �les by a compiler in your system and link them to the ASCA ANL together with the mo dule you registered. An example of 12 The functions just for interfacing C and FOR TRAN. 13 The mkanlmodule attaches the same interfacing functions at the end of a template. Create a template by mkanlmodule and see its end!

CHAPTER 3. ON YOUR OWN 21 make�le is in the distribution kit of the ASCA ANL and also in App endix. Y ou can easily create a make�le for your program by a slight change 14 of the sample make�le. Now it is time to "make" it. Y ou get y our original analysis program. Enjoy! mk anlinit In order to construct your analysis program you hav e to register mo dules you use in the program. The mk anlinit creates a text �le which contains a function main() ’ and a few C functions to register the mo dules. The text �le usually has a name of anlinit.c , but you can sp ecify it as you desired. Anyw a y run mk anlinit �rst. The mk anlinit is in a distribution kit of ASCA ANL. Please ask a system manager of y our computer system where the mk anlinit is installed. Y ou will b e asked for a name of the mo dule you wan t to register. Enter module name or *command [ 1]: ? If you w an t to register a mo dule named FITSREAD at �rst, reply FITSREAD to the question. Enter module name or *command [ 1]: ? FITSREAD Enter module name or *command [ 2]: ? If you also wan t to register a mo dule named USER , reply USER to the next question. Enter module name or *command [ 2]: ? USER Enter module name or *command [ 3]: ? In this wa y you can register as many mo dules as you need. T o �nish sp ecifying the mo dule name press a return k ey without t yping any name. Then you will see the mo dule names to b e registered and b e asked for a name of an output �le, i.e. the text �le which con tains a few FOR TRAN subroutines to register the mo dules. Enter module name or *command [ 3]: ? Following modules are to be linked to ASCA_ANL: [ 1] FITSREAD [ 2] USER Output file: anlinit.c ? If you accept a default name anlinit.c , press return key . If y ou wan t to sp ecify another name, reply the name to the question. In case that a �le with the same name already exists you will b e con�rmed if you in tend to delete the old �le or not. ’anlinit.c’ already exists, delete (Y/N): N ? If you reply Y , the old �le will b e deleted and the output �le will b e created. If you reply N , the old �le will not b e deleted and you will b e ask ed for a �le name again. After replying all the questions ab ov e, the mk anlinit creates the text �le containing the regis- tration subroutines and terminates. mk anlCwrapp er If you link mo dules written in C by your hand 15 , you hav e to create another text �le which contains several C functions 16 (called C wrapp ers) required for the C mo dules to b e called by the 14 F or example, path name of the ASCA ANL system in your computer system path name of libraries ( e.g. CERN Library), name of the program you create, the mo dules you registered,... 15 This means ‘not by a command mkanlmodule ’ here. 16 W ritten in "cfortran" format. The cfortran is a standard pack age in CERN Library interfacing C and FOR- TRAN.

CHAPTER 3. ON YOUR OWN 22 ASCA ANL written in FOR TRAN. The text �le usually has a name of anlCwrapper.c , but you can sp ecify it as you desired. Anyw a y run mk anlCwrapp er �rst. The mk anlCwrapp er is in a distribution kit of ASCA ANL. Please ask a system manager of your computer system where the mk anlCwrapper is installed. Y ou will b e asked for a name of the C mo dule you wan t to link. Enter module name [ 1]: ? If you w an t to link a mo dule named User , reply User to the question. Enter module name [ 1]: ? User Enter module name [ 2]: ? Notice that this sp eci�cation is case-sensitiv e. Y ou hav e to sp ecify the exact name in C program. This fact also means you hav e to use the same case for all the entries. F or example, once you make an entry User init , you can not name a communication routine USER com but you hav e to name it User com . T o �nish sp ecifying the mo dule name, press return key without typing any name. Then you will see the C mo dule names to b e linked to the ASCA ANL and b e asked for a name of an output �le, i.e. the text �le which contains several C wrapp ers for the ASCA ANL. Enter module name [ 2]: ? Following modules (written in C) are to be linked to ASCA_ANL: [ 1] User Output file: anlCwrapper.c ? If you accept a default name anlCwrapper.c , press return k ey . If you wan t to sp ecify another name, reply the name to the question. In case that a �le with the same name already exists you will b e con�rmed if you in tend to delete the old �le or not. ’anlCwrapper.c’ already exists, delete (Y/N): N ? If you reply Y , the old �le will b e deleted and the output �le will b e created. If you reply N , the old �le will not b e deleted and you will b e ask ed for a �le name again. After replying all the questions ab ov e, the mk anlCwrapper creates the text �le con taining the C wrapp ers and terminates.

Chapter 4 Reference for Exp ert 4.1 Mo dule and Command A mo dule is a unit of an analysis program with the ASCA ANL. A user can create v arious analysis programs b y combining mo dules. A mo dule consists of seven subroutines. Each subroutine takes charge of a part of tasks of the mo dule and a role of each subroutine is de�ned by the ASCA ANL system. These subroutines are called by the ASCA ANL system when corresp onding commands are issued. T able4.1 summarizes names of the subroutines, related commands, and roles which the subrou- tines should play . In T able4.2 and 4.3 we summarize commands of the ASCA ANL program with a related subroutine in a mo dule. In T able4.1, 4.2, and 4.3 w e assume a mo dule’s name is ‘ USER for clarity . Name Related Command Role Called When USER init ANALYZE DATA Initialization Jumping in to the second stage of anal- ysis, i.e. , after entering the command ANALYZE DATA and b efore new com- mand menu (includes READ DATA , etc.) showing up. USER com MODIFY PARAM User In terface a mo dule USER is selected in MODIFY PARAM command. USER his BOOK HISTOGRAM Histogram Bo oking a mo dule USER is selected in BOOK HISTOGRAM command. USER bgnrun READ DATA Data Set Op ening a data set is op en. USER ana READ DATA Even t Analysis an even t are read from a data set. USER endrun READ DATA Data Set Closing a data set is closed. USER exit EXIT T ermination EXIT command is inv ok ed. T able 4.1: Subroutines comp osing a mo dule The relationship b etw een the ASCA ANL command and subroutines in a mo dule are illustrated in Figure 4.1 In Figure4.1 each subroutine is indicated in a doubled ov al. F or example, USER init should b e in a doubled ov al named \ init " entries, and so on. In addition, in each ov al there are subroutines of one kind for some of the linked mo dules. In case of gisspec f , subroutines FITSREAD init , CIRCREG init , and GISSPEC init is in \ init " en tries in this order 1 . 1 Exactly sp eaking, this order is de�ned by a command DEFINE ANALYSIS . See x 2.2 as reference. 23

CHAPTER 4. REFERENCE FOR EXPER T 24 Figure 4.1: Schematic drawing of relationship b et w een the ASCA ANL command and subroutines in a mo dule

CHAPTER 4. REFERENCE FOR EXPER T 25 Command Related subroutine F unction DEFINE ANALYSIS None De�ne an analysis chain SHOW ANALYSIS None Show a currently de�ned analysis chain MODIFY PARAM USER com Call user in terface subroutines of mo dules BOOK HISTOGRAM USER his Register mo dules for which histograms will b e b o oked ANALYZE DATA USER his , USER init Bo ok histograms for sp eci�ed mo dules and jump to the second stage of the analysis QUIT None Quit from the program without analyzing data T able 4.2: Commands in the �rst stage (de�ning an analysis chain) on an analysis program Command Related subroutine F unction READ DATA USER bgnrun , USER ana , and USER endrun Op en data set and start analysis SAVE HIST None Sav e resultant histograms into an HBOOK �le CLEAR HIST None Clear histograms SHOW STATUS None Print summary of EVS ags RESET STATUS None Clear summary of EVS ags EXIT USER exit Exit from the program T able 4.3: Commands in the second stage (driving an analysis chain) on an analysis program See Chapter7 or Chapter8 for details. 4.2 Analysis Chain An analysis sequence with the ASCA ANL is called an \analysis chain". The analysis chain consists of several mo dules, a ro ot mo dule to read data (See x 4.4), some �lter mo dules to �lter even ts, and an (or a few) analysis mo dule(s) to accumulate even ts to histograms. In this ow you ma y need to control an analysis ow to eliminate \bad" even ts. T o control an analysis ow, each mo dule can receive/giv e information from/to the ASCA ANL system through argumen ts of a USER ana entry . In this section we summarize ho w to contact with the ASCA ANL system with the arguments. 4.2.1 Flo w Control USER ana entry has three argumen ts. The �rst argument is nevent , the second is eventid , and the third is status . nevent nevent is the num ber of even ts whic h a ro ot mo dule (See x 4.4) reads successfully , or the num ber of iterations of an ev en t lo op. Therefore nevent starts from 1 and an analysis is terminated when nevent reaches the num ber of even ts sp eci�ed at the b eginning of even t lo op (See x 2.2). Number of events (-1=all, 0=exit): -1 ? 100 In this case nevent takes a v alue from 1 to 100 successively . This is an input argumen t. Do not c hange this v alue in a mo dule.

CHAPTER 4. REFERENCE FOR EXPER T 26 eventid eventid shows a characteristic of a current ev en t. There are tw o types of ev en t at present, i.e. , an observ ation even t and a pseudo even t (See x 4.2.2). If a current ev en t is an observ ation even t, eventid = EVENTID OBS , and if a curren t even t is a pseudo even t, eventid = EVENTID PSEUDO . This is an input argumen t. Do not c hange this v alue in a mo dule. status status is a ag to control an analysis ow. The ASCA ANL system ev aluates status right after returning from a call of a mo dule and determine the stream of an analysis ow so that you can control an analysis ow by setting a v alue to status . A ow control can b e sp eci�ed from three p oints of view, whether a current even t should b e passed to downstream mo dules, whether the system should contin ue to read even ts from a current data set, and whether current status of EVS ags should b e accumulated 2 (even t counting). In T able 4.4 control v alues (v alues to b e set to status ) and their meanings are listed. Flo w control V alue Additivit y Discard even t Discard data set Disable to accum ulate ASCA ANL OK No � � � ASCA ANL SKIP No � � ASCA ANL QUIT No ANL DISCARD Y es � � ANL ENDLOOP Y es � � ANL NOCOUNT Y es � � T able 4.4: List of control v alues There are tw o types of control v alues, additive v alues and non-additive (or classic) ones. Additive v alues can b e added to synthesize a desired ow control. status = ANL_DISCARD + ANL_ENDLOOP In this example a curren t even t is discarded ( i.e. , not b e passed to downstream mo dules), a current data set is also discarded ( i.e. remaining even ts in the data set is ignored), but current EVS ags are accumulated. On the other hand, classic v alues can NOT b e added. Y ou only can set one v alue to status . status = ASCA_ANL_QUIT status is an output argument. Set a v alue b efore returning from a mo dule and do not care ab out a v alue when a mo dule is called. 4.2.2 Pseudo Ev en t An analysis program with the ASCA ANL sometimes includes �lter mo dules whic h �lter even ts read from a data set. In such a case it can b e di�cult to measure an exp osure time b ecause the total exp osure may b e a�ected by all of the �lters. If you hav e a \clo ck pulse" in the analysis 2 EVS ags accumulated in an analysis is shown at the end of an analysis (printed just after EXIT command is inv ok ed) or when SHOW STATUS command is inv ok ed.

CHAPTER 4. REFERENCE FOR EXPER T 27 system, how ev er, you can easily measure the exp osure time after �ntering by counting the clo ck pulse after the �lters. A pseudo even t is an arti�cial even t which was introduced to calculate exp osure time in a simple wa y . It is generated by a ro ot mo dule (See x 4.4) at the top of an analysis chain and is �ltered out by �ltering mo dules (if so designed). T o distinguish pseudo even ts from a normal even ts, several indicators work in a sp ecial wa y . T able4.5 summarizes the sp ecial indications for pseudo even ts. Indicator Attribution V alue for Pseudo Even t V alue for Normal Even t even t ID Argument of USER ana EVENTID PSEUDO EVENTID OBS ANL:SENSOR BNK keyw ord SENSOR PSEUDO sensor ID SIS:PSEUDO Event EVS ag \true" for SIS exp osure \false" GIS:PSEUDO Event EVS ag \true" for GIS exp osure \false" SIS:SIS0 Pseudo EVS ag \true" for SIS0 exp osure \false" SIS:SIS1 Pseudo EVS ag \true" for SIS1 exp osure \false" GIS:GIS2 Pseudo EVS ag \true" for GIS2 exp osure \false" GIS:GIS3 Pseudo EVS ag \true" for GIS3 exp osure \false" T able 4.5: Indicators of pseudo even ts 4.3 Data I/O In order to get information on each even t, BNK and EVS are av ailable in a mo dule. BNK provides a simple data bank system, whic h enables us to get and put the ev en t data ( e.g. , ASCATIME , PI , etc.). EVS manages ags related to each even t and sums them up. Both BNK and EVS uses their keyw ords as p ointers to the data and the ag. On the other hand, results of an analysis are stored in histograms by HBOOK subroutines ( e.g. , HF1 and HF2 )[3]. . HBOOK provides us many useful subroutines which handles histograms. 4.3.1 BNK/EVS Keyw ords The ASCA ANL system de�nes a group of BNK k eyw ords which are av ailable for an y mo dule. Most of them are related to photon information, such as ASCATIME and PI . Also, some EVS keyw ords are reserved for common usage. Such keyw ords include information on a bit rate or a data mo de. In T able4.6 and T able4.7 we summarize BNK and EVS keyw ords reserved by the system, resp ectively . Note for user-de�ned BNK/EVS k eyw ord A user mo dule can de�ne a new BNK/EVS keyw ord in USER init . The name of the keyw ord hav e to hav e an mo dule’s name lik e USER:something to av oid a p ossible ov erlapping of a keyw ord name. This restriction also a�ects how to refer suc h a data whic h other mo dules de�ne and BNKput. Once you write a mo dule USER2 including BNKget like: Call BNKget(’USER:something’, sizeof(something), size, something), the mo dule USER2 AL W A YS hav e to b e linked with the mo dule USER and causes a fatal error in running when USER is not linked. In order to go through this problem, a few choices are p ossible. 1. Change the mo dule USER2 not to refer USER:something . This is the simplest solution but is not alwa ys p ossible.

CHAPTER 4. REFERENCE FOR EXPER T 28 T able 4.6: BNK keyw ords

CHAPTER 4. REFERENCE FOR EXPER T 29 EVS k eyw ord FITSREAD SISREAD GISREAD ANL:BIT HIGH ANL:BIT MEDIUM ANL:BIT LOW SIS:FAINT mode SIS:BRIGHT mode SIS:FAST mode SIS:BRIGHT2 mode GIS:PH mode GIS:MPC mode SIS:SIS0 Event SIS:SIS1 Event GIS:GIS2 Event GIS:GIS3 Event SIS:PSEUDO Event GIS:PSEUDO Event SIS:SIS0 Pseudo SIS:SIS1 Pseudo SIS:GIS2 Pseudo SIS:GIS3 Pseudo T able 4.7: EVS ags 2. Check existence of the mo dule USER b efore BNKget in the mo dule USER2 . T o c hec k the existence, we can use ANL get chain info , or one of utility routines supplied with the ASCA ANL system. See Chapter 5 for details. In general it is not recommended to design a mo dule which is largely dep ending on an other mo dule’s existence. Such a tight relationship b etw een mo dules ma y reduce conv enience of \mo du- larization" and v alue of y our mo dule as a softw are resource. In some case it indicates a p ossibility that you can merge their functions into one mo dule. In any case please chec k necessity and v alidit y of dividing a function into tw o mo dules b efore y ou design such a mo dule. 4.3.2 BNKF/EVSF | F aster BNK/EVS | When data in BNK or EVS is accessed ( e.g. , when BNKget or EVSset is called), BNK and EVS searches a sp eci�ed keyw ord in an internal keyw ords table, �nd a place in which sp eci�ed data is stored, and return the stored v alue. Because of these searching keyw ords data I/O with BNK or EVS can b e a problem by reducing a sp eed on its execution. T o a v oid this, following four subroutines are implemented. Subroutine BNKFput(key, index, n, iarray) Character*(*) key ! input Integer index ! input/output Integer n ! input Integer iarray ! output Subroutine BNKFget(key, index, size, used, iarray) Character*(*) key ! input Integer index ! input/output Integer size ! input Integer used ! output

CHAPTER 4. REFERENCE FOR EXPER T 30 Integer iarray ! output Logical Function EVSF(key,index) Character*(*) key ! input Integer index ! input/output Subroutine EVSset(key,index) Character*(*) key ! input Integer index ! input/output These subroutines search a place of sp eci�ed data when it is called with index = 0 and return the place as index . When you call these with the returned index , these return a v alue in the place sp eci�ed by index without searching the keyw ord to �nd the stored data. In this wa y w e can reduce an o v erhead of the call of these subroutines. Typical usage of these subroutines will b e followings. In FOR TRAN, Integer sensor, size Integer index1/0/, index2/0/, index3/0/, index4/0/ Save index1, index2, index3, index4 Call BNKFput(’ANL:SENSOR’, index1, sizeof(sensor), sensor) Call BNKFget(’ANL:SENSOR’, index2, sizeof(sensor), & size, sensor) Call EVSFset(’USER:ENTRY’, index3) If ( EVSF(’ANL:GIS2 Pseudo’, index4) ) & Write(*,*) ’GIS2 Pseudo’ and in C, #include <stdio.h> #include <stdlib.h> #include <string.h> #include <cfortran.h> #include <bnk.h> #include <evs.h> int sensor, size; static int index1=0, index2=0, index3=0, index4=0; BNKFPUT("ANL:SENSOR", index1, sizeof(sensor), &sensor); BNKFGET("ANL:SENSOR", index2, sizeof(sensor), size, &sensor); EVSFSET("USER:ENTRY", index3); if ( EVSF("ANL:GIS2 Pseudo", index4) ) printf("GIS2 Pseudo"); 4.3.3 Supp ort Macros for BNKF/EVSF F or C language p eople there are another wa y of making use of faster BNK/EVS system. The macro de�nition �le bnkf.h and evsf.h are in the ASCA ANL distribution kit. include/bnkf.h: #define BNKFGETM(key,size,used,value) {\ static int index = 0;\ int vsize = size;\ bnkfget_(key, &index, &vsize, &used, value, sizeof(key)-1);\ } #define BNKFPUTM(key,size,value) {\ static int index = 0;\ int vsize = size;\ bnkfput_(key, &index, &vsize, value, sizeof(key)-1);\ } include/evsf.h:

CHAPTER 4. REFERENCE FOR EXPER T 31 #define EVSFM(key,index) evsf_(key, &(index), sizeof(key)-1) #define EVSFSETM(key) {\ static int index = 0;\ evsfset_(key, &index, sizeof(key)-1);\ } Typical usage will b e a following. #include <stdio.h> #include <stdlib.h> #include <string.h> #include <cfortran.h> #include <bnk.h> #include <bnkf.h> /* <--- additional! */ #include <evs.h> #include <evsf.h> /* <--- additional! */ int sensor, size; static int index = 0; BNKFPUTM("ANL:SENSOR", sizeof(sensor), &sensor); BNKFGETM("ANL:SENSOR", sizeof(sensor), size, &sensor); EVSFSETM("USER:ENTRY"); if ( EVSFM("ANL:GIS2 Pseudo", index) ) printf("GIS2 Pseudo"); CAUTION Because supp ort macros in bnkf.h and evsf.h are NOT functions, you ha v e to pa y a sp ecial attention in writing a mo dule. Y ou hav e to write macros as many times as the num b er of data you wan t to access. If you write a following co de to get four data, \ANL:SENSOR", \ANL:DETX", \ANL:DETY", and \ANL:PI", it do es NOT work. int i, value[4]; static char keyword[4][20] = {"ANL:SENSOR","ANL:DETX","ANL:DETY","ANL:PI"}; for (i=0;i<4;i++) { BNKFGETM(keyword[i], sizeof(value[i]), size, &value[i]); } In ab ov e case a macro BNKFGETM is expanded as one line so that only one internal index is reserved. If you need to get four data with BNKFGETM , you hav e to write BNKGETM four times like this. int value[4]; BNKFGETM("ANL:SENSOR", sizeof(value[0]), size, &value[0]); BNKFGETM("ANL:DETX", sizeof(value[1]), size, &value[1]); BNKFGETM("ANL:DETY", sizeof(value[2]), size, &value[2]); BNKFGETM("ANL:PI", sizeof(value[3]), size, &value[3]); 4.3.4 Bu�er Size of BNK and HBOOK Both BNK and HBOOK allo cate a certain size of memory to store the data. Hereafter we call the memory area \BNK bu�er" and \HBOOK bu�er", resp ectively . Because the size of these bu�ers are de�ned so large that most analysis can go well. In some applications, how ev er, you may need lager size of memory to b e allo cated for BNK data or histograms. The size of bu�er can b e sp eci�ed in mkanlinit . When you reply a following question with \*", mkanlinit recognizes it as a b eginning of a parameter name to b e set. Enter module name or *command [ 1]: ? Therefore type as followings if you wan t to set the size of HBOOK bu�er to 2000000. Enter module name or *command [ 1]: ? *HBOOK_BUF_SIZE 2000000 Enter module name or *command [ 1]: ?

CHAPTER 4. REFERENCE FOR EXPER T 32 Note that the unit of the size is four b ytes so that \2000000" means 8000000 bytes. Again abbreviations are v alid here 3 . Also, any space and carriage return after the \*" are ignored. Thus, F ollo wing replies make no di�erence. Enter module name or *command [ 1]: ? *HBOOK 2000000 Enter module name or *command [ 1]: ? Enter module name or *command [ 1]: ? *HBOOK_BU 2000000 Enter module name or *command [ 1]: ? Enter module name or *command [ 1]: ? * HBOOK_BUF_SIZE 2000000 Enter module name or *command [ 1]: ? Enter module name or *command [ 1]: ? * Command: HBOOK_BUF_SIZE ? HBOOK_BUF_SIZE HBOOK_BUF_SIZE: 2200000 ? 2000000 Enter module name or *command [ 1]: ? In T able4.8 we summarize parameters which y ou can set in mkanlinit . Parameter Unit Remark HBOOK BUF SIZE 4 bytes size of HBOOK bu�er BNK BUF SIZE 4 bytes size of BNK bu�er T able 4.8: Parameters to b e set in mkanlinit Although the sizes of b oth BNK and HBOOK bu�er can b e expanded with this feature of mkanlinit , you m ust b e careful to determin the size to b e set. Even if you allo cate a large size of memory for histograms (HBOOK bu�er), it is no use if Display45 can not read in your resultant histograms. So there seems to make no sense to expand the size more than that allo cated in Display45 4 . F or the BNK bu�er, getting large size of memory of the data area may cause a large ov erhead of copying the data when the data is accessed (with BNKget , etc.). Perhaps you can �nd another solution to realize your design without expanding the BNK bu�er to an unrealistic size. 4.4 Ro ot Mo dule A ro ot mo dule 5 is sp ecially designed to read even ts from a data set and send them to do wnstream mo dules. Therefore it is required that a ro ot mo dule ha v e to exist in an analysis chain, that only one ro ot mo dule are allo w ed in a chain, and that it should b e at the top of a chain. Because of its sp ecial role in a chain there are sev eral additional rules in writing it. Let us assume y ou are writing a ro ot mo dule named ROOT . F ollo wings are required rules, i.e. , ANY ro ot mo dule hav e to satisfy following rules. 1. Call ANL initroot in ROOT init . ANL initroot de�nes common BNK/EVS keyw ords. T o call this in FOR TRAN, just say , ... Subroutine ROOT_init (status) Implicit None ... Integer st ... c Common BNK/EVS Call ANL_initroot(st) ... 3 But we do NOT recommend abbreviate to o muc h. 4 Ask an installer of Display45 for the size. 5 FITSREAD, SISREAD, and GISREAD are supplied with the ASCA ANL.

CHAPTER 4. REFERENCE FOR EXPER T 33 and in C, ... #include <anl_initroot.h> ... void root_init(int *status) { int st; ... /* Common BNK/EVS */ ANL_INITROOT(st); ... } the return status st of ANL initroot is reserv ed for the future and means nothing at present. 2. Set \even t ID". An ev en t ID is the second argument of ROOT ana en try . The v alues to b e set are: even t ID = EVENTID PSEUDO in case of a pseudo even t even t ID = EVENTID OBS in case of an observ ation data If y ou write a ro ot mo dule in C, sp ecial pro cedures are required to set an even t ID. (a) Change an de�nition of function ROOT ana . The second argument must change to a p oin ter to an integer. void root ana(int nevent, int *eventid , int *status) (b) Change a C wrapp er for ROOT ana en try . The �fth argument 6 of the C wrapp er must change from INT to PINT . FCALLSCSUB3(root ana,ROOT ANA,root ana,INT,PINT ,PINT) (c) Change an declaration of function ROOT ana (if any). void root ana(int, int * , int *); In addition, there are recommended feature of a ro ot mo dule. 1. BNKput Euler angles. F or attitude correction we need to know an attitude as Euler angles. T o unify how to access an attitude information, i.e. , how to get Euler angles at the moment, a ro ot mo dule are recommended to BNKput Euler angles for downstream mo dules. BNK k eyw ord’s name is \ ANL:EULER " (See x 4.3.1). 2. Generate pseudo even ts. Pseudo ev en ts are very useful to measure an exp osure time of an observ ation. Man y users make use of pseudo even ts to do that, a ro ot mo dule is strongly recommended to generate pseudo even ts. Also, a ro ot mo dule ha v e to BNKput an in terv al of pseudo even ts in second with a BNK keyw ord \ ANL:PSEUDO INTERVAL " (See x 4.3.1). 3. BNKput a current �le name. In most applications the data set is provided as a even t �le. A ro ot mo dule is recommended to BNKput its name for downstream mo dules. BNK keyw ord is \ ANL:FILENAME " (See x 4.3.1). 6 Or the second from the right

CHAPTER 4. REFERENCE FOR EXPER T 34 F or downstream mo dules, of course, a ro ot mo dule hav e to as many information of even ts in a data set as p ossible. F or example, a ro ot mo dule hav e to BNKput v arious information on a curren t even t, e.g. , ASCATIME to \ ANL:TIME ", DETX to \ ANL:DETX ", and PI to \ ANL:PI ". Also, it must to EVSset v arious ags, e.g. , \ SIS:SIS0 Event " for an observ ation even t of SIS0, \ SIS:FAINT " for an SIS faint mo de even t, and \ ANL:BIT HIGH " in case of an even t taken during high bit rate (See x 4.3.1). That means design of a ro ot mo dule is very imp ortant for the ASCA ANL system. Please note that a ro ot mo dule may determine quality of an analysis in some cases. In the end we recommend to consult a member of ASCA ANL W orking Group b efore designing a ro ot mo dule.

Chapter 5 Utilit y Routines Here is a brief description of the utilit y routines supplied with the ASCA ANL. With the utility routines, you can access many kinds of information required in programming a new mo dule. Some functions can b e realized without using the utilit y routines, how ev er, you are recommended to use the utility routines. In this section we brie y introduce functions of the utility routines. All the utility routines here are supplied in a library libANL UTIL.a . The library are automatically created by installing the ASCA ANL (see x A). The following functions are supplied. Name F unction Ref. ANL readHK register register HK items x 5.1 ANL readHK get an HK v alue from HK �les or FRF x 5.1 ANL readGISmoni count up GIS/RBM monitor counts in a sp eci�ed time interv al x 5.2 ANL orbit get orbital and attitude information x 5.3 ANL GETLUN get an uno ccupied logical unit num ber x 5.4 ANL FREELUN set free the o ccupied logical unit num ber x 5.4 ANL GET CHAIN INFO get mo dule names in an analysis chain x 5.5 ANL CURRENT CALL get the order of a mo dule called currently in an analysis chain x 5.5 5.1 ANL readHK ANL readHK is a function to get HK v alues from HK �les or FRF. First, if y ou get HK v alues from HK �les, set a name of a directory in which HK �les are stored to an environmen t v ariable FHKDIR . If you hav e HK �les in several directories, you can set names of the directories separated by a delimiter ’:’. If you set nothing to FHKDIR , HK �les are searched from the curren t directory . If you get HK v alues from FRF, y ou need not set FHKDIR but must include GISREAD or SISREAD in an analysis chain. Second, call ANL readHK register to register HK items. int ANL_readHK_register(char *HKitem); HKitem is a name of HK item you wan t. ANL readHK returns an ID for the HK item. If a error o ccurs, ANL readHK register returns a negative v alue. Third, call ANL readHK with ascatime and HKid to get a HK v alue you need. int ANL_readHK(int HKid, double ascatime, double mtime[2]); HKid is an in teger v alue whic h ANL readHK register returned. ANL readHK returns a HK v alue at ascatime whic h corresp onds to HKid . Also, ANL readHK returns the reference times in an array 35

CHAPTER 5. UTILITY ROUTINES 36 mtime . mtime[0] is a time stamp of the latest HK v alue b efore sp eci�ed ascatime in a HK �le and mtime[1] is a time stamp of the �rst HK v alue app eared after ascatime in a HK �le. If a error o ccurs, ANL readHK returns a negative v alue. Notice that it may not work w ell if y ou call ANL readHK register after calling ANL readHK . 5.2 ANL readGISmoni ANL readGISmoni is a function to count up GIS and/or RBM monitor counts in a sp eci�ed time interv al. F ollo wing shows the sample call of ANL readGISmoni . Y ou hav e to set integration times for ALL monitor counts individually . If you set zero to an integration time of a certain monitor count, ANL readGISmoni do es not count up the monitor count. In the following sample, RBM, H0 and H2 of GIS2/3 will b e counted up each four seconds. #incldue "anl_gismoni.h" double ascatime; /* ASCATIME of interest */ struct ANL_GISmoni gm; gm.rb.dt = 4; /* RBM count */ gm.g2.ld.dt = 0; /* GIS2 LDHIT */ gm.g2.l0.dt = 0; /* GIS2 L0 */ gm.g2.l1.dt = 0; /* GIS2 L1 */ gm.g2.l2.dt = 0; /* GIS2 L2 */ gm.g2.h0.dt = 4; /* GIS2 H0 */ gm.g2.h1.dt = 0; /* GIS2 H1 */ gm.g2.h2.dt = 4; /* GIS2 H2 */ gm.g2.ci.dt = 0; /* GIS2 CPUIN */ gm.g2.co.dt = 0; /* GIS2 CPUOUT */ gm.g2.to.dt = 0; /* GIS2 TLMOUT */ gm.g3.ld.dt = 0; /* GIS3 LDHIT */ gm.g3.l0.dt = 0; /* GIS3 L0 */ gm.g3.l1.dt = 0; /* GIS3 L1 */ gm.g3.l2.dt = 0; /* GIS3 L2 */ gm.g3.h0.dt = 4; /* GIS3 H0 */ gm.g3.h1.dt = 0; /* GIS3 H1 */ gm.g3.h2.dt = 4; /* GIS3 H2 */ gm.g3.ci.dt = 0; /* GIS3 CPUIN */ gm.g3.co.dt = 0; /* GIS3 CPUOUT */ gm.g3.to.dt = 0; /* GIS3 TLMOUT */ ANL_readGISmoni(ascatime, &gm); Return v alues for RBM counts are, for example, stored in following v ariables: double gm.rb.t0 Start time of integration double gm.rb.t1 End time of integration double gm.rb.dt ( gm.rb.t1 � gm.rb.t0 ) int gm.rb.count RBM counts in the in tegration time An instantaneous counting rate (c/s) of RBM counts at ascatime can b e calculated b y (gm.rb.count/gm.rb.dt) . Note that gm.rb.dt is set to 0.0 when ascatime is out of b ounds. At presen t, ANL readGISmoni works only in a limited condition. Also, you hav e to pa y careful atten tion to its usage. As a summary , y ou should note that following p oints in using ANL readGISmoni :

CHAPTER 5. UTILITY ROUTINES 37 � ANL readGISmoni m ust b e used with GISREAD or SISREAD. This function do es not work with FITSREAD. � ANL readGISmoni can b e called only from a C mo dule. � ANL readGISmoni do es not chec k that GIS or RBM are in the prop er state (GIS/RBM/HV/CPU ON/OFF, HV level, etc). � GIS monitor counts are not set in PCAL mo de. � TLMOUT is not set in MPC mo de. � It’s no use to set integration time longer than 16 SF (64 s in bit-H), b ecause GISREAD or SISREAD hold only 16 SF data in the memory . � Most of monitor coun ts are output once in 4 frames which corresp ond to 4 s in bit-L. (RBM and TLMOUT 1 frame, and LDHIT 2 frames) � Integration start and end are ( ascatime � dt /2) and ( ascatime + dt /2) in principle, but it can b e shifted if corresp onding SF are not in the memory . 5.3 ANL orbit ANL orbit is a function to get orbital and attitude information, such as rigidity , elev ation, and so on. A user can get the information by calling a function ANL orbit with the ascatime. Note that ANL orbit can b e called only from a C mo dule at present. #include <anl_orbit.h> ... ANL_orbit(ascatime, &asca); The function ANL orbit calls atF unctions through functions in ascato ol and the information is supplied b y a structure v ariable, � asca . The types of v ariables are shown in T able 5.1 and, T able 5.2. If no error o ccurred, ANL orbit returns ANL ORBIT OK . Otherwise, ANL orbit returns ANL ORBIT ERROR . T able 5.1: ANL orbit parameter parameter unit I/O type ascatime sec Input double � asca | Output ANLorbit 5.4 ANL GETLUN/ANL FREELUN If your mo dule needs a logical unit num ber for a �le I/O, use subroutines ANL GETLUN and ANL FREELUN . The subroutine ANL GETLUN gives us an uno ccupied logical unit num b er, and the subroutine ANL FREELUN releases the logical num ber. DO NOT use your fav orite num ber for a logical unit num b er. That ma y cause fatal errors in �le I/O. This means you may destroy data in science FITS �le in such a case. F ollo wings are examples of calling these subroutines. In the example you get or release a logical unit num ber through an integer v ariable lun .

CHAPTER 5. UTILITY ROUTINES 38 T able 5.2: structure mem b er of ANLorbit v ariable name unit type remark phi degree double Z-Y-Z �rst Euler angle theta degree double Z-Y-Z second Euler angle psi degree double Z-Y-Z third Euler angle RA degree double Right Ascension of T arget (J2000) DEC degree double Declination of T arget (J2000) height km double altitude of the satellite from the earth surface longitude degree double longitude of the satellite on the earth surface, 0 � longitude < 360 latitude degree double latitude of the satellite on the earth surface, � 90 � latitude � 90 rigidity GeV/c oat cuto� rigidity elev ation degree double elev ation angle from the earth edge earth | int 0:Sky 1:NightEarth 2:BrightEarth day night | int 1:Night else Day on the satellite saa | int 1:in 0:out SAA In FOR TRAN T o get a logical unit num b er, Integer*4 lun ... Call ANL_getlun(lun) T o release the logical unit num ber, Integer*4 lun ... Call ANL_freelun(lun) In C T o get a logical unit num b er, #include <anl_misc.h> ... int lun; ... ANL_GETLUN(lun); T o release the logical unit num ber, #include <anl_misc.h> ... int lun; ... ANL_FREELUN(lun); Notice that an argument lun is NOT a p ointer to an integer but an integer v ariable itself. This is b ecause we use "cfortran" to in terface C and FOR TRAN. See a manual of "cfortran"[9] for details. 5.5 ANL GET CHAIN INF O/ANL CURRENT CALL Y ou can get information on an analysis chain by calling a subroutine ANL GET CHAIN INFO or a function ANL CURRENT CALL . The subroutine ANL GET CHAIN INFO returns an array of char-

CHAPTER 5. UTILITY ROUTINES 39 acter strings which contains mo dule names in an analysis chain currently de�ned. The func- tion ANL CURRENT CALL returns an integer which indicates the mo dule currently called by the ASCA ANL system. The n um ber corresp onds to the order of calling mo dules in a de�ned analysis chain 1 . F ollo wings are examples of calling these subroutines. In the example you pass MAXSIZE , or a size of an array of character strings chain . The array chain is used to get mo dule names. Y ou also get defined , or the num ber of mo dules currently de�ned in the analysis chain, and registered , or the num b er of mo dules currently registered to the ASCA ANL system. In FOR TRAN T o get information on the analysis c hain, Integer MAXSIZE Parameter (MAXSIZE=10) character*16 chain(MAXSIZE) Integer defined, registered ... Call ANL_get_chain_info(MAXSIZE, chain, defined, registered) T o kno w which mo dule is currently called, Integer current Integer ANL_current_call ... current = ANL_current_call In C T o get information on the analysis c hain, #define MAXSIZE 10 ... char chain[MAXSIZE][16]; int defined, registered; ... ANL_GET_CHAIN_INFO(MAXSIZE, chain, defined, registered); Notice that arguments defined and registered are NOT p ointers to an integer but in teger v ariables themselv es. This is b ecause we use "cfortran" to interface C and FOR TRAN. See a manual of "cfortran"[9] for details. T o kno w which mo dule is currently called, int current; ... current = ANL_CURRENT_CALL(); 1 F or example, if you de�ned an analysis chain which includes three mo dules "A", "B", "C" in this order, ANL CURRENT CALL returns 2 while the system is calling the mo dule "B".

Chapter 6 Built-in Mo dules The ASCA ANL has a few built-in mo dules to do common tasks 1 in a data analysis. The mo dules are designed 2 to av oid \a o o d of soft w are to ols" 3 b y unifying a to ol for each task. Therefore, y ou are strongly recommended to use the built-in mo dules when you needs the same function as that of one of built-in mo dule. All the built-in mo dules here are listed in T able 6.1 and supplied as a library libANL MODULE.a . The libraries are automatically created by installing the ASCA ANL (see x A). In this section we brie y introduce functions of the built-in mo dules. Name F unction Reference FITSREAD Read FITS �le and extract the data for each photon x 6.1 SISREAD Read FRF and extract the SIS raw data for each photon x 6.2 SISTUNE Apply v arious calibration constants to the raw SIS data x 6.2 GISREAD Read FRF and extract the GIS raw data for each photon x 6.3 GISTUNE Apply v arious calibration constants to the raw GIS data x 6.3 T able 6.1: F unctions of built-in mo dules in a library libANL MODULE.a IMPOR T ANT NOTE FOR VERSION 2.00 OR LA TER SISREAD , SISTUNE , GISREAD , and GISTUNE are NOT included in the ASCA ANL pack age v ersion 2.00 or later. Instead, these are supplied through ASCA ANL contrib 4 . 6.1 FITSREAD FITSREAD is one of the most up-stream mo dules. It reads FITS �le and extracts the data for each photon by utilizing FITSIO routine. F or the mo dules in the low er stream of the analysis sequence, FITSREAD puts data in the BNK data bu�er. User mo dule can access data by calling BNKget in their analysis routine. The BNK keyw ords are same as ones de�ned in the FITS �le, except for the header \ GIS: " for GIS and \ SIS: " for SIS. BNK keyw ords and the size used in FITSREAD are summarized in T able 4.6. 1 F or example, a task of reading data from FITS �le is commonly required in a data analysis. 2 Clearly , as a result, the mo dules reduce your lab or to create a new analysis program. 3 This means di�erent p eople make di�erent to ols with di�erent algorithm, which leads to the di�erent result for the same analysis. 4 Read page ii for details on ASCA ANL contrib. 40

CHAPTER 6. BUIL T-IN MODULES 41 Pseudo Even t FITSREAD can generate pseudo even ts separated by a constant time interv al. The time interv al can b e sp eci�ed arbitrarily . Y ou can distinguish b etw een a observ ation even t and a pseudo even t using eventid , EVS , or a BNK keyw ord \ ANL:SENSOR ". Y ou can calculate an exp osure time with pseudo even ts. Parameter Settings Y ou may sp ecify how FITSREAD acts by setting parameters with MODIFY PARAM command. In T able 6.2 we summarize commands in MODIFY PARAM of FITSREAD . Command F unction Default SHOW Display current settings | PSEUDO INTERVAL Set time interv al of pseudo even ts a 0.0 EULER Set whether to BNKput Euler angles No EXIT Exit from MODIFY PARAM | a No pseudo even t is generated if set to 0.0. T able 6.2: Commands in MODIFY PARAM of FITSREAD 6.2 SISREAD with SISTUNE SISREAD is another most up-stream mo dule that delivers data to other mo dules. It is based on the utility functions implemented in tlmeventsFRF written by K. Mitsuda (ISAS) and allo ws a user to access FRF �le directly . Note that SISREAD only reads raw data such as CCDID , PHA , RAWX , etc. In order to calculate calibrated data, such as DETX , X , SISTUNE should b e assigned as a down stream mo dule. SISTUNE reads raw data and conv erts them into calibrated data based on calibration constants. SISTUNE also utilizes functions in tlmeventsFRF . Calibrated data are stored in BNK data bu�er and passed to the do wn stream mo dules. The same k eyw ords as FITSREAD are used for BNK in SISREAD/SISTUNE . Pseudo Even t SISREAD can generate pseudo even ts at the b eginning of each CCD frame. The in terv al can’t b e sp eci�ed arbitrarily . Using these pseudo even ts, you can not only recognize CCD frames easily but also calculate an exp osure time. Parameter Settings Y ou may sp ecify how SISREAD and SISTUNE acts by setting parameters with MODIFY PARAM com- mand. In T able 6.3 and 6.4 we summarize commands in MODIFY PARAM of SISREAD and SISTUNE , resp ectively .

CHAPTER 6. BUIL T-IN MODULES 42 Command F unction Default BitRate Select bit rate of the data ANY Pseudo-Event Set whether to generate pseudo ev en ts a OFF Euler-Angle Set whether to BNKput Euler angles Y es Return-to-Menu Return to ASCA ANL menu (Exit from MODIFY PARAM ) | a Y ou can not sp ecify its time interv al T able 6.3: Commands in MODIFY PARAM of SISREAD Command F unction Default Teldef-File Sets a name of a teldef �le \-" Reference-Position Sets a reference p oint to conv ert co ordinates (0.0, 0.0) Return-to-Menu Return to ASCA ANL menu (Exit from MODIFY PARAM ) | T able 6.4: Commands in MODIFY PARAM of SISTUNE 6.3 GISREAD with GISTUNE GISREAD is yet another most up-stream mo dule that delivers data to other mo dules. It is based on the utility functions implemen ted in GIPHS written by Y. Ishisaki and allows a user to access FRF �le directly . Note that GISREAD only reads raw data such as PHA , RAWX , RISE TIME , etc. In order to correct these ra w data GISTUNE should b e assigned as a down stream mo dule. GISTUNE obtains data and applies v arious calibration constants to the raw data. GISTUNE also utilizes functions in GIPHS . Corrected data is stored in BNK data bu�er and passed to the down stream mo dules. The same keyw ords as FITSREAD are used for BNK in GISREAD/GISTUNE . Pseudo Even t GISREAD can generate pseudo ev en ts separated b y a constan t time interv al. The interv al can b e sp eci�ed arbitrarily . Y ou can distinguish b et w een an observ ation even t and a pseudo even t using eventid , EVS , or a BNK keyw ord \ ANL:SENSOR ". Y ou can calculate an exp osure time with pseudo even ts. Parameter Settings Y ou may sp ecify how GISREAD and GISTUNE acts by setting parameters with MODIFY PARAM com- mand. In T able 6.5 and 6.7 we summarize commands in MODIFY PARAM of GISREAD and GISTUNE , resp ectively . Sp ecial BNK Keywords GISREAD and GISTUNE de�ne sp ecial BNK keyw ords show ed in T able 6.6 and 6.8, resp ectively . Sp ecial EVS Keywords GISTUNE de�nes sp ecial EVS keyw ords show ed in T able 6.9.

CHAPTER 6. BUIL T-IN MODULES 43 Command F unction Default SHOW Displa y current settings | GIS2 Read GIS2 even ts ON GIS3 Read GIS3 even ts ON GISMON Set whether GIS monitor counts should b e counted by EVS OFF EULER Set whether Euler angle should b e BNKput ON BITRATE Select bit rate of the data HML POINTING Select data in p ointing mo de a ON OBS Select data in observ ation mo de ON GISOK Select data only when GIS status is O.K. b ON GISNORM Select data only when GIS mo de is normal c ON GISSPD Read data with GIS spread discr. ag ON/OFF/BOTH BOTH GISCNT Set min./max. v alue of GIS count rate (c/s/sup er-frame) 0.0 { 0.0 RBMCNT Set min./max. v alue of RBM count rate (c/s/sup er-frame) 0.0 { 0.0 RIGIDITY Set min./max. v alue of cut-o� rigidity (GeV/c) 0.0 { 0.0 SUNH Set min./max. v alue of Sun elev ation (degree) 0.0 { 0.0 ELEV Set min./max. v alue of target elev ation (degree) 0.0 { 0.0 DYE Set min./max. v alue of target elev ation from day earth (degree) 0.0 { 0.0 NTE Set min./max. v alue of target elev ation from night earth (degree) 0.0 { 0.0 PSEUDO INTERVAL Sets time interv al of pseudo even ts d 1.0 EXIT Exit from MODIFY PARAM | a When ACS maneuver ag is OFF b When GIS ON, CPU running, RBM ag OFF, and nominall v alue of HV and �ne gain c When PH mo de, nominal bit assignment (10-8-8-5-0), nominal R T window, p osition metho d FLF, etc. d No pseudo even t is generated if set to 0.0. T able 6.5: Commands in MODIFY PARAM of GISREAD BNK keyw ord name Type Commen t GISREAD:FILENAME Character*(*) FRF �le name reading now GISREAD:PSEUDO INTERVAL Real*8 Pseudo even t interv al (sec). If 0.0, no pseudo even ts are generated GISREAD:ARRIVAL TIME Real*8 Equal to ANL:TIME if timing bits are assigned, otherwise 0.0 GISREAD:TELEMETRY TIME Real*8 Ev en t time calculated from the word p osition of the even t app eared in telemetry . If no timing bits are assigned, equal to ANL:TIME T able 6.6: Sp ecial BNK k eyw ords of GISREAD

CHAPTER 6. BUIL T-IN MODULES 44 Command F unction Default SHOW Displa y current settings | ENABLE Enable v arious functions of GISTUNE | DISABLE Disable v arious functions of GISTUNE | DIRECTORY Set default directory name of calibration �les /asca/caldb PHTUNE Set �le names of gain maps ’ph s2 v3.table’ for S2 ’ph s3 v3.table’ for S3 HKTUNE Enable/disable correction of gain with temp erature ENA LDHTUNE Enable/disable correction of gain with LDHIT count rate DIS RTTUNE Set �le names of rise time maps ’s2xyrt f.�ts’ for S2 ’s3xyrt f.�ts’ for S3 RTMASK Set �le names of rise time masks ’rtmask’ for S2 ’rtmask’ for S3 XYLIN Set �le names of maps for RA W-DET conv ersion ’x f s2.table’ for S2 X-co ord. ’y f s2.table’ for S2 Y-co ord. ’x f s3.table’ for S3 X-co ord. ’y f s3.table’ for S3 Y-co ord. COORD Enable/disable attitude correction ENA ASCALINSKY Enable/disable to use ASCALIN-compatible sky co ordinates ENA ABERRATION Enable/disable ab erration correction ENA EULER Set reference Euler angles a A UTO REFJ2000 Set reference sky p osition b A UTO ROLLANGLE Set roll angle 0.0 GAINHIST Set �le name of gain history �le ’gis temp2gain.�ts’ PHGAIN Set extra factor for PI v alue 1.0 for S2 1.0 for S3 TELDEF Set �le names of teldef �les gis2teldefv2.�ts for S2 gis3teldefv2.�ts for S3 EXIT Exit from MODIFY PARAM | a Use an attitude of the �rst even t when AUTO b Use Z-axis direction of the �rst even t when AUTO T able 6.7: Commands in MODIFY PARAM of GISTUNE BNK keyw ord name T yp e Comment GISTUNE:PI:R8 Real*8 V alue of GIS:PI b efore rounding GISTUNE:RTI:R8 Real*8 V alue of GIS:RTI b efore rounding GISTUNE:X:R8 Real*8 V alue of GIS:X b efore rounding GISTUNE:Y:R8 Real*8 V alue of GIS:Y b efore rounding GISTUNE:DETX:R8 Real*8 V alue of GIS:DETX b efore rounding GISTUNE:DETY:R8 Real*8 V alue of GIS:DETY b efore rounding T able 6.8: Sp ecial BNK k eyw ords of GISTUNE EVS keyw ord name Set when GISTUNE:BEGIN gistune b egin() is called GISTUNE:ENTRY gistune ana() is called GISTUNE:OK gistune ana() returns ASCA ANL OK GISTUNE:EULER ERROR gistune ana() cannot get ANL:EULER and returns ASCA ANL SKIP GISTUNE:LDHIT ERROR gistune ana() cannot get LDHIT count rate and returns ASCA ANL SKIP GISTUNE:RTMASK a ev en t is rejected by the rist time mask and returns ASCA ANL SKIP T able 6.9: Sp ecial EVS keyw ords of GISTUNE

Chapter 7 Details on F OR TRAN Mo dule Here are describ ed the rules for a FOR TRAN mo dule in detail. In the following description, for simplicity , we assume the name of the mo dule of USER in this section. In en explanation of "Arguments" of the subroutines a character in parentheses means a direc- tional characteristic of the argumen t; "(I)" means "input argument" whic h is used to pass a v alue to the subroutine, "(O)" means "output argument" which is used to return a v alue to the caller, and "(I/O)" means "mo di�cation argument" whic h is used b oth to pass a v alue to the subroutine and to return a v alue to the caller. Y ou m ust not change a v alue of the input argument in any case. Also, you hav e to set a v alue to the output argument b efore returning. In setting a v alue you are strongly recommended to use a constan t in an included �le "asca anl.inc" as describ ed in the following instead of a raw n um ber. Y ou may mo dify a v alue of the mo di�cation argument if necessary . F urthermore, you hav e to satisfy "Requirements" for each subroutine, and are strongly recom- mended to follow "Recommendation". 45

CHAPTER 7. DET AILS ON FOR TRAN MODULE 46 Subroutine USER init |Initialization routine. Synopsis Subroutine USER init(status) Integer status Include ’Includes.inc’ Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required In this subroutine you hav e to set up a few ags b y calling EVSdef. Call EVSdef(’USER:BEGIN’) Call EVSdef(’USER:ENTRY’) Call EVSdef(’USER:OK’) The name of these keyw ord ’USER:BEGIN’ , ’USER:ENTRY’ , ’USER:OK’ are reserved and can not b e changed by the user. Also, the you must declare version num ber of this mo dule ’USER’ lik e this: Call ANL_put_version(’USER’,’version 1.0’) The �rst argument of ANL put version is the mo dule name, and second argument is a string (up to 16 characters) con taining version num ber. Y ou can change a format of expressing the version num ber as you like. Comments This subroutine is called once b efore starting data analysis. EVSdef and BNKdef (see x 3.2.2) are recommended to b e in this subroutine.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 47 Subroutine USER com | Communication routine Synopsis Subroutine USER com(status) Integer status Include ’Includes.inc’ Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called in resp onse to the command MODIFY PARAM (see also x 2.2). Param- eters of analysis ( e.g. sensor ID) should b e asked to an analyzer in this subroutine.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 48 Subroutine USER his | Histogram b o oking routine Synopsis Subroutine USER his(status) Integer status Include ’Includes.inc’ Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called in resp onse to the command ANALYZE DATA if sp eci�ed by the com- mand BOOK HISTOGRAM (see also x 2.2). All histograms should b e b o oked in this subroutine.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 49 Subroutine USER bgnrun | Beginning-of-Run routine. Synopsis Subroutine USER bgnrun(status) Integer status Include ’Includes.inc’ Arguments status (O) Controls the ow of data. Set ASCA ANL OK , if the b eginning of the run go es go o d. Set ASCA ANL QUIT , if you wan t to discard the current data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the current data set without calling analysis entries ( * bgnrun ) of mo dules down- stream in reference to this mo dule. Required At the b eginning of this subroutine y ou ha v e to set one of the EVS ag whose keyw ord is ’USER:BEGIN’ . Call EVSset(’USER:BEGIN’) Comments This subroutine is called once just after each data set ( e.g. data �le) is op ened. That means this subroutine is called N times in case of analyzing N sets of data, if no mo dule returns ASCA ANL QUIT as a status of the subroutine * bgnrun . In this subroutine initialization for each data set should b e placed.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 50 Subroutine USER ana | Analysis routine. Synopsis Subroutine USER ana(nevent,eventid,status) Integer nevent, eventid Integer status Include ’Includes.inc’ Arguments nevent ( I ) Sequential num ber of ev en ts. eventid ( I ) Ev en t ID. evnentid = ASCA ANL OBS when the current photon is the observed one. evnentid = ASCA ANL PSEUDO when the current photon is the pseudo even t. status (O) Controls the ow of data. Classic control v alues (NOT additive) Set ASCA ANL OK , if the analysis go es go o d. Set ASCA ANL QUIT , if y ou wan t to discard the curren t data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the curren t data set without calling analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Note that NONE of EVS ags are accumulated for the current photon when this v alue is set. Set ASCA ANL SKIP , if you wan t to discard the current photon after this subroutine. After the discard the ASCA ANL system starts to pro cess the next photon data, skipping analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Additive control v alues Add ANL DISCARD , if you wan t to discard the current photon after this subroutine. After the discard the ASCA ANL system starts to pro cess the next photon data, skipping analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Add ANL ENDLOOP , if y ou wan t to discard the curren t data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the curren t data set without calling analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Add ANL NOCOUNT , if you DON’T wan t to accumulate the curren t EVS ags after this subroutine. This ag DOES NOT a�ect the pro cedure to call mo dules downstream in reference to this mo dule. Note that NONE of EVS ags are accum ulated for the current photon when this ag is issued.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 51 Required At the b eginning of this subroutine y ou ha v e to set one of the EVS ag whose keyw ord is ’USER:ENTRY’ . Call EVSset(’USER:ENTRY’) If the data is successfully analyzed and all is go o d at the end of this subroutine, you must set one of the EVS ag whose k eyw ord is ’USER:OK’ . Call EVSset(’USER:OK’) Comments This subroutine is called for each photon in data set. That means this subroutine is called N times in case of analyzing N photons. All you hav e to write in this subroutine is an analysis for one photon, e.g. , to add one photon to an appropriate bin in energy histogram. Iterative call of this subroutine realizes the photon-by-photon analysis.

CHAPTER 7. DET AILS ON FOR TRAN MODULE 52 Subroutine USER endrun | End-of-Run routine. Synopsis Subroutine USER endrun(status) Integer status Include ’Includes.inc’ Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called once just after an analysis of each data set, if the subroutine * bgnrun of the same mo dule was called b efore the analysis of the same data set. That means this subroutine is called N times in case of analyzing N sets of data, if no mo dule returns ASCA ANL QUIT as a status of the subroutine * bgnrun .

CHAPTER 7. DET AILS ON FOR TRAN MODULE 53 Subroutine USER exit | Exit routine. Synopsis Subroutine USER exit(status) Integer status Include ’Includes.inc’ Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called once just b efore exiting the ASCA ANL. Y ou do not hav e to sa v e histograms you created in your analysis b ecause the histograms are sav ed in resp onse to the command SAVE HISTOGRAM (see also x 2.2) or in resp onse to answering y when you are asked by ASCA ANL, Save histogram (Y/N): Y ? , b efore your exit.

Chapter 8 Details on C Mo dule Here are describ ed the rules for a C mo dule in detail. In the following description, for simplicit y , we assume the name of the mo dule of User . Y ou need to include several header �les for a C mo dules. Here is a list of headers required. header b elongs to includes cfortran.h CERN library macros to interface C and FOR TRAN hbo ok.h CERN library macros of cfortran for HBOOK asca anl.h ASCA ANL constants for ags cli.h ASCA ANL macros of cfortran for CLI com.h ASCA ANL macros of cfortran for COM bnk.h ASCA ANL macros of cfortran for BNK evs.h ASCA ANL macros of cfortran for EVS anl misc.h ASCA ANL macros of cfortran for utilit y routines Also, you hav e to notice the case of letters here in following p oints. � All subroutines b elonging to the same mo dule hav e to ha v e the same case of letters. F or example, if you de�ne the name as User , you hav e to name User init and so on, and you can’t write it as USER init nor USer init . � All subroutines b elonging to libraries 1 written in FOR TRAN must call with a name in upp er case letters. F or example, the subroutine BNKdef 2 should b e called as BNKDEF("User:BEGIN") . In en explanation of "Arguments" of the subroutines a character in parentheses means a direc- tional characteristic of the argumen t; "(I)" means "input argument" whic h is used to pass a v alue to the subroutine, "(O)" means "output argument" which is used to return a v alue to the caller, and "(I/O)" means "mo di�cation argument" whic h is used b oth to pass a v alue to the subroutine and to return a v alue to the caller. Y ou m ust not change a v alue of the input argument in any case. Also, you hav e to set a v alue to the output argument b efore returning. In setting a v alue you are strongly recommended to use a constant in a header �le "asca anl.h" as describ ed in the following instead of a raw num ber. Y ou may mo dify a v alue of the mo di�cation argument if necessary . F urthermore, you hav e to satisfy "Requirements" for each subroutine, and are strongly recom- mended to follow "Recommendation". 1 F or example, HBOOK, BNK, EVS, and utility routines of the ASCA ANL(in libMISC.a) are written in FOR- TRAN. 2 The subroutine in BNK de�ning a keyw ord. 54

CHAPTER 8. DET AILS ON C MODULE 55 Subroutine User init |Initialization routine. Synopsis void User init(int *status) Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required In this subroutine you hav e to set up a few ags b y calling EVSdef. EVSDEF("User:BEGIN") EVSDEF("User:ENTRY") EVSDEF("User:OK") The name of these keyw ord "User:BEGIN" , "User:ENTRY" , "User:OK" are reserved and can not b e c hanged by the user. Also, the y ou must declare version n um ber of this mo dule "User" like this: ANL_PUT_VERSION("User","version 1.0") The �rst argument of ANL PUT VERSION is the mo dule name, and second argument is a string (up to 16 characters) con taining version num ber. Y ou can change a format of expressing the version num ber as you like. Comments This subroutine is called once b efore starting data analysis. EVSDEF and BNKDEF (see x 3.2.2) are recommended to b e in this subroutine.

CHAPTER 8. DET AILS ON C MODULE 56 Subroutine User com | Communication routine Synopsis void User com(int *status) Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called in resp onse to the command MODIFY PARAM (see also x 2.2). Param- eters of analysis ( e.g. sensor ID) should b e asked to an analyzer in this subroutine.

CHAPTER 8. DET AILS ON C MODULE 57 Subroutine User his | Histogram b o oking routine Synopsis void User his(int *status) Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called in resp onse to the command ANALYZE DATA if sp eci�ed by the com- mand BOOK HISTOGRAM (see also x 2.2). All histograms should b e b o oked in this subroutine.

CHAPTER 8. DET AILS ON C MODULE 58 Subroutine User bgnrun | Beginning-of-Run routine. Synopsis void User bgnrun(int *status) Arguments status (O) Controls the ow of data. Set ASCA ANL OK , if the b eginning of the run go es go o d. Set ASCA ANL QUIT , if you wan t to discard the current data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the current data set without calling analysis entries ( * bgnrun ) of mo dules down- stream in reference to this mo dule. Required At the b eginning of this subroutine y ou ha v e to set one of the EVS ag whose keyw ord is "User:BEGIN" . EVSSET("User:BEGIN") Comments This subroutine is called once just after each data set ( e.g. data �le) is op ened. That means this subroutine is called N times in case of analyzing N sets of data, if no mo dule returns ASCA ANL QUIT as a status of the subroutine * bgnrun . In this subroutine initialization for each data set should b e placed.

CHAPTER 8. DET AILS ON C MODULE 59 Subroutine User ana | Analysis routine. Synopsis void User ana(int nevent,int eventid,int *status) Arguments nevent ( I ) Sequential num ber of ev en ts. eventid ( I ) Ev en t ID. evnentid = ASCA ANL OBS when the current photon is the observed one. evnentid = ASCA ANL PSEUDO when the current photon is the pseudo even t. status (O) Controls the ow of data. Classic control v alues (NOT additive) Set ASCA ANL OK , if the analysis go es go o d. Set ASCA ANL QUIT , if y ou wan t to discard the curren t data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the curren t data set without calling analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Note that NONE of EVS ags are accumulated for the current photon when this v alue is set. Set ASCA ANL SKIP , if you wan t to discard the current photon after this subroutine. After the discard the ASCA ANL system starts to pro cess the next photon data, skipping analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Additive control v alues Add ANL DISCARD , if you wan t to discard the current photon after this subroutine. After the discard the ASCA ANL system starts to pro cess the next photon data, skipping analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Add ANL ENDLOOP , if y ou wan t to discard the curren t data set (or the current �le in many case) after this subroutine. After the discard the ASCA ANL system terminates to pro cess the curren t data set without calling analysis entries ( * ana ) of mo dules downstream in reference to this mo dule. Add ANL NOCOUNT , if you DON’T wan t to accumulate the curren t EVS ags after this subroutine. This ag DOES NOT a�ect the pro cedure to call mo dules downstream in reference to this mo dule. Note that NONE of EVS ags are accum ulated for the current photon when this ag is issued.

CHAPTER 8. DET AILS ON C MODULE 60 Required At the b eginning of this subroutine y ou ha v e to set one of the EVS ag whose keyw ord is "User:ENTRY" . EVSSET("User:ENTRY") If the data is successfully analyzed and all is go o d at the end of this subroutine, you must set one of the EVS ag whose k eyw ord is "User:OK" . EVSSET("User:OK") Comments This subroutine is called for each photon in data set. That means this subroutine is called N times in case of analyzing N photons. All you hav e to write in this subroutine is an analysis for one photon, e.g. , to add one photon to an appropriate bin in energy histogram. Iterative call of this subroutine realizes the photon-by-photon analysis.

CHAPTER 8. DET AILS ON C MODULE 61 Subroutine User endrun | End-of-Run routine. Synopsis void User endrun(int *status) Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called once just after an analysis of each data set, if the subroutine * bgnrun of the same mo dule was called b efore the analysis of the same data set. That means this subroutine is called N times in case of analyzing N sets of data, if no mo dule returns ASCA ANL QUIT as a status of the subroutine * bgnrun .

CHAPTER 8. DET AILS ON C MODULE 62 Subroutine User exit | Exit routine. Synopsis void User exit(int *status) Arguments status (O) Reserved for the future. Should b e ASCA ANL OK when it returns. Required None. Comments This subroutine is called once just b efore exiting the ASCA ANL. Y ou do not hav e to sa v e histograms you created in your analysis b ecause the histograms are sav ed in resp onse to the command SAVE HISTOGRAM (see also x 2.2) or in resp onse to answering y when you are asked by ASCA ANL, Save histogram (Y/N): Y ? , b efore your exit.

App endix A Installation of the ASCA ANL Y ou can install the ASCA ANL easily in a following wa y . 1. Install FTOOLS, CERN libraries, etc. 2. Get a copy of source �les with ftp. 3. Expand the sources on your computer system. 4. Mo dify Make�le for your computer system. 5. Make the ASCA ANL. 6. Install the ASCA ANL. 7. Install T est. A.1 Install FTOOLS, CERN libraries, etc. Y ou must install following pac k ages b efore building ASCA ANL. FTOOLS (includes FITSIO, CFITSIO) ftp://legacy.gsfc.nasa.gov/software/ftools/release/ CERN libraries (includes hbo ok.h, cfortran.h) ftp://asis01.cern.ch/ atF unctions ftp://ftp.astro.isas.ac.jp/astro-d/planning/program/ COM + CLI [+ readline] (from DISPLA Y45) ftp://ftp.astro.isas.ac.jp/pub/display/ (DISPLA Y45) ftp://utsun.s.u-tokyo.ac.jp/ftpsync/prep/ (readline) ascato ol ftp://ftp.astro.isas.ac.jp/astro-d/planning/program/ 63

APPENDIX A. INST ALLA TION OF THE ASCA ANL 64 A.2 FTP The distribution kit of the ASCA ANL is placed on a site 1 which is announced with a release note. The kit has a name lik e asca anl v2.00.tar.gz which means \ASCA ANL version 2.00". T ransfer the kit to your computer system with ftp. In the following part of this section,for simplicity , we assume the version num ber of the ASCA ANL system as 2.00. A.3 Expand After you cop y the kit to an appropriate directory on your computer system, type % gzcat asca anl v2.00.tar.gz | tar xvf � A directory asca anl v2.00/ are created in the directory where you in v ok e the command. The directory structure of b elow \ asca anl v2.00/ " are follo wing: asca anl v2.00/ src/ � � � con tains source �les module/ � � � contains mo dules include/ � � � contains header �les util/ � � � contains utilities tools/ � � � contains to ols doc/ � � � con tains do cumentations sample/ � � � contains sample mo dules A.4 Arrange Mak e�le Edit a �le asca anl v2.00/Includes.make and change de�nitions of the following macro to sp ecify a directory . A.5 Mak e In order to \mak e" the ASCA ANL, just t yp e % make in a directory asca anl v2.00/ . It takes ab out 2 minutes to compile whole pack age on DEC 3000/600S AXP . A.6 Install Create install directories where you wrote in \ Includes.make " ( ASCA ANL INC , ASCA ANL LIB , ASCA ANL BIN ), and type ‘ make install ’. After installing ASCA ANL pack age, you can erase ob ject �les and libraries by t yping ‘ make clean ’. 1 The site is not an anonymous ftp site. Thus you are required to hav e your own account on the site.

APPENDIX A. INST ALLA TION OF THE ASCA ANL 65 MACRO required con ten ts in the directory ASCA ANL DIR the ASCA ANL directory ASCA ANL INC header �les of the ASCA ANL ASCA ANL LIB libraries of the ASCA ANL ASCA ANL BIN executables for the ASCA ANL ASCA ANL LNK link option for the ASCA ANL ASCATOOL DIR ascato ol directory ASCATOOL INC header �les for ascato ol ascatool.h , etc. ASCATOOL LNK link option for ascato ol libascatool.a COM CLI LNK link option for CLI/COM libCOM.a , libCLI.a , libreadline.a ATFUNCTIONS INC header �les for atF unctions atFunctions.h and atError.h ATFUNCTIONS LNK link option for the atF unctions libatFunctions.a CERN DIR CERN directory CERN INC header �les for CERN library cfortran.h and hbook.h CERN LNK link option for CERN library libgraflib.a , libgrafX11.a , libpacklib.a , libkernlib.a , libmathlib.a , libX11.a FITSIO LNK link option for FITSIO libfitsio.a CC default C compiler FC default FOR TRAN compiler DEFAULT F77 LNK default FOR TRAN library T able A.1: Macros in Include.make A.7 Install T est Y ou are recommended to chec k your installation of ASCA ANL. Type as follows: % cd sample % make % make test If something is wrong, ‘ make ’ or ‘ make test ’ complains error messages. Read those messages and chec k \Includes.mak e" again. After test, y ou shuld clean sample directories for ASCA ANL users, typing ‘ make clean ’ in \ ./sample/ " directory .

App endix B BNK A following description shows a typical pro cedure to use BNK. See T ableB.1 in details. B.1 In F OR TRAN 1. First, declare \BNK keyw ord" 1 and size of data. Call BNKdef(key, size) Input parameter key BNK k eyw ord to b e de�ned (Character � 24chars) size Size of stored data in byte (Integer > 0) 2. Put data into BNK Call BNKput(key, size, array) Input parameter key BNK k eyw ord (Character � 24chars) size Size of data in byte (Integer > 0) array V ariable storing data to put (type of data to b e put) 3. Get data from BNK Call BNKget(key, size, used_size, array) Input parameter key BNK k eyw ord (Character � 24chars) size Size of data to get in byte (Integer > 0) Output parameter used size Size of stored data in byte (Integer > 0) array V ariable to get data (type of data to b e got) 1 \BNK keyw ord" is the name to b e used to access each data. 66

APPENDIX B. BNK 67 Subroutine name function BNKini initialize BNKdef(key,size) BNK k ey de�nition BNKeqv(key1,size,key,start pointer) assign key to prede�ned (k ey and data) BNKput(key,size,array) put data BNKget(key,size,used size,array) get data BNKlst list key BNKdmp(key,format) dump data to STDOUT BNKnum(key,stored size,maxsize) get information BNKclr clear of data T able B.1: Subroutines of BNK B.2 In C 1. First, declare \BNK keyw ord" 2 and size of data. BNKDEF(key, size) Input parameter key BNK k eyw ord to b e de�ned (char � 24chars) size Size of stored data in byte (int > 0) 2. Put data into BNK BNKPUT(key, size, ptr) Input parameter key BNK k eyw ord (char � 24chars) size Size of data in byte (int > 0) ptr Poin ter to v ariable storing data to put (p oin ter) 3. Get data from BNK BNKGET(key, size, used_size, ptr) Input parameter key BNK k eyw ord (char � 24chars) size Size of data to get in byte (int > 0) Output parameter used size Size of stored data in byte (int > 0) ptr Poin ter to v ariable to get data (p ointer) 2 \BNK keyw ord" is the name to b e used to access each data.

App endix C EVS 1. First, declare the name of even t selection. Call EVSDEF( name ) will de�ne the name ( charcter string within 32 chars ). 2. There are three wa ys to set the v alue of even t selection. (a) EVSSET( name ) Call EVSSET( name ) will set the v alue of the sp eci�ed even t selection to .TRUE. . (b) EVSCLR( name ) Call EVSCLR( name ) will set the v alue of the name to .F ALSE. ;in other word, ’clear’. (c) EVSV AL( name, logic ) Call EVSVAL( name, logic ) will set the v alue of the even t selection to the v alue given b y ’logic’. ’logic’ is a logi- cal expression, as .TRUE., .F ALSE., logical v ariable, or logical combination of logical v ariables. 3. In order to get the v alue of the even t selection, use logical function EVS. EVS( name ) returns the v alue of the sp eci�ed ev en t selection. F or example, you can use EVS as If( EVS( ’ALL_CHAMBERS_HIT’ ) ) then ...... or Call EVSVAL( ’PC1V_IS_OK’, ( MULT(1).GT.0 ) ) Call EVSVAL( ’PC1H_IS_OK’, ( MULT(2).GT.0 ) ) Call EVSVAL( ’PC1_IS_OK’, & ( EVS(’PC1V_IS_OK’) .and. EVS(’PC1H_IS_OK’) ) ) ... and so on. Do not forget to declare the function EVS as logical ; put the next statement in a declaration part in each routine whic h uses EVS. 68

App endix D HBOOK T o use HBOOK, y ou hav e to know only t w o concepts at least, i.e. , b o oking histograms and �lling data to them. Histograms can b e one dimensional or tw o dimensional. HBOOK supp orts another type of histograms and v arious useful functions to op erate them. See HBOOK R efer enc e Manual 1 in details. W e hop e follo wing descriptions will helpful for you. 1. Bo ok Histogram | One dimensional case | Call HBOOK1 (ID, TITLE, NX, XMIN, XMAX, 0.0) Input parameter ID Histogram Identifer (INTEGER > 0) TITLE Histogram Title (CHARACTER) NX Number of c hannels (INTEGER) XMIN Low er edge of �rst channel (REAL) XMAX Upp er edge of last channel (REAL) | t w o dimensional case | Call HBOOK2 (ID, TITLE, NX, XMIN, XMAX, NY, YMIN, YMAX, 0.0) Input parameter ID Histogram Identifer (INTEGER > 0) TITLE Histogram Title (CHARACTER) NX Number of c hannels in X (INTEGER) XMIN Low er edge of �rst X channel (REAL) XMAX Upp er edge of last X c hannel (REAL) NY Number of c hannels in Y (INTEGER) YMIN Low er edge of �rst Y channel (REAL) YMAX Upp er edge of last Y c hannel (REAL) 2. Fill Data into Histogram | One dimensional case | Call HF1 (ID, X, WEIGHT) Input parameter ID Histogram Identifer (INTEGER > 0) X v alue of the abscissa (REAL) WEIGHT even t weigh t (REAL) 1 HBOOK R efer enc e Manual is distributed with HBOOK by CERN. 69

APPENDIX D. HBOOK 70 | t w o dimensional case | Call HF2 (ID, X, Y, WEIGHT) Input parameter ID Histogram Identifer (INTEGER > 0) X v alue of the abscissa (REAL) Y v alue of the ordinate (REAL) WEIGHT even t weigh t (REAL)

App endix E CLI Sp ecial Directiv es @file [arg...] Executes a command pro cedure �le ’ file ’. ’ %n ’ (n=1..9) in a command pro cedure �le will b e replaced by the actual arguments. @@file Executes a command pro cedure �le ’�le’ in the single step mo de. @*prompt Reads from TT in a command pro cedure. @< Susp ends/resumes the execution of a command pro cedure. @!comment Comment in a command pro cedure. @$command Executes a DCL/shell command. @(file The subsequent inputs will b e written on ’�le’. @) Closes the �le op ened by ’ @( ’ directive. @>file The subsequent outputs will b e written on ’�le’. 71

APPENDIX E. CLI SPECIAL DIRECTIVES 72 @>* Closes the �le op ened by ’ @> ’ directive and resumes the output. @% T urns outputs o�. @# T urns outputs on. @symbol=value Symbol assignment. The symbol will b e referred as $symbol or $(symbol) . !! Recalls and executes a most recently entered command line. !- n Recalls and executes a n -th recently entered command line. ! p attern Recalls and executes a most recently en tered command line that matches the characters ’ p attern ’.

Bibliograph y [1] T.T ak ahashi, Mini Data Bank system |BNK| [2] T.T ak ahashi Ev en t Selection Softw are |EVS| [3] HBOOK Reference Manual V ersion 4.15, CERN Program Library Long W riteup Y250, Application Softw are Group, Computing and Netw orks Division, CERN Genev a, Switzerland [4] HPLOT user guide, R.Brun and N. Cremel Somon, CERN program library Y251, F ebruary 19, 1988 [5] MINUIT user guide, F.James and M.Ross, CERN program library D506, December, 1989 [6] DISPLA Y, B. Gabioud, H.L.Videau, M.A.Garnjost, W.Ko ellner, E.W ang, T.T ak ahashi, H.Y amamoto, R.Avery , Group A Physics Programming Note P-269, TPC Note No. TPC-LBL-80-37 [7] DISPLA Y45, A. Sirahashi, T. T ak ahashi and R. Itoh Dept. of Physics, Univ. of T oky o and KEK, 1993 (miranda:)/utk/lib/do c/display45.ps [8] PEP-4 Command Interpreter, B.Gaioud, Group A Physics Programming Note P-278, TPC Note No. TPC-LBL-82-15 [9] CF OR TRAN 2.2 : Interfacing C and FOR TRAN, Burkhard Burow, U. of T oron to, 1991 in a text �le cfortran.do c, av ailable via anonymous ftp at zebra.desy .de (131.169.2.244). 73