OO0 IRCSO0O00O000OOOOOon
(ver.2.0)

20080 70 30
000 00 (D000oooooooo)



00

2.1
2.2

3.1
3.2
3.3

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

5.1
5.2
5.3

good

goooooboogn
I
gooooboogn

IRCSOOOOOO
goo ... ...
goooooo .
gobooobogn

O

000000 S/N © oo

O e

IRCSOOOOOOO

gooogooo .
goooooo .
gooooo ..
gooboooboogn
gooooooon
gooooboogn
goooooo .
gobooobogn
gooooo . ..

goog
gooooboogn
googooog
gooooboogn

goo

O
OOO0O0O .. s
I

I 0

© N O O

10
11
15
15
16
19
21
28

29
30
33
34

38



1 DOOO

0000000000000D00D000000000 IRCSO0D0O0000000DDOD0O00OO0
00000000000IRCSO0O000D0000000000000000O000oOOooDoOo
cChbOoOoOooooOoUooooooUoOoDooooUoUOooooooooooooooooooon
goboboooooboboooobobboooobobboooobboooooboobbooooboobo
gbooboobooboboboboboboboboboboooon

O00IRCSOODODO0OO0ODODO IRAFOODOOOOOO0O00DO0O0O0O0O0O0IRAFOOOOOO
0000000000000 0000000000000000000000 IRAFOODOOO
0000000000000 00oIRCSODO0O0UOU0OOODOODO IRAFOOOOD (DOO
ircsimgred 000 )000000000000000DO0O0O2006000000000000000
0000000000000 ODiresiimgred 1000000000 O0ODOOOOOOODOODOO
goooobogbobooobooon

gbbggbogobuoobbuoobboobooobuooobuoobbooboooboon
gooooboog

20080 70 30

ooo oo

Subaru telescope,

650 North A’ohoku Place, Hilo, HI 96720, USA
00: +1-808-934-5905, Fax: +1-808-934-5099

E-mail: minoways at subaru.naoj.org



2 JO0bOOoooooog
21 00O

001000000 00b0ob00o0ob00obo0obOo0obOo0obO0obOooDbOOobOoobOoboDooDbo
gdoooooooooooooooooobobobobobbobooooooooooooogogag
gbobooobobooboboooooooooooooooooooooooooooooo
gooboobooobooboboobobo0oboooboooboobbooboooboooo
gboboobooooooa

goboobooobooboboobboobbooobuoooboobboobboooboon
gdodoooooooooobooboobooobobbobobobbobbbbbobbobobobboboooogo
oOooOOooOooOoOobOobDOooO0obOoOoOobObDOooOO0ooObOOoDbObOO 23000000DODO
O0OHOODODDODOOOOOOODODOOOOO00000 2300000000000000000
gboooobooboboobboooboooboobbooobog

goobooboooboooboobbooboooboooboobboobboooboon
gboboobogoboobboobbooboooobuoobbooboboooboooboooboo
gbobooboobobobobobobobobobobobOobOoboOobooboooobobooon
gooooboooboobboobbooboooboobboobbooobooobooboo
gooobobooooobbooobobboooobobbooooobobobooooobLboomouo
gbbooobogoboobboobbooboooobuoobbooboooboooboobn
goboooo

000000000 0ISh(OODOODOODO0ODOUO0)00OHgCdTe(DDODODODODODODOO)0OOO
O00000000000000000000000Do0O CChbOOO 1000000000000
0000000000000 00oooooooooooogoooCecCbooooooooooo
0000000000000 0O000DRO(Direct Read Out) 00 0OOD0OOO0OOO0OOOOOOOO
goobooooboboboooobbboooobobboooobDbboooobDbooooobobo
0000000000000000000000000000D0000000 (Non-destructive
readout;NDR) 000 0000000000000 0O00D0O0OO0O0OO0O0OO0ODOOOOOO
0000000000000 (NDROODODOnOOODOODOOODOODOO 1/y/nO0000)O

00000Db0bOO0DO0D0O0DO0D0000000bO00bOO0obOoDbOOoDoDOoDOoDOoooO1bOOonOg
0000000000000 0oo0oo0ooooOoooDoooOo Lo3s0dnooon, MO4.8
goobooooooooobobobobo 1bobobobOobUb0obUobOobOobbooooo
000000COADDODODODNDONOOOD0O0NDNNO0N0ODO0D0ND0N0NODoODO000ooO
0000000l 00oo00ooooooooooooooooooooLMOOoOooooog
gooboobooobooboboobboobboobooobooboboobo

000000000000 00000O000O000O000000DO0D0O00oOUDO0O0 (A/DO
0)000000000000O000000000O0000O00O0OO0 ADUODODOOOOOO
goog



Transmittance
o
13

Wavelength [um]

01 00Oo0obOOo00oOo00obO0o0obo0o0obo00ooo0ooobOOoobooboboOobooOooon
goooooooon

108 T T T T T
L hy——_
- P A
108 GBT-+AR (\il e
0¥ "
¥ oo
1]
: [/
E 1os 2!
% 104
\‘“\ ZE.
1000
2] e
E [t ? /‘ —
£ 100 /
] e
B
0 EAS
E I I 1 [y 1 1 1
.% DeE OB 1 2 4 B B 10 20
& Wavelenglh (wm)

02 0000000000000 000000000000000000OHDOOH O0O0OAERD
00000 ~23KMGBTOO OO 0o oo 273KZSL:.O o ooooooooooogg
0000ZE:OODOO0OOO0ODOO00ODO0O000O00DO0 D0DoOOoooOOooDoooDo
000 00000OURIOWttp: //www.kusastro.kyoto-u.ac.jp/ iwamuro/LECTURE/OBS /[T

1 3 A nondestructive readout
2 4 =
w1
03 00000000 000oo0oooooon ,/
Oo00o000oO00obO0o0obo0oooboOooboOoono |

Time

000000D0O0ooOoOoS/NOoooooooo
gooboobooboooobobbooooboboboooo
gooboboobbooobbboooobbooo
gobooobooobobobooboobo boboboo
goooooboboooooboom

04 OJ0OOOCOCQCOOQOOOCOCNDRO
UbnO0b0O000O0DODOODOOOOODO
b n0b000b0O0OD0ODODOO



22 JO0OO0O0OODOOOOODOOOOS/N
gobooobogoboobooboobooobooobooboboooog

O00000000D00SKY [counts pixel ~! sec™]
00000000DARK [counts pixel ™! sec™]
00000000R [electron pixel 7! /read]
00000000000 OBJ [counts/sec]

00 rpixel] 00D0D000D0D00O0 OBJ [counts/sec] 00000000 ¢[sec] 00000000
S/NOOOOUOOOoOOoOooo

OBJ xtxg
V/(OBJ + (SKY + DARK) x mr2) x g x t + nr2R2

S/N =

O0000Og [electrons/ADU] 0 01ADU O DO0O0OOO0OOODOOO0DOOODOOODOOODOOOOO
goo

bobbooooboboadobbooodobbooodoooooad /0 SKY OO0
00000000o00oO0o0S/NOOOOOO0 1/200000000000000000000
00o00D0D0doo0ooO0ooO0odbOoOoJodooooUooOooOooDoOooooooOooDoooo
0000000000000 0000000000000000000000O0OS/NOOoDOooOO
gobogo

3 IRCSOOO0OOO
3.1 000

IRCSO Infrared Camera and Spectrograph0 00 0 0000000000000 OO0OO0O
gooooooboobobobbbobbbbbbbbbbhboooooooooooooogogag
0001000000000000000000000OCO0O0O0IRCSO0O0O0OO0DON.9-5um
000000 1024%x1024 O Aladdin IIT array OO0 InSbOOO0O0OO00O0OO0ODOOOOOOO
0000000.02300/00000000000000.05800/00000000000000
ObooboOoD 23x23000001xl10000oooooooooooboobooboobuobobonDo
2JHK KL MO000000000000000000000000000000000

IRCSODO200,0 70000000000DODDOOODOOO0O0O0O0O0OOODOOOOOOOO
goobooooobobboooobobboooobobooooooobbooobbboooooo
00000000000O000000o0.02000,/000000.05200/00000000000
000000000000000000000000000000O0O0000 IRCSOO00000
O http://www.naoj.org/Observing/Instruments/IRCS /parameters.html 0000000000

IRCSOOODDODO0O0OO0OO0OO00U00000000o0oooooPA=0° 0000000000
00000 OooDooOoo00d0ooooooooooIRCSOODOODDOOODOOOOOOoOooon
goooobooobooboboobobooboooboooboobbooboooboooo
gooooboooboobboobbooboooboobboobbooobooobooonoo
gboboobogobogobboobbooboooobuoobboobboooboooboooboo
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(1998, AJ, 116, 2475) 0 0000000000000
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0000000000000 ¢t000000000DO000D (xy)DODODODDODODOOODOOOO
RAW (z,y,t) 00 000000000000 OOOOOOOO

RAW (z,y,t) = f(z,y){OBJ(z,y,t) + SKY (x,y,t)} + DARK (x,y)

00000BJ(z,y) 00000000000 DARK(2z,y) 00000000 (000)0 f(z,y,t)
0000000000SKY (z,y,4)0000000000000000000000000000
000OBJO SKY 0ODODOODO0O0OO0OO0O0O0O0D0O0000000000O00000000000
00000000000000000000000000000000 SKY 000000000
0000000000000000000000IRCSO000000000000000000O
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000000000000 0Osamplel.tar.gzO0 0000000000 Osamplel.tar.gz 0000
00000000000000000000000samplel/ 000000000 IRCA*fits O
gboooooobooobooo

$cd [DODODODODODOOOOO]
$ tar xvzf samplel.tar.gz

$ 1s samplel

42 000O0ODOOO

00000000000 IRAFOOOOOO00O0O0O00000000000000000000
O0OOIRAFOOOOOOOOO0ODODOO0OO0O0OOO0O0O0OO0O0O0OIRAF ver. 21400000
0D000000OoOoOooo*o

O00DO0ODIRCSOOOO0OOO IRAFOOOOO (iresiimgred) 0000000000000
O0D0DC0IRAFOODOODOO0OOODOOO” iresdimgredimmddyy].tar.gz” 000000000
000007 setupdres.pl” OO0 perl 00000000 DOOOOODOODOOOCOODOOODOO
Oircs_imgred/clscript0 0 D00 O0OOO0O0OOIRAFOOOO0OOOOODDO login.cl O IRCSOO
gbbogbooobog

$ cd [DOODOOOODODOODO]

$ tar xvzf ircs_imgred[mmddyy].tar.gz

$ In -s ircs_imgred[mmddyy] ircs_imgred

$ cd ircs_imgred

$ perl setup_ircs.pl

-- creating a new uparm directory

Terminal types: xgterm,xterm,gterm,vt640,vt100,etc.

Enter terminal type: A new LOGIN.CL file has been created in the current directory.
You may wish to review and edit this file to change the defaults.

Done

O0O0IRAFODOOOOOO loginclOOODOODODO iresimgred 000000000000
goo

$ cd ircs_imgred --- login.clO0OO0O0OO0O0DODOCODO
$ cl
cl>cd [OO0OOO0OOOOODODO]

O00Ofits0 000000000000 000D0O000D00OOdsYD000Oo0oOoooooog
O0OOIRAFOOOOODOOOUOOOOOO0OO0OOO00O0O0O0 ds9 &OO00O000OO0OOOO
O0D00IRAFOOO0OO0OO0OD0OO xgterm 00 0!ds9 &U OO0 00000000 OOOODOOO
0*“0000000000ds9000000oooooooo

*¥JRAFOODU0O0OO000D00000D00O000000000000000O0DOoooooooog
*JRAFOO0DO0OODO0OODOO0O0OOO UNIXODOODOOOOODOODO0OO0DO0O0O00O0O0! 000000000
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O00O0O0OO0O0OIRAFOOOOO xgterm OO0 O0O00OO
cl>
O0000OO0IRAFOOOOOOODOOOOOOOODOOOO
$

goooobooo
OO00000000DoOOD perlO00O0OO0OOO0OOOOOOOOOODOOODOODOODOOO
00000000 perl 0000000000000 0OODDOOOOOOOOOOODODOODOO

# bash00O0O --- “/.bashrc 0 ~/.bash_profiled00 000000
export PATH=$PATH: [ircs_imgred 000000000000 full path]/plscript
# tcshOO0O --- “/.cshrcJOOOOODOO

set path ([ircs_imgred 000000000000 full path]l/plscript $path)

OO0 perl00000000SExtractor 0000000000000 (Bertin & Arnouts 1996,
A&AS, 117,393) 0000000000000 OOODO0O0OO0O0OOOOOOODOOODOOO
0000000000000 Ohttp://terapix.iap.fr/rubrique.php?id rubrique=91/ O 0O 0O OO
ooooooono

43 000O0O0OO

goobooooboobooboobobobobobobobobobobobobobobOobDo
gooooboooboobboobbooboooboooboboobboooboooboooboo
gooboobogoboobboobbooboooobooobbooboooboooboooboo
00000000fts0000000D0000000000D00O000000 imhead 0000
ooooobooooboooo

cl> imhead raw/IRCA00091688.fits 1+ | page
raw/IRCA00091688.fits[1024,1024] [int]: SDF

No bad pixels, min=0., max=0. (old)

Line storage mode, physdim [1024,1024], length of user area 7412 s.u.
Created Tue 00:00:00 01-Jan-1980, Last modified Tue 00:00:00 01-Jan-1980
Pixel file "raw/IRCA00091688.fits" [ok]

FRAME-ID= / Frame Id
I_ARCH = 0 / ARCHIVED? 0:No 1:Yes
I_HDRVER= 1.22 / IRCS HEADER VERSION

gooodbl0obobo0obO0o0oOo0o0oOo0o0oooOooOooodooDoboboOoboooboooDoo
000000000000000000000hselect000 IRAFOOOOOOOOOO

00000U00OedO lsO00000O0O0O0OUOOIDOOUOOOOO

11



cl> hselect samplel/IRCA*.fits > file_header.lst
fields to be extracted: $I,title,EXP1TIME,COADDS,NDR,FILTERO2,I_MDFMST,I_DTHPOS

boolean expression governing selection: yes

OO0000000dOd0fileheaderlst00 000000000000 OO0O0OOO0OOOOOOOOO
0 ($)0D000000D0 (title)JO OO0 (EXPITIME)*®0COADD 000 (COADDS)O OO
0000000 (NDR)ODOOODOO (FILTER02)*000000000 (IIMDFMST)000OO
0000 (ILDTHPOS)DOODOUOODODOODOODOOODODOODODOOO IRCSODOUODOODO
000000000000 000000000000000000000000A0 'file_header.lIst’
000100000000 fitsO0DO0OO0OO000hselect 0000 0O fields to be extracted’ 0 0O
doooooooooobon

0o0odooooooobobobobobobobbbooobbodddddoooooooooooooo
goooooooobobobobobobbbobobbdddoooooooooooooobooboooooog
ggoooooooobobooboobobootboddoooooooobobobobobooboobooo
goodaaad

O0000000000000’SDFO00000’P330-E 000000000000 OO0OQgg
ggooooooobobobobobbboobbbdddddooooooooooo oo

raw/IRCA00091688.fits  SDF 120.0000 1 8 K 58MAS 1
raw/IRCA00091860.fits P330-E  3.0000 1 11 K  58MAS 1

00000000000 10000001200000 COADD=1,NDR=SOOOOOO30000O
COADD=1,NDR=11000000000000000000 30000000000000K
O000mas0 0000000000000 100000000000D00D00D00O0D00O000O0
goobobooobbboooobbboooobobboooobobobbooobLbbooon
gbobooobogooboobbog grep0d0bogooboobobooobooobOoOon

$ grep SDF file_header.lst | awk ’{print $1}’ > object_raw.lst

goobooboooboooboobbooboooboooboobboobboooboon
gdooooooooooooobobbbbbbbbbboooooooooooooogogg
gboooobOoobo™moboooboobooboobooboobooboooboobooboooon
goooobooobooboboobbooboooboobboobbooboooboobo
00000000000000000000000000004000ADUDOOOOOOOOO0
000000000000 0imexam OO0 00000000 00O0ds9000000O0O0O0OOO
000Z70000000000000000 xgterm 00000000000 0'mM 000000
00000000000000000000000000000D00raw/IRCA00091689.fits O
imexam 00000 ds9 000000000 (500,280) 000'm" 00000000000

00000000000 EXPITIME O EXPTIME 000000 0EXPTIME=EXP1ITIMEXxCOADDS O
goooooo

*IRCSOO00DO0OO0D00O00 30000000JHKLMOOOO0O0O000O000000 2000000000
O0O0OOFILTERO200O0O0OO0OOO0OOODOO0O0OO00ODO0OO0O0z000000000 10300000000
00000000000000000000 FILTEROL, FILTERO3OOOOOOOOOOOOO

12



# SECTION NPIX MEAN MEDIAN  STDDEV MIN MAX
[503:507,278:282] 256 35261. 35308. 576. 34176. 36276.

000000 353080 00000000IRCSOOOOOOODO (NDR)ODOODOODOODODODOO
0000000000000000000001000000000000000000 COADD
0000000000000 00000000000000000o0Dooooo0oooOg COADD
OO0 1IONDROO 80000000 D80UOO0ODOOUDOOUD 4400ADUDDOUODOOO
gbooboobogoboobbuoobbooboooobuoobbooboboooboooboobo
0000000 o0O0O0O000000000o0ooO00000oooooDoOoOOO0O0O00Ogg imstat
gobooboooonooon

cl> imstat Qobject_raw.lst fields=image,midpt nclip=50 usigma=3 lsigma=3

0000000000000 000000000000000000000000000000
000000000000 0000000000000000000000000000MM 00
O0O0O0IRCSOO0O0OO0OOOO0O0OOOO00O0OOONON0NONONOONON0NONONONON0Noonond
1000000000000 2000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000000000 0000000000000000000000000000000
0000000S/NOOOOOOO000000000000000000000000

0000000000000 000000000000000000000020000000
0000000000000 0000000001000000000000000010900
00000000001-2, 23, ...,899-1,1/2,2/3,..,8/9,9/10 0000000000000
0000000000000 0000000000000000000000000000000
ODIRCSOOOD0O0000 frcheck 0000000000000 0000000000000
00ds99000000000000000000000000000000

cl> frcheck object_raw.lst mklist=yes calc=subtract

ds9 00000 (cale=divide 00000000 O0)00000000O00DO0ODOOODOOOO
“IRCA00091688-IRCA00091689.fits” OO0 DD 000000 ODO0OOOOOODDO IRCA00091688
0 IRCA00091689 0000 (D0UOUD)000000O0O0DOD0OD0OD0OODOOUOUOO IRAF
0O imexemO0OOOOO0O000O0D0D0OO0Ods9 00’ 000000O0OOOCOOOOO0OO
0000000000000 0D0’'¢0000ds9 00 IRAFOODODOOODOODOO0OOOOOoODo
O000000000o0ooooo0ooo0o0o000ooooooooooooonddoooooo
goooooooboOoooooboovibobbooooooobobooood

samplel/IRCA00091688.fits
samplel/IRCA00091689.fits
samplel/IRCA00091690.fits
samplel/IRCA00091691.fits
samplel/IRCA00091692.fits
gogdd...
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0000wq' 000000000000 0000D0D0D00000000000OoDoDOoOo0O0O0O0OO
00000Doo0o000oooooD-p 0000000000000 000O object_raw.lst-b’
gbobobooooo@mooooooboobobobooooobooboboooobDooooooDo
000000oo00oo-pyo00o0o0o0o0oo0oo0o0o0o0oooooooooIRCA00091688,
IRCAOO091760 00 0000000000000 ODOO0OO0DUOOOOODODULDOOOOOO
gogbboooboooboobboobboobooobuooboboobbooboooboon
gooogoogooooooonog

() 0000000 COOOOOOOOOO (b) DOODOOODODODOOOOD
09 DOOoOoOoOoOooUoooooooooo

pooooooboooooooooboboooobo9gpooooobboboboOoooooOobobooooon
gooooobooboooooboooooooooooooo0 1obobobobobobobobo
O000000o0ooDOoUooOoo (IDTHPOS)OOOOUOOODODOUOODOOOODOUODOOO
O0Oires.imgred 00000000 mksubset 00 0000000000000 OODOOOODO
goboooobooon

cl> mksubset object_raw.lst-b object_raw

0000000000000 00000000D0 objectraw[01-10].1st DO D 100000000
ooooo

OOOOobjectraw01l.lst 00 0000000000900 fits0O0ODO0OO0O0O0O0O0O0O0OO
Oo000000ooooOon0ods900ooooooo

cl> !ds9 &

cl> imexam Qobject_rawOl.lst

00000000 000oDoo0dOds9y 00’ 000000000 0oooogoo’p o0
gooboobooobooobooooooob9bobooooooboobbooboYoboooDooD
gobooooboooooboooooo
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44 O00O0O0O0OODOOO

000000000000 0000000000000D00COADDOONDRODO 10000
goobooobooboobobob0obO0bUobUobUu 1obobobUobobuoboboo
goooobogoboobooon

1. 0000000000000 O0O0ONDROOODOCOO0ODOOODODOOO 1200 ONDR=80O
gbobooboogoboobboobobooobg

$ grep DARK file_header.lst | awk ’{if($3==120 && $5==8) print $1}’
> object_dark.1lst

2. 0000000000DO00O00DOODODDODO0O0ODODO0ODODO0DOUODODbDOOODDbDOOn
00000000000000 (DO00D00O0U00000DO00O0O0oDUoOO)DoOoO
000000000 frcheckOODODODOO0OOOODOOOOO

cl> frcheck object_dark.lst mklist=yes calc=subtract

3. 00000000 (objectdark.Ist-b) 000000000 OD0O0DOOODOOOOOOOOO
000000000o0o0ooooooO0oO0000O0OO0O0O0ooOoOooOooOOO000000O
0000000D000000000 (zeroing) 00000000 OL3c 00O OOOOO
000000000 (clipping) 00000000000 OOmkdark 000 ircs_imgred
O0ooOooooooon

cl> mkdark @object_dark.lst-b object_dark.fits

0000000000000 00ooooo00oooooooooooooogIRCSOOOn
gdooooooooooooooobbobbbbbboooooooooooooogogg
gbobooboobobobobobobobobobobobobOobooooboooobooon
gbooooboooboobobooboboobooobuoobobooobo

45 O0O0OO0ODODOOOODOOOO

gooboobooobooboboobboobbooboooboobboobbooboon
goooobogooboobboobboobooobooboboobbooboooboobo
goooo0ob 10oo0oboo00obDoO0bO00oboUObOC0 1ogbOo0oU0obboboooobobo 10O
gboobooboobobobobobobobobobobobOoboboOoboOobooooboboon
goobooboooonooon

IRCSOO0O0O0OOODO0O0OD (C0O0)00D0D0D0DU0D0DU0DL0DDDODODODO0OO0OODODODOOOO
(00000 O0Oo0)Doo0o00D00oO0O00000DOU0O0O0DOO0ODO0O0O0O0OUDDO (OO
000000000000)00000000DLO000O0DO0ODO0DO0O0OD0OD (ON)DOODo
O00000000000000000000000000000000Do0ooooONDOOoODOoO
00000000000000000 (OFF) 000000OFFOODOODOODODODODODO
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O00000000000ON-OFF 000000000 0D0ODDO0ODOO00000OooooooO
gobooboooboooboboobboobobooog

1.’ fileheader.st 0000000000000 O0OOOOOOOODOOOOOOOOOO0O
0 ON,OFF00000000 “IMAGEKp.ON” 0” IMAGE Kp OFF’ 0000000
Oo000oo000ooO

$ grep IMAGE_Kp_ON file_header.lst | awk ’{print $1}’ > calflat_on.lst
$ grep IMAGE_Kp_OFF file_header.lst | awk ’{print $1}’ > calflat_off.lst

2. ON,OFF 00000000000000000000000000000000000
(0000D000000IRCA00091869, IRCA00091869 00000 )0

cl> frcheck calflat_on.lst mklist=yes calc=subtract
cl> frcheck calflat_off.lst mklist=yes calc=subtract

3. OFFO0000000000000D0D000000O0OONOOOODDOODOOOON-OFF
000000000000 0D00O00ON-OFFO0OO0O00O0OO0O0OO00OOoooooooo
go0o0ooooobo0ooooobobooO0o 1bobo0o0obDoUbDooUoDbDooboOoo
O000000000OiIres-imgred 0 mkecallat 000 0000000000000

cl> mkcalflat Q@calflat_on.lst-b @calflat_off.lst-b calflat.fits mask=none

46 U0O0OOODOODODOOOO

O0o0000ooooooooooocCcbooooooooooooooDooooooDooOoo
Oo0oOooooOoo 200000000

e DUUODDOOODLODOO
e OIIODDOOODDOOODDOODO

goooobooobooboboobbooboooboooboobbooobooobooboo
O0OOO0IRAFD fixpix 00 0000000000000 O000O0OOO0O0OOO0OOODOO0
gbooboobogoboobboobobooboooobooobbooboooboooboooboo
gooooobooboOoooo ibgoooboooooooDboobooobooboUoDboboO
gooooboooboobboobbooboooboooboobbooobooobooboo
goooobogooboobboobbooboooboooboboobbooboooboobo
000000000 00oooooooooo IRCSO0D00oooooooooooooooo
goo
gooboobooobooboboobboobboooboooboobboobboooboon
00000000000000000000000000000D00D000OU0OUOO0OD)0O00OO
000000000000000000000000000000000000002500ADU O
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gooooboooboobboobbooboooboooboboobboooboooboooboo
0000000 (0)000000O00O00000O0DO0DO00O00O0O0OO0DO0DOOoOooOOo
goo3b000O0OooOoOobOoOoOoOoOooOooOoOoboOobOoOoDOoOoboOobOOobDOoooboOoooO
g0oo00o0bo0o0o0o0obO0obO0obOOobOOobOOobOO0 l1bODobO0oobOOobOOobDOooDOooDooboboOoObOo
0000000000000 00000000000O00000A0Oi ircs-imgred 0 mkbpmask 0
gboooobogooboobog

cl> mkbpmask object_dark.fits calflat.fits ircsimg_bpmask.fits
Showing histogram of object_dark.fits

Input threshold for high dark current pix mask:

2500

Showing histogram of calflat.fits

Input threshold for low sensitivity pix mask:

0.3

gooooboobboobboooboooboobo

010 DO00O0O0O0O0OO00ODOOoOobDooboo 011 O0O0OO0oO0oDbOOoOobOoobooooboo
000000000000000 (ADU)0ODO gobobooboooobuooobooobooo
gobooooooooooobooooboooo gooooogo

461 DOOOOOODOO
gobobobooooobbooooboboboooobobobbooooobobboooobobbooo
gooooobbobobobobbobobbobobobbooboobbobboboo00000000ooUgUgg o
gbooboobogoboobboobobooboooobooobbooboooboooboooboo
gbboogbogobuoobbuodbbooboooobuoobboobooobooooboobn
gooooboooboobboobbooboooboooboobboooboooboobo
gbooboobogoboobboobbooboooobooobboobboooboooboooboo
0000000000000 00000000000S/NOoODoODoOoooooooUoUoUOo
oo0ooobooooboooobooooo
gooboobooobooboboobboobbooobuoooboobboobboooboon
gooboobogoboobbuoobbooboooobuooobbooboooboooboooboo
gbooboobogoboobboobbooboooobuoobbooboooboooboobn
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012 IRCSOOOO0O0O00O0OOOOO00OUOOOO0O0O0OUDOODOO0O0OOOO

goboobooobooboboobboobooboboobobooboooboOoo
gogbobooboooboooboooboboo

1. 000000000000000000000000000000000000

2. 00000000000000000000000000000000000000000
0DOooo0oo0oo0o0

3. 00000000000000000000000000

4. 0000000000000000000000000 (000000000000000
0o)o

5. 00000000000000000000000000000000000000 (0
00o)o

6. 00000000000000000000000000000000000000000
0000000000000

7. 00000000000000000000000000000000000000000
00000

00000Oiresdimgred 0 mkskyflat 000000000

# 00000000DOOOCOOOO00OO0OoOooooOCooOd
$ mkdir objmask
$ sed -e "s/samplel/objmask/" object_raw.lst-b > object_mask.lst
cl> epar mkskyflat
IRAF
Image Reduction and Analysis Facility

PACKAGE

TASK

ircs_imgred

mkskyflat

18



objlist @object_raw.lst-b List of raw object frames with Gmark

output = object_skyflat.fits Output sky flat frame

masklist= Q@object_mask.lst Output object mask list with @mark
(bpmask = yes) Fix bad pixels?

(bpfile = ircsimg_bpmask.fits) Name of bad pixel mask frame
(iternum= 50) Number of clipping iterations
(nclip = 3) N-sigma rejection limit

(conv = block 3 3) Convolution kernel (objmask)

(hsig = 2.) Sigma threshold above sky (objmask)
(1sig = 10) Sigma threshold below sky (objmask)
(minpixe= 50) Minimum number of pixels in detected objects(obj
(listl = )

(list2 = )

(mode = ql)

# :g OO0

mkskyflat 00 000000000000 noaod nproto 000000 O0OODOOOODO
objmask 0000000000000 D0OOO0OUOODOUOOLUOODOOOD (DDOOO
O conv=block 3 3) O convolution 00 0000000000000 0OOOOOOOOOODOOD
Ooo0oo0ooOoooooooOoOoooooob0 1oooooo oooooooooooooogo
000000000 2000000000580 00000000000000O0D000O0DG0OO
000000ooo0o0o0o00oooooO0o0ooOooooOoOO0o0oOooooooOoOoooOoOoooo
O00000000000D0000O0O000000Oires-imgred 0 check_objmask 000000
ooo

cl> check_objmask object_raw.lst-b object_mask.lst
add samplel/IRCA00091689.fits,objmask = objmask/IRCA00091689.fits[pl]
samplel/IRCA00091689.fits updated

### samplel/IRCA00091689.fits with object mask objmask/IRCA00091689.fits
### Press [return]

z1=30784.63 z2=39642.23
z1=30784.63 z2=39642.23

47 ODOOOOOO

gooboobooobooboboobboobbooobuoooboobboobboooboon
0000000000000 0ooooooooooooooolIRCSO00ooooooogo
gbbooobogoboobboobbooboooobuoobbooboooboooboobn
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013 000oOo0oooUoooooooooodooodooooooogooooooo
objmasks 10 0000000000000 O0OOOOOOOO

gobooooboobooobuoobbo0ob pobbbOo0obOo0ooDbOoOobOoOobDbOoon
gobooboooboooboobboobbooboooboooboobbooboooboon
0000000000000 00O00000O000 (DOD0o0D0O0OUOO0)0D00DoOOoUoOoOOo
goobogoogobogoboobooboobooboobooboooooooooooooooooooooon
gooooboobOoooooooooobobobUobobOobUobOobogo osObObOOO
goboboooboooboobboobboobooobuoooboobbooboooboon
gogbboooboooboobboobboobooobuooboboobbooboooboon
gbobogobgobobobobobgoboobooboboooooooooooooooooooon
gobooooboooboobboobboobbooobooboboobboobboooboon
gL bbb DD O
gobobogoooobooboobooboobooooboooooooooooooooooooooon
goobooooo

gobooooboooboboobbooboobbooboboobuoooboobboooboon
googgdgoooooooooooobobooobobobbbobbbobobooboobobbbbobbbon
gooogobogbogoboobogooboobooboobooboooooooooooooooooooooon
goboboooboooboobboobboobbooboooboobDboobboooboon
gogboboooboooboobboobboobooobooooboon

gooogoboobooooooooooooooooooobooooboooobobobobon
00000000000Oo0oO0O0D COADDS, NDROOOUOODODOOODODODOODOODOODOO
ggoooboooobobobooobbboooboboobooooobooboboooobboooooboo
00000Oires.imgred 0 flatfield 0000000000 OOO

# Jdddddooooooooobobobobobobobboboobooooda
$ mkdir ff
$ sed -e "s/samplel/ff/" object_raw.lst-b > object_ff.lst
cl> epar flatfield
IRAF

20



Image Reduction and Analysis Facility

PACKAGE = ircs_imgred
TASK = flatfield
rawlist = Q@object_raw.lst-b Input raw data list with Gmark
outlist = @object_ff.lst Output data list with Omark
flatimg = object_skyflat.fits Flat image name
(subdark= no) Subtract dark frame?
(darkimg= ) Dark frame normalized by COADDS*NDR
(bpfix = yes) Fix badpixel?
(bpmask = ircsimg_bpmask.fits) Badpixel mask
(listl = )
(1ist2 = )
(1ist3 = )
(mode = ql)
# g

() DOOOODOOOOODO (b DODDODODODOOOOOD
014 000000000000 000000000000000000000000000O
gooooobooobooboooboooobooboobobooboo0oooooobbooobooboOoooo
ooo

48 0O00O0O0OOO0ODOODOODOODOODOOD

goboooobooboboobbooboobboobbooboooboobbooboon
gobooboooboooboobboobbooboooboooboobbooboooboon
goooooooooooooooooooOob0 logoboooooUopbDboOobboUooDboboOobo
gboobogobgobobobobooboobobooboboooooooooooooooooooon
0000000000000 00000 S/NODODODOoOooooooooIRCSOOOoOooooO
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obooOosb090b00booboboboobDoobolboboobDooboobobobOoobOoo
gboboboobogoboobboobobooboooobuoobbooboooboooboobo
gbobooboobobobobobobobobobobobOobOoboOobooboooobobooon
goooobooobooboboobbooboooboooboboobboooboooboOoboo
gooboobogoboobbuoobboobooooboobbooboooboooboooboo
gbbooobogoboobboobbooboooobuoobbooboooboooboobn
ooooooobobobbbbobobbibodDUUU OO
goo

gobogobogoobogoboobboobooobuoooboobbooboooboon
gbboogbogobuoobbuodbobooboooobuobbooboooboooboboobn
gobooboooobooon

1. 000000000000 000DOO00DODOO0o0O0O00O0DDbOO00ODDbOO0o0oOoOoOoOooDoOOn
Jooooooooobobobobobobobobobbobtbodddooooooooooo oo
ggooobbooooooooobbbooooooobobbo b oo oogLobobo
ircs_iimgred 00 maskskysub 0000000000000

# 0000000000000 0O0O0O0O0OO000O0OOOODO0O00Oon
$ sed -e "s/ff/sstmp/" object_ff.lst > object_sstmp.lst

$ mkdir sstmp

cl> epar maskskysub

Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = maskskysub
fflist = Q@object_ff.lst List of flat fielded frames with O@mark
sslist = Qobject_sstmp.lst List of sky subtracted frames with @mark
masklist= Q@object_mask.lst List of object mask with @mark
(ndthpos= 9) Number of dithering position
(iteranu= 50) Max iteration number for statistic
(nsigma = 3) Sigma rejection limit
(listl = )
(1ist2 = )
(1ist3 = )
(mode = ql)
#:g UODO

2. 000000D0000O0O0O0DbODOoO0O0ODOCOO0OOOODODOCOOODbOODODOn
0000000000000 bobob0ob0obUobOobOob 1OobDbobDOobDOoDOoDOg
0000000000 (D0OO0DO0OIRCA00091697 000 00000O0OO)ODOODOOO
goboobooobuoobbooboooboobboobooobooobobooboo
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015 00000000000000OooOO0O00000000000O0O0O0O0O0OO0OOOO0
oboooooooooocoogoo

000000000000 Oiresdmgred O caleshift 00 0 0000000000000
goobooboooboobbooboooboobbooboooboobobooboo
goboobooobuoobbooboooboobboobooobooobobooboo
gboobooboobooboboboboboboboboboboboboboboboooDo
0000000000000 (0 2)00000000000D0O00LO00DOo0DOoo0oO
10000000000000 4 arcsec x 4 arcsec (O 70pix x 70pix) 0D 00000
OO00000DOCOOO0O0O0D 1500 100pixx100pix 00 O0OOOCOODOODO

cl> epar calcshift
IRAF

Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = calcshift
objlist = Qobject_sstmp.lst List of input images with Gmark
output = object_offset.dat Name of output offset data

(referen= sstmp/IRCA00091697.fits ) Reference image

(region = [144:243,441:540]) Image region for cross-correlation

(crmargi= 0) Margin to strip down (crossdriz)

(crtaper= 1) Edge region to taper (crossdriz)

(crboxsi= 100.) Box size where to search for peak (shiftfind)
(mode = ql)

. 0d0oooooooooobooboobouoooooooooooooooboooooobooo
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gbooboobooboobooooooooooooo oooOoooUooooUoooooooDg
0000000000000 0000000R0 ires-imgred 0 imshiftcomb 000000
gbooboooobobooboboboboboboboboboboboboboOooDoo

cl> epar imshiftcomb
IRAF

Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = imshiftcomb
input = @object_sstmp.lst List of input images with G@mark
output = tmp_objcombine.fits Output combined image
offset = object_offset.dat Input image offsets
(expw = no) Create exposure map?
(expmap = ) Name of exposure map
(imgsize= 15636) Print image size
(listl = )
(list2 = )
(mode = ql)
#:¢ OO0OO

0000000001024x1024000000000000 (imgsizeOO0O)000000ODO
IRAF O imshift 00 0000000000000000O00O0000000O0O0O0O0O0
O0000000Imgsize 000000000CO00O0OO0O0OOOO0OODOOOOOOOOOO
Ooooogoooooooo
.0000000000000000000000000DO0DD00O0D0OUDOO (ODODO
000000)0000000000000O00000O00O00000O0OO00O0OO00O
000000ooooooooo0oUoooooooooO0oooooooooo
000000000 0Oobjaperture.pl000 perl 000000000000

$ objaperture.pl tmp_objcombine.fits obj_aperture.dat

000000000SExtractor 1000 0000000000000000000000
00000000000000000000000000000000000000000
0000000000000 resimgred D showap 00 000000000000000
(0 400)0

cl> showap tmp_objcombine.fits obj_aperture.dat

objaperture.pl 10000000 OOOOOobjeaperture plsex 0000000000
goooobobooobboooobooobbooobooobooobooobooooo
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0 16 objaperture.pl00000000000000D00O0O0DOODOOOOOODOO

0000000 SExtractor 00 0000000000000 O0OO0OOOOOOOODOO
000000 objeaperture.pl 000 0000000000000 O0O0O0O0O

$ objaperture.pl tmp_objcombine.fits obj_aperture.dat -c objeaperture_pl.sex

00 Oshift_aperture.pl 00 0000000000000 000O0O0O0OO0OOOOOO
goobooboooboobbooboooboobobooboooboobobooboo
00000000 (offset.dat) DO0DOOOODOODO

$ mkdir objarea
$ sed -e "s/ff/objarea/" -e "s/fits/dat/" object_ff.lst > object_area.lst
$ shift_aperture.pl obj_aperture.dat object_offset.dat object_area.lst

.goodoboboooooooboooboooooooobooobobo0oooooobboOobooboOooonn
000000000000 iresdimgred O eraseobj0 000000000000

# JooooooooooboboboooooooooboboOoooooooDoDOobon
ooooooooooo
$ mkdir ff-obj
$ sed -e "s/ff/ff-obj/" object_ff.lst > object_ff-obj.lst
cl> epar eraseobje
IRAF
Image Reduction and Analysis Facility

PACKAGE

TASK = eraseobj

ircs_imgred
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inlist = @object_ff.1lst Input file list name with @mark

masklist= Qobject_area.lst Mask coordinate data file list with Omark
outlist = Q@object_ff-obj.lst Output file list name with @mark
(minsize= 1) Minimum mask aperute size

(listl = )

(list2 = )

(1ist3 = )

(listd = )

(mode = ql)

# g0 Q00O

.gooooobobobobobobboobbddddoooooooooooobooooooo
dooooooooobobobbobboobobobbbtbodddooooooooo b
0000000000000 00000000000d0A0Oires.imgred O eraseskysub [
ooooooooooon

# J0000000DOO0O0OO00obObOoOooboooboOoobooOoo
$ sed -e "s/ff/ss/" object_ff.lst > object_ss.lst
$ mkdir ss
cl> epar eraseskysub
IRAF
Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = eraseskysub

fflst = @object_ff.1lst Flat fielded image list name with G@mark
ffobjlst=  Qobject_ff-obj.lst 0Object subtracted ff image list name with Omark

sslst = Q@object_ss.lst Sky subtracted image list name with O@mark
(ndthpos= 9) Number of dithering position

(iteranu= 50) Max iteration number for statistic
(nsigma = 3) Sigma rejection limit

(listl = )

(1list2 = )

(1ist3 = )

(mode = ql)

# g0

.0000000000000000000 (D0D0DO0OO0 1000000)0D0O0OODOO
gobobboogooboooooobobooooobooboooooobboooooboobo
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caleshift 0 000000000

cl> epar calcshift
IRAF

Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = calcshift
objlist = Qobject_ss.lst List of input images with @mark
output = object_offset_final.dat Name of output offset data

(referen= ss/IRCA00091697.fits ) Reference image

(region = [144:243,441:540]) Image region for cross-correlation

(crmargi= 0) Margin to strip down (crossdriz)

(crtaper= 1) Edge region to taper (crossdriz)

(crboxsi= 100.) Box size where to search for peak (shiftfind)
(mode = ql)

#:g O0ODOO

.00000000000000000000D00O0000D00O0O00O0ODOD (D0ODO)o
god0ooo0obobOoOoOoOoOoo oobOoUobOoOO0oOOoUbOOoUOOOoOOUbDbOObOboOooo
00000000000DoooO0000oooooDooooO0d imshiftcombOd OO0
0000000 Db000D0expw =yesUODOOOOODOOOOOODOOODODOOOO
00000000000000S/NOOOODDOOOOUOO0OO0OO0OSExtractor00000
gobodbooobooooboobobuoobboon

cl> epar imshiftcomb
IRAF

Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = imshiftcomb
input = Qobject_ss.lst List of input images with @mark
output = object_final.fits Output combined image

offset = object_offset_final.dat Input image offsets

(expw = yes) Create exposure map?
(expmap = object_expmap.fits ) Name of exposure map
(imgsize= 1536) Print image size
(listl = )

(list2 = )

(mode = ql)

#:g UODOO
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160 180 200

017 DOODO0O0O0O0DO0DO0 (0)00000000 (0)0

49 0O0OOOOO

00o00P330-E00Q0O0OO0O0ODOO0OOO0OOODODODOOOOODOOOODODOOODOOOO
goooogo

l. 0d00OoO0oocOooooooogo

$ grep P330-E file_header.lst | awk ’{print $1}’ > stdstar_raw.lst
cl> frcheck stdstar_raw.lst mklist=yes calc=subtract
# IRCAOOO91860 DD ODOODO

2. 0000000000

$ sed -e "s/samplel/objmask/" stdstar_raw.lst-b > stdstar_mask.lst

cl> unlearn mkskyflat

cl> mkskyflat.bpmask = yes

cl> mkskyflat.bpfile = "ircsimg_bpmask.fits"

cl> mkskyflat.hsig = 2

cl> mkskyflat @stdstar_raw.lst-b stdstar_skyflat.fits @stdstar_mask.lst

3. 000000

$ sed -e "s/samplel/ff/" stdstar_raw.lst-b > stdstar_ff.lst

cl> unlearn flatfield

cl> flatfield.subdark = no

cl> flatfield.bpfix = yes

cl> flatfield.bpmask = "ircsimg_bpmask.fits"

cl> flatfield @stdstar_raw.lst-b @stdstar_ff.lst stdstar_skyflat.fits

4. 00000
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$ sed -e "s/ff/ss/" stdstar_ff.lst > stdstar_ss.lst

cl> unlearn maskskysub

cl> maskskysub.ndthpos = 5

cl> maskskysub @stdstar_ff.lst @stdstar_ss.lst @stdstar_mask.lst

5. 000000000

cl> unlearn calcshift

cl> calcshift.referen = "ss/IRCA00091861.fits"
cl> calcshift.region = "[1:1024,1:1024]"

cl> calcshift.crmargin = 50

cl> calcshift.crtapersz = 50

cl> calcshift.crboxsi = 500

cl> calcshift @stdstar_ss.lst stdstar_offset.dat

6. 00000

cl> unlearn imshiftcomb

cl> imshiftcomb @stdstar_ss.lst stdstar_final.fits stdstar_offset.dat

20 40 60 80 100 120 140 160 180 200

018 000000000

5 oo

ggoobooobooooooboboooooboboboooooboooooobbooooobooboboo
ggooboobbooooobobboooobobobooobbbooooobobbooobbbooo
goooobooboooboobOooo0ooboOobboobboODbD1lebO SO0 ODODOODO
goobooboOoboobobooboobooboboobooboooooDoboooDoboDooDooD 1ooboooo
goooooodoooooodUoooo0oO0oOOoUDOOo0U0oDOOoUDbDO 100oDbogbooOooo
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gb0lbobobo0obobOobOobobOobOobDOoboOoboDOoboDoooooooooo
0000000000000000 1[ADU/sec) 00000000000 0DO0OOOIOOOOO
gbobooboobobooboboboboboobooobooon

5.1 000O0D0OODOOO

00000000 00DO0ODOOO00OO00DOO00OO00DO0OD00O0 airmass0 000000
0000000000000D00000000000O0QOOPersson et al. 1998, AJ, 116, 2475
000 P330-E00O0O0O0OOOOODOOOOODOOOOOOOOONONONOO K, O0OO*oOooOo
O0000Omg, =11429+0.006000000000000000000 [ADU/sec] OO0
gbobooboobobobobobobobobobobobOoboOobooboooooobobooon
goobogn

000000000000 0o00o0o0000 IRAFO APPHOTOOOODOOODOOOOOOO
APPHOTODOOODODOOODOODOOOODOODOOOOOODODODOOOODOOOODOOOOOO
ooobobooooooobobobboooooooobobbboooogbobbb0 ooooobooboobo
O00000000000000000000000APPHOTOOOODOOODOOODOOOOOO
gobobobooooobobbooobbbooooboobboooooobboooobbooooo
0000 APPHOTOOOOOOOOOOODOOOOOOO

radius

019 APPHOTOUOOOOODOOOOODODOOODOOOOOOODODOOODODOOODOO
0000000000000000000000 radiusO0000000000buffer0000
000000000000 widthDOODODDODOOOOODOODODDODODODOOOOO

1. 000000000 ds90000000
cl> display stdstar_final.fits 1

2. 0000000000000000D00D00D00OD0O0
e 1000000000 DODOUOUDOUDODO (centerpars)

*000000 K'O0D0O0D0000000000000000000000 KsOOOODOODODO0DO0O0O00 0.01
gbooobooooooooobooobboobooobooon
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3. 00

cl>
cl>
cl>
cl>

cl>

APPHOT OO Ointeractive 0000 00000ds9 0000000000 DOOO
0000000000000 000000 centerpars0000000O0Ocbox=500
Oooooooooboo sxsb0000000ooooobObObobOooooo

cl> unlearn centerpars

cl> centerpars.calgori = "centroid"

cl> centerpars.cbox = 5

5

5

0000000000000 0000000 (fitskypars)

fitskypars 10 0000000000000 000OC OO0 annulusd00 00 dannulus™
0000000000000 booooooooDoooon
Osalgorithm0 00 0000000000000 0O0OD00O0O0OOOOO (35pix) O
0 (1opix) 00000000000 0O0O00O0OO0O0OO0OO0ODO0OODOOOUDOUODOOO
000000000000 300000000000000000000000000
Joooooooooooobobbobobobboooobooooooooooa

cl> centerpars.cthresh

cl> centerpars.minsnra

cl> unlearn fitskypars
cl> fitskypars.salgori = "median"

35

cl> fitskypars.annulus
cl> fitskypars.dannulus = 10

0000000000000 000000 (photpars)
photpars 0 0000000000 (aperture) 0000000000 ODDODOODODO
O00000Ofitskypars 00 0000000000000 OOOOOOOOOOOO
0 (0000 30pixO00000) 000000 DO0O0O0OO0OO0OOO 3000000
cobooooboooooooboobbooooooobobooobooooobooobooboOooono
coboooobooboobooooboobboooobooobobooooooobooobooboOooonn
ooboooobooooooboobbo0ooobOooboOobooOooobboooobo0ooDo
oooooooo

cl> unlearn photpars

cl> photpars.aperture = 30

goooao

unlearn phot

phot.output = "stdstar_final_phot.dat"
phot.interac = yes

phot.radplot = yes

phot stdstar_final.fits

phot 00 00000ds90 0000000 DOOO0DOOODOOD [D0DOO|J0O0O0DOOO

g

War

std

O0O0OIRAFOOOOO0DO0OO0O00O0O0O0O000000000000000000

ning: Graphics overlay not available for display device.

star_final.fits 632.63 693.71 -0.03782 12.766 ok

31



goobooboooboobbooboooboobobooboooboobobooboo
000000000 00ooooo0oo0o0O0O0o000000U0dphet 00000 OO
ds9007q”00000C0000000D”g” 000000

(radplot) 0 yes 00000000 3000000000000000O0O0O0DOOOOODO
gobooobogobuoobbooboooboobboobooobooobooboo
gboboobogoboobboobbooboobobooboboooboooboobn

020 APPHOTOOOOUOOOOODODOOOOOOOOOOOOOOOOOOOOOOOO
gobooboboobooboobobboboo boobobooboobOoobooob
goo

phot 0000000000 0000000O0O00OOO “stdstar_final phot.dat” 0000000
gooooboooboobboobbooboooboooboobbooobooobooboo
googn

#N IMAGE XINIT YINIT ID COORDS LID
#U imagename pixels pixels ## filename ##

#F %-23s %-10.3f  %-10.3f %-6d %-23s %—-6d
#

#N XCENTER YCENTER XSHIFT YSHIFT XERR YERR CIER CERROR
#U pixels pixels pixels pixels pixels pixels ##  cerrors
#F %-14.3f %-11.3f %»-8.3f %-8.3f %-8.3f %-15.3f %-5d %-9s

#

#N MSKY STDEV SSKEW NSKY  NSREJ SIER SERROR
#U counts counts counts npix npix ##  serrors
#F /-18.7g %h-15.7¢g %h-15.7¢g %=7d  %-9d %-5d %-9s

#

#N ITIME XAIRMASS IFILTER OTIME
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#U timeunit number name timeunit \

#F %-18.7g %h-15.7g %-23s %—-23s

#

#N RAPERT  SUM AREA FLUX MAG MERR  PIER PERROR \

#U scale counts pixels counts mag mag ##  perrors \

#F %-12.2f Y-14.7g %-11.7g h-14.7g %-7.3f %-6.3f %-5d %-9s

#

tdstar_final 632.000 693.000 1 nullfile 0 \
632.628 693.709 0.627 0.709 0.044 0.044 0 NoError \
-0.03782059 1.937127 -0.3873699 2492 20 0 NoError \
1. INDEF INDEF INDEF
30.00 78170.34 2827.482  78277.28 12.766 0.004 O NoError

00000000000000000 F=78277.28 [ADU/sec) 000000 OOOODOOOODO
00000 F[ADU/sec]0 0000000 mO0D0000O00O0DO0O0O0OOO0OODOOOOOOO
000 1[ADU/sec] 000000000 OmMOO0000DOOO

mo = m + 2.5log(F)

000000000000 F=17827728 [ADU/seclUm =114290000000000000
mo=23.660000000

52 0D0OODOOODOO

0000000000000 00000O000D0ODO00O0O0 (DOO0)0DO0DO0OODOO0ODO
goodoooooooooogoboboobobobobobobbbbbbdoo0o0000UUUUUg o
0000000000000 0000000IRAFO imstat 00 0000000000000
OO0O00O0DOO00OO0DO0o0bOO0DOOO0DO0O0ObOO0DO0OOODO0OOO0bDOOD rejection 00
O00imstat 00 0000000000000 O0OOOO0OOOOOOODOOOOOOOO0O0OO
0000000000000 00000000000000000000 imstat0 000000
0000000000000 00000000000D0O000oo0O00ooOfobj0OnOOOnO
gbobooboobobobobobobobobobobobOobOoboOobooboooobobooon
goboooboooboogon

$ mkdir ss-obj

$ sed -e "s/ff/ss-obj/" object_ff.lst > object_ss-obj.lst

cl> unlearn eraseskysub

cl> eraseskysub Q@object_ff-obj.lst Qobject_ff-obj.lst Qobject_ss-obj.lst
cl> unlearn imshiftcomb

cl> imshiftcomb Q@object_ss-obj.lst object_background.fits object_offset_final.dat

O000000imstat 0000000000000 000000O0OOO0O0OO0OOimstatd0O
goooobogn

cl> unlearn imstat
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cl> imstat object_background.fits nclip=50
# IMAGE NPIX MEAN STDDEV MIN MAX
object_background.fits 1190695 0.009196 0.0163 -0.03971 0.0581

000000000000000000000000STDDEVOOOe=0.01630000000
goo

00 0000000000000O00e, 00000 S/NODOOOOUDOOODODOOOOO
gboboobogobeboobogbboobboobboooboonn

o, =0 X \/m(r/p)?

O0000p00000000O0 [aresec/pix] 00OOOODOO

oooobooboobooboboor-r000b0o0bb00o0Dbo0bOob000 o, 0D0OD0DOO
o0r020000000000D0000OCOO0DOODOOODOOOODODODOODOODObDOC
goboobogoboobboobbooboooobuooobboobboooboooboooboo
O00000o0O00o0oo0o0o0ooo00DOOo000D0OO0 RODODOODODOODOOODOOOO
0000000 op0imstat 000 0000000000000 O00OOOOOOODOOODOOO
0000 ROO0ODOOODOOO0ODOOUODOOO0ODOOODOOO0ODOOODOOOODOOOOOOOn
goodooboOoOoo0bo0b0 ROODODOOUOOUOOUODODOUOOUOOUODUOUDOUODODODOODOO
gbobooboobobobobobobobobobobobOobOoboOooobooooboooon
gbooooboobboooboooboo

?2.5 _IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
L e
() 2 L o
= C ]
215 o
2 - i
= C -
v 1r 7 =
= C o ]
= - s ]
2 05F -
ap Y b o
N S L -
S P i ]
m O TIIITIIIIlIIIIlIIII|IIII|IIII|IIII
0O 5 10 15 20 25 30 35 40

Aperture radius [pix]

021 000000000000 O00O00O0OMinowa et al. 2005, ApJ, 629, 2900000
ooooooooooO0OoOooooCocoOoO0OooooocOoOoOooD 2000000000
gooom

53 O000O0OODOOOO

o0obooo0ob00ob0obOo0oUg sebb0Ob0ObODbObDOObOUODbDODODOODO
000000000 000000000000 O000OOOO0ODOOO F(r)0encircled energyl
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00000000000000O0 S/N(r)0OoO0o0oooooooo

SIN(r) = F(r)/ (o/mr7/p?)

0000000000 mpf0S/NOOD rpe, 000000000000000 5600000
0 myu, 000000000000000

Miim = Mpsf + 2.510g(S/N (Tmaz)/5)

000000000000 (a)0D00000D000000D0O0000DODO0O00DODODO0O00
0000000000000000000 encircled energy F(r) D0OOO0O0OO0OOAPPHOT
000000000000000000000000000000000000ircs-imgred 00
OOgrowth 00000000000 0O000COO0O0COOOOO0OOOCOOOOOOOOOOOO
000000000000 000000000000O000O000000

cl> epar growth
PACKAGE = ircs_imgred
TASK = growth

in = object_final Input image file name

out = growth_objpsf.dat Output growthcurve data

(rmin = 1.) Minimum Radius of growth curve
(rmax = 15.) Maximum Radius of growth curve
(rbin = 1.) Resolution of growth curve
(salgor = median) Sky fitting algorithm

(annu = 15.) Inner Radius of sky annulus
(dannu = 5.) Width of sky annulus

(sky = 0.) Constant sky value (/pixel)
(mode = ql)

# g

O00000000ds9 0000000000000 000D000D0000000000 “a”00
OO0’ 0000000000000000000 encircled energy O ”growth_objpsf.dat” O O
ooooooooobobooobbbobobodddooooooooooooboboooooooo
ggooooooooboboboobboobobbdddoooooooooboboobooboooboooo
ggoooooooboobobobooboobobootbtddooooooooob bbb bbbooo
0oooooooooooooboboboboboooo

0000 00dencircled energy 0 0 0 00 growth_objpsf.dat0 0 0 000000000000
S/NOOOOOODOODODOO “growth-objpsf.dat” 001000000000000 [pixell0J200
O000000000000000 [ADU/sec)] 00000000 DO0O0ODO0O0ODOO0ODOOODOOO
10000000000 p=0.058 arcsec/pix 0000000 OOO2000 UT:J\/WD
000 S/NOOOoOoOoOo

$ awk ’{print ($1%0.058),($2/(0.0163*sqrt(3.1416)*$1))}’ growth_objpsf.dat
> snr_objpsf.dat
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0O (b)0DgrowthO0ODOODODOOOOOOD encircled energy 0000000000000
S/NOOOOOOODOUODUOOOO growthpsf.dat 000000000000 O0OOOO 10.2
[ADU/sec] 0000000000000 mMe=23.6600 00000000000 21.14000000
O0000O0Osnrpsf.dat 00000000 S/NOODODOOODODOODODOOODOO r=0.11600
OM0OS/NOO 6680000000000 00 5e00000MR1.14+42.510g(66.8/5) ~ 23.95
gboooobogbog

10

Encircled energy F(r)

k)
05 1

Aperture radius [arcsec]

() 00000D0D0DO0D0DO0 (b) 00O encircled energy 0 0S/N
022 0000000000000

000000000000000 50000000001 00000000000; i
[mag/arcsec?l000 0000000000000 00O00000000O000 100000
000000000000 0000000 oy 000000000000000

piim [mag/arcsec?] = mgy — 2.5108(50 1 aresec? )

0000 0ee: 100 9.70000000000000000000000000000C0O0
goboboobboooobooobboobobooob oo booobooobobooa
000000001, 0000000000000000000000O00000O00O00O00O
0000000000000O0 10000 (DO 970000)0000O0UOLOODOODOODOOD
oooooooooboboboobbobobodddooooooooooooboboooooboooo
O Oircs_imgred 0 calecnoise 00 00000000000 DOOOOOONO “object_final.fits” OO
0097000000000 0D0000D00O0O0DDO0O0DODO0O0D0DOOOOYregionODDOOO0O
000000o0o00Oo00o0o0o0o0oOoo0oOooU0oO0o0oO00ooOOo0ooOOoUoooOooooDO
O000000000000” object_expmap.fits” 000000000000 0OOOOOOOO
OUOmaxaper 0000000000000 00O0O000000OO00OO0OCOCOO0OOOOOOIRAF
O histogram OO0 0000000000000 000OODOOODOOO0O0OOODOOODOOO0O
000000000 (nhistbin, hist_z1, hist z22) 0000000 calenoise 0000000000
good

cl> epar calcnoise

IRAF
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Image Reduction and Analysis Facility

PACKAGE = ircs_imgred

TASK = calcnoise
image = object_final Image file name.
rapertur= 9.7 Aperture radius
region = [71:1025,71:1025] Image region for noise estimation
(maxaper= 500) Maximum number of apertures
(nhistbi= 30) Number of bins in histogram
(hist_zl1= INDEF) Min bin value in histogram
(hist_z2= 2.) Max bin value in histogram
(1istl = )
(list2 = )
(mode = ql)
# :g 000
### Result

#1 sigmaladu] in aperture radius 9.70[pix]
0.59

00010000000000000000000000000000000000000000
000000000000010000000000000000 0qaesecz 0 00.59 [ADU] OO
0000000000 oraesecz 00000000000000000000 im0 22.5[0/00
0O0joo0oooo

50
45 r
40 |
35 ¢
30
25 ¢
20 r
15
10 r

Number

Count
023 1000000000000000000000000O0000C00O0O0O0OOO0OOO

gobooboooboooobooobooobooobbooobboobooboboobbooo
gooobooboboooobooboboboooboboboooobooo
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6 OO0

gbbggbogobuoobbuoobboobooobuooobuoobbooboooboon
gooooboooboobboobbooboooboooboobboooboooboobo
goooobogoobooboboobboobooobooobboobboobooobooobo
gboboobooobooboboobboobooobooobooboboobo
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