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ecl> imhead *.fits

000000000 0HDSA’00000 IDODO0O00OO00OOO0ODOODOFLAT, BIAS, COMPARISON
0000000 0ooO0DOoO” HH46-47 D0 000000 OOOOOOOOCOODOOCODOODODOOOHDS
0200 cCcboooopooooooooooooooooIbO00boOoOoooooO fitssdoooooo
ooOooooopd00ooooooooooooooooooooO ccbooooooooooog
IDOOOOO0O0ODODOOobOOO

gobooogobooooobooboooooobooooboobooboboooDo

B 0000D0OO0OO0obbObOOoOoooboboouobbboooooobd

gooooooccbodoooooOooOooOoOooOoOooUUooOooUoooOooDOoOoOooOOodn p9-pll
D000 IRAFOODOOODO overscan.cl 0000000000000 OOOOODOOOOOOOOOOODO
OpliMOO0OD0O0OO0OO00ODOOO03000000000DO0O0O0DO0O000DOO0ObOOO0ODODOODbOD
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ecl> implot flat

0000000000000 000b00b0000ob0 mstat0O0000O0O0OOO0OOOOOOODODO
ooboooooooboooog

ecl> imstat flat[1300:1600,*]

# IMAGE NPIX MEAN STDDEV MIN MAX
f1lat[1300:1600,*] 1234100 28167. 11293. 72.08 78559.

ecl> imarith flat / 28167 flatn

D000 flatfits 00 0000000000000 OOOODOODO1300-160000 imstat 00 0OOOOO
0000000000000 0000000NPIXMOODOO MEANDIOOOOOSTDDEVOIOOOO
oooMINOMAXOOOOOQOODOOOOO
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ecl> implot flat

obooooboobooobobooobob oobOboooooooooobooobooooboooboboobobn
00000 O0ODO0000000O0000DOODOOO0O0OO0D0O0O0O Oimreplaced 000 100000DODO

ecl> imreplace flatn 1 upper=0.1

000000 00o0Oo000O0 flatnfits0 0000 00.100000000000 1000000000
goooboooo

000 ds900O000DO400000000000D0O0DO0O0DO00O0DODOODOOOOODOODODO
tooboobooooobooooooboooboooobooooooboobooooObObOoobobOoOooOooboooOoa
gooOoooOooOoOooooOoOoOOoU0OU0OoOOOOQUO0OOUOO0OOO0@@OOOOODOOODOO
gooooboboboooooboobooooboooboobop4100m

echelle> imarith Qobj.lst / flatn Gobjf.lst

NOAO/IRAF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Mon 12:33:06 10-May-201
Line 2050 of flatn
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ecl> noao
artdata. astutil. imred. nproto. onedspec. twodspec.
astcat. digiphot. mtlocal. observatory rv.
astrometry. focas. nobsolete. obsutil. surfphot.

noao> imred
argus. crutil. echelle. iids. kpnocoude. specred.
bias. ctioslit. generic. irred. kpnoslit. vtel.
ccdred. dtoi. hydra. irs. quadred.

imred> echelle
apall aprecenter demos refspectra sflip
apdefault@ apresize deredden sapertures slist
apedit apscatter dispcor sarith specplot
apfind apsum doecslit scombine specshift
apfit aptrace dofoe scopy splot
apflatten bplot dopcor sensfunc standard
apmask calibrate ecidentify setairmass
apnormalize continuum ecreidentify setjd

echelle> epar apall

IRAF
Image Reduction and Analysis Facility
PACKAGE = echelle
TASK = apall
input = H9791bf List of input images
(output = H9791bfa) List of output spectra
(apertur= ) Apertures
(format = echelle) Extracted spectra format
(referen= ) List of aperture reference images
(profile= ) List of aperture profile images
(interac= yes) Run task interactively?
(find = yes) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(fittrac= yes) Fit the traced points interactively?
(extract= yes) Extract spectra?



(extras

(review

(line

(nsum

(lower

(upper
(apidtab=

(b_funct=
(b_order=
(b_sampl=
(b_naver=
(b_niter=
(b_low_r=
(b_high_=
(b_grow =

(width =
(radius =
(thresho=

nfind

(minsep

(maxsep

(order

(aprecen=
(npeaks =
(shift =

no)

yes)

INDEF)
50)

-5.)
5.)

chebyshev)
1)

*)

-3)

3)

3.)

3.)

0.)

5.)
10.)
0.)

1
2.)
150.)

increasing)

)
INDEF)
yes)

Extract sky, sigma, etc.?

Review extractions?

Dispersion line

Number of dispersion lines to sum or median

# DEFAULT APERTURE PARAMETERS

Lower aperture limit relative to center
Upper aperture limit relative to center

Aperture ID table (optional)

# DEFAULT BACKGROUND PARAMETERS

Background function

Background function order
Background sample regions
Background average or median
Background rejection iterations
Background lower rejection sigma
Background upper rejection sigma

Background rejection growing radius

# APERTURE CENTERING PARAMETERS

Profile centering width
Profile centering radius

Detection threshold for profile centering

# AUTOMATIC FINDING AND ORDERING PARAMETERS

Number of apertures to be found automatically
Minimum separation between spectra
Maximum separation between spectra

Order of apertures

# RECENTERING PARAMETERS

Apertures for recentering calculation
Select brightest peaks

Use average shift instead of recentering?

# RESIZING PARAMETERS



(11imit

INDEF) Lower aperture limit relative to center

(ulimit = INDEF) Upper aperture limit relative to center
(ylevel = 0.1) Fraction of peak or intensity for automatic width
(peak = yes) Is ylevel a fraction of the peak?
(bkg = no) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi= yes) Average limits over all apertures?

# TRACING PARAMETERS
(t_nsum = 10) Number of dispersion lines to sum
(t_step = 10) Tracing step
(t_nlost= 3) Number of consecutive times profile is lost before qui
(t_funct= legendre) Trace fitting function
(t_order= 3) Trace fitting function order
(t_sampl= x) Trace sample regions
(t_naver= 1) Trace average or median
(t_niter= 3) Trace rejection iterations
(t_low_r= 3.) Trace lower rejection sigma
(t_high_= 3.) Trace upper rejection sigma
(t_grow = 0.) Trace rejection growing radius

# EXTRACTION PARAMETERS
(backgro= none) Background to subtract
(skybox = 1) Box car smoothing length for sky
(weights= none) Extraction weights (none|variance)
(pfit = fit1d) Profile fitting type (fitld|fit2d)
(clean = no) Detect and replace bad pixels?
(saturat= INDEF) Saturation level
(readnoi= 0.) Read out noise sigma (photons)
(gain = 1.) Photon gain (photons/data number)
(1sigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold
(nsubaps= 1) Number of subapertures per aperture
(mode = ql)

mpuwtOO00000D0000Ooutput 00 0000000000000 DO0OO0O00OO0ODOO0OOODOODD
go0oDOO0oDOOoOOoDOO00000O0o0DDOOD indOD0DODOO00O0OO0O00OOO0O0OO0OO recente™
goboooboobobooobOoobioooboodo0dbDresizelO00O00O0O0DOOO0OODODOOOO
O0O00000editOO0D00O000D00DO00O0yesODOOOOOOOODDOOODOOODOOOOOOO
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NOAO/IRAF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Fri 14:08:23 14-May-201 . N © 1400
Image=H9791bf, Sum of lines 2025- 2074 NOAO/IRAF7V2,14.1 mlho@dhfp—133—15_2:mtk4_nao,ac_;]p Fr_l 14409:32 14—Miay—2()l
func=legendre, order=3, low_rej=3, high_rej=3, niterate=3, grow=0

Define and Edit Apertures total=410, sample=410, rejected=1, deleted=0, RMS= 0.125

60000 [T T T T T Aperture 1 of B9791bf
I I I I
50000 [~ -
1680 [~ -
40000 [~ -
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1640 [~ -
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1620 — —
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J 1600 ! ! !
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T T T T T
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O6:00apalO0000D0CCOOO0OOODOOOOOODOODOOOOOOOODOOOODODODOODODODOO
gobobO0Oooboobooboobooobooooooooooonn

gbooobooobobooooobooooboobbooobooobooooobooOooboobooooooona
gooooboboobooboboboooooboooboobOoboboobOOoboOoobooooOooobooDbOnoa
OO0000O0findODODOCOOOOtrace 000 fittracOO0OO0O00OD0OO0O0OO0O0O0ODOODOCO noO0OOO
Ub0o00o0bD0o0b0o0b0resizel0 0000000 OOOOOODOOOOODOOODOOOOODODO
O00000O0OO0000DOyesOODOOOO0OO0OO0OOODOOODO7YO00000000O0 apalOOOCOOO
Oo000O0OO0DOO0O000000O0000ds90000DO0O0DbO0ob00OO

. laa. s i deon Mave NOAO/IRATF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Fri 14:53:54 14-May-201
NOAO/IRAF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Fri 14:52:02 14-Nay-201 - .
Image=H9857bf, Sum of lines 2000-2099 Image=H9857bf, Sum of lines 2000-2099
Define and Edit Apertures Define and Edit Apertures
T T T1 T T T
‘ ‘ ‘ ! B0OO — —
| | | |
\ ! \ 1
1.50E5 — |
6000 — -
1.00E5 [~ -
4000 — -
50000 — |
ol | . N B 2000 — -
-50000 — — o= ™
. ! L L L T T T T T T
0 500 1000 1500 2000 1300 1400 1500 1600 1700 1800

U 7-oboooobooboboooobooboobobooboboobOooobooOoooobobObOOoobODbobooObOon
gboboooobbooobboobobooboobooboobooooooooboboboboboog
00000000000 DO000000@MsOo0000ooooooo0o0DOnO O lower, :upper 000
gbooooboooobooO

D ODoOoobd

gbobooooogooboboobbbboobooboobbooobooboooboooooboboo
goboooooobooobobobooobooooobooooOobOobobOoobobooobooobooOoooonn
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gooOoOooOoOO0oOOOoOoO0O0OoOoO0oOOobOoOoOODO0oO0bOOds90DOODOOODbOODODOOoOOoODOo0O
imcopy D 0 OODOOO00ODOOODOO

ecl> imcopy H9857bfa.0001[1800:4099,15:440] H9857bfat

FE [z s e |

MR

08 2000000000000000000C0O000O0O0O COMPARISONOOOOOOOOOOOOO
000000000000 0000 1/30 imeopy0OOOOO

E 0O0OOO

doddodoooooOoooOo0o cchbooooooodooonooonoooooonoooonoogon
00000000000 0DU00oD000D000000000000000O00O0DO Th-Ar0O0O O
Oo0D00oo00OOoooceccbooodooUoUoooUoDooooOooOoUoDoooOoDoOoDoOoODg
0000000000000 oooooooooooooooo ccbooopooooooooogo9
0Mooooobooooooooooooooooooobooooooooooooooooooooa
000000000000 D00D00000000AMDODODOONDO0ONOOOON2000000000
0000000000000 identify, reidentify, fitcoords, transform 0 00 000

E.1 COMPARISONODOOODOOODOO: identify, reidentify

OO0 OIRAFO longslit 00000000000 identify 0000000000 AODDODOOOODD
0000000000000 D0O0O0O0O0O0O0 Th-Ar000 0000 COMPARISONOOOO OO OOOO
gboobooobooobobOoboooobooooooboooboooooooobo p260000000DODOO
00000000 000000 longslit00000O00OO000OidentifylO0O0O0OOOOOOOOOOOO
ooo

echelle> bye
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Image Reduction and Analysis Facility

12

E |
R
£
,&Eﬁﬂ(ﬁu EstiL)
l identify, reidentify, fitcoords, transform
EPE@&
E
m+5 ]
£i
,&Eﬁﬁ(s‘ih A)
0o gobooogon
argus. crutil. echelle. iids. kpnocoude. specred.
bias. ctioslit. generic. irred. kpnoslit. vtel.
ccdred. dtoi. hydra. irs. quadred.
imred> bye
artdata. astutil. imred. nproto. onedspec. twodspec.
astcat. digiphot. mtlocal. observatory rv.
astrometry. focas. nobsolete. obsutil. surfphot.
noao> twodspec
apextract. longslit.
twodspec> longslit
aidpars@ deredden identify sarith specplot
autoidentify  dopcor illumination  scopy specshift
background extinction lcalib sensfunc splot
bplot fceval lscombine setairmass standard
calibrate fitcoords reidentify setjd transform
demos fluxcalib response sflip
longslit> epar identify
IRAF



PACKAGE = longslit

TASK = identify

images = HO9855bat
(section= middle line)
(databas= database)
(coordli= 1linelists$thar.dat)
(units = )
(nsum = 20)
(match = 20.)
(maxfeat= 50)
(zwidth = 100.)
(ftype = emission)
(fwidth = 7.)
(cradius= 10.)
(thresho= 50.)
(minsep = 2.)
(functio= chebyshev)
(order = 3)
(sample = *)
(niterat= 5)
(low_rej= 3.)
(high_re= 3.)
(grow = 0.)
(autowri= yes)
(graphic= stdgraph)
(cursor = )
crval =

cdelt =

(aidpars= )
(mode = ql)

Images containing features to be identified
Section to apply to two dimensional images
Database in which to record feature data
User coordinate list

Coordinate units

Number of lines/columns/bands to sum in 2D images
Coordinate list matching limit

Maximum number of features for automatic identificatio
Zoom graph width in user units

Feature type

Feature width in pixels

Centering radius in pixels

Feature threshold for centering

Minimum pixel separation

Coordinate function

Order of coordinate function

Coordinate sample regions

Rejection iterations

Lower rejection sigma

Upper rejection sigma

Rejection growing radius

Automatically write to database

Graphics output device

Graphics cursor input

Approximate coordinate (at reference pixel)
Approximate dispersion

Automatic identification algorithm parameters

images0 0000000000 COMPARISONOOOOOOOOOOOOOOOOOOOO section O
00000000 0oDO000poo0o00oboOooOO0ODO 00000000000 On middle linedO 0O
OO00O0O0OcoordliD DO0ODOOODOOOODOOODOOOOODDODODOOOOOODOOOOODODODOO
0000000000000 00000000 Tr-Ar000 0000 O'linelists$thar.dat’000000 OO
goooboobooboooobon

go000D0CDOCOO 10000000DCOO0DDODOO0ODODDdentify0ODOOOOOOOOO

godob26p0000000000

dentify 0 00 OO0O0O0O0OO0O0O0OOO0O0OOQCOOCCCDOOOOOOOOOOOODOOOOOoOOO

gbooboooooobooboobobbooboobooooboooooobobobbobboo

reidentify 0 000 00000000000 QCO0O0D0OO000O00O0O reidentify0 00000000

longslit> epar reidentify
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PACKAGE
TASK =

referenc

images
(interac=
(section=
(newaps =
(overrid=

(refit =

(trace =
(step =
(nsum =
(shift =
(search =

(nlost =

(cradius=
(thresho=

NOAO/IRAF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Thu 14:40:04 13-May-201

identify H9855bat[*,156]
COMPARISON - Aperture 1

1.00E6 [—

7.50E5 —

5.00E5 —

2.50E5 —

— 6554, 1603

B551.17055

;

——  6583.06

NOAGIRAF mibio@dhep-133-152 mik oac p T May 13 14:40:25 2010

—  64088.5305

—  B577.2146

—— 0538, 8756
—  058UL5
6360.6322

— 66761221
— 65602299

i 65856045
f

6540

longslit

reidentify

6550

g 10: 00O

6560 6570 6580 6590
Wavelength (angstroms)

Oidentify 0 000 O0OO0O0O0OCOOO

IRAF

Image Reduction and Analysis Facility

H9855bat
H9855bat

no)

middle line)

no)
yes)
yes)

yes)
2)
2)
0.)
0.)
0)

10.)
0.)

Reference image

Images to be reidentified

Interactive fitting?

Section to apply to two dimensional images
Reidentify apertures in images not in reference?
Override previous solutions?

Refit coordinate function?

Trace reference image?

Step in lines/columns/bands for tracing an image
Number of lines/columns/bands to sum

Shift to add to reference features (INDEF to search)
Search radius

Maximum number of features which may be lost

Centering radius

Feature threshold for centering

14



(addfeat= yes) Add features from a line list?

(coordli= 1linelists$thar.dat) User coordinate list

(match = 20.) Coordinate list matching limit

(maxfeat= 25) Maximum number of features for automatic identificatio
(minsep = 2.) Minimum pixel separation

(databas= database) Database

(logfile= logfile) List of log files

(plotfil= ) Plot file for residuals

(verbose= yes) Verbose output?

(graphic= stdgraph) Graphics output device

(cursor = ) Graphics cursor input

answer = no Fit dispersion function interactively?

crval = Approximate coordinate (at reference pixel)
cdelt = Approximate dispersion

(aidpars= ) Automatic identification algorithm parameters
(mode = ql)

referenc0 0 0000000CCOCO0OO0CDOOO0COdentifyD00000O0O00DOOCCOOODOODOODOO
OO00O0OimagesO Oreidentify 0 000 000000000000 O0O0OCOO0ODOCOO0O0ODO identify d O
0000 COMPARISON OO OOOOOOOOOOOOODODOOOO Oreferenc000O0O000O0O0OCDO
gboob:goO0OO0OO0OO0ODDODDODOODODDOOOOOOOODOODOOO

REIDENTIFY: NOAO/IRAF V2.14.1 miho@dhcp-133-152.mtk.nao.ac.jp Wed 09:56:18 19-May-2010
Reference image = H9855bat, New image = H9855bat, Refit = yes

Image Data Found Fit Pix Shift User Shift Z Shift RMS
H9855bat [*,211] 10/10 16/16 0.0578 0.00116 1.77E-7 0.018
H9855bat [*,209] 16/16  16/16 0.0804 0.00141 2.14E-7 0.0143
H9855bat [*,207] 15/16  15/15 0.15 0.00288 4.39E-7 0.0186
H9855bat [*,205] 15/15  16/16 -0.168 -0.00334 -5.1E-7 0.0156
H9855bat [*,203] 15/16  15/15 0.0573 0.00132 2.02E-7 0.0156
H9855bat [*,201] 14/15 16/16 -0.144 -0.00282 -4.3E-7 0.0187
H9855bat [*,199] 15/16  16/16 0.106 0.00196 2.98E-7 0.0164

DO00000000 step0 000000000000 0OODOODOOOOO” ** Too many features lost
* 00000000000 0000000000000000000 stepd 00D00ODOOO0ODOOO
nsum] 0000000000000 0D0D000000O00O000O00O0OO0O0OO0O000d

00000000000 database/id[filename) 00000 0000000000
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E.2 O0O0O0O0O0O0O0OQOOfitcoords

longslit 000000000 fitcoordsO OO0 OO0OO reidentify 0 000 O COMPARISONOO ODOO
0000000000000 D0D0O0O00OD00D000D000DO0O Oreidentify0 0000 2000000
O00000Ofitcoords 00000000000 OOOOOOOOO

longslit> epar fitcoords

IRAF
Image Reduction and Analysis Facility
PACKAGE = longslit
TASK = fitcoords
images = HO9855bat Images whose coordinates are to be fit
(fitname= H9855bat) Name for coordinate fit in the database
(interac= yes) Fit coordinates interactively?
(combine= yes) Combine input coordinates for a single fit?
(databas= database) Database
(deletio= deletions.db) Deletion list file (not used if null)
(functio= chebyshev) Type of fitting function
(xorder = 6) X order of fitting function
(yorder = 6) Y order of fitting function
(logfile= STDOUT,logfile) Log files
(plotfil= plotfile) Plot log file
(graphic= stdgraph) Graphics output device
(cursor = ) Graphics cursor input
(mode = ql)

images0 0 0000000000000 OO0DOOODOODOO identify, reidentify 0 0000000000
000000000 COMPARISONOODDOOOODOOODDODOODOODOOOODOOODOODODOO xO0Od
dodoodboobooobbooooo0oob000ob0 0O nNnooooobOobObo oo boboboOoobo oo
000 Oidentify O reidentify 00 O OO0 0000000000000 O0O0OOOOOOODOO0OOOOOOOO
0o0d00d00Od—-pO0O0000D0DOOOODODOOODOODODOOODOODODOOODOOO0ODOOfOO0ODODOO00
0000 mmsO 00200000000 0000000000000 OO0OO0OOOOOOOOO0ODOOOOO
00dqUOo0obobbob0bbO0o0oonoobbobbb0o00o00bb000U0bO0o0bOog yeso oo
00000000000 0000 database/fe[filename)’ 00000000

E.3 0O00O0O0O0OOQO transform

gooooooooooboobooboooooobboooobobbooobobooobDOobbObDOobOooo
0000000000 0000000 transformO 00000000000 OOOOOCOOOOOODOOO
000 COMPARISONOO OOOOOOOOOOOOOOOOOOOOOODOOODOODOODOO
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Function = chebyshev, xorder = 6, yorder = 6, rms = 0.01572
Fit User Coordinates to Image Coordinates for H9855bat
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0 11: fitcoords OO0 00O

longslit> epar transform

IRAF

Image Reduction and Analysis Facility

PACKAGE = longslit
TASK = transform

input = HO9855bat Input images
output = HO855batw OQOutput images
(minput = ) Input masks
(moutput= ) Output masks
fitnames= HO8b5bbat Names of coordinate fits in the database
(databas= database) Identify database
(interpt= spline3) Interpolation type
(x1 = INDEF) Output starting x coordinate
(x2 = INDEF) Output ending x coordinate
(dx = INDEF) Output X pixel interval
(nx = INDEF) Number of output x pixels
(xlog = no) Logarithmic x coordinate?
(y1 = INDEF) Output starting y coordinate
(y2 = INDEF) Output ending y coordinate
(dy = INDEF) Output Y pixel interval
(ny = INDEF) Number of output y pixels
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(ylog no) Logarithmic y coordinate?

(flux = yes) Conserve flux per pixel?
(blank = INDEF) Value for out of range pixels
(logfile= STDOUT,logfile) List of log files

(mode = ql)

00000 ds90 0000000 HI8ssbatw.fits’00 00000000000 9000000 DOO0ODOOO
oooooooooooooo

O0000000000ooooooo0oooogn transformO0 000000000 Oinput0000O
0000000 Ooutput0 000 00O Ofitnames O fitcoords 0 000 0 COMPARISONO O OOODODO O
opoooooooo

F O000o0oOodgd

Oo000oOdo0ooDOooooooooObOOob00DO0dDO0oOO0OU0COOODO0OOOODO splotOd
oood

longslit> splot H9863bfatw

gbooodbooooooboobobobobooooobooboooboobooooooobobn
U 1mogbooogobbooboodobooooooo 12o0bbbob0o0o0oobooboboooooog
0000000 OooooOooOoooO0(o0o)yooO0D0O0OU00O0DO00O0O0O0DOwOOOOOOOOOOo
gboobooobOOodoooboUo edOobOOODOOODOODOO e0OOO0OODOOO

oood

eJ0OODODOODOOODODDOOOODOOOOO

e JOOODOOO0ODODODDODOOODOOODLDOOOOODODLOOODOOODOOODOOOOODO
OO00O0DO0OO0O0splot0000OCDOOOOOOOOO0O0kOODOOOOOD

e OO0 DOODODOOODOOOOODOOOOOOOODOOOOOODOOOOOOODOOODOOO
goog

googobooboboobooboobooobobobobboobboooobooooobooboboobo
gbooboboooboooobooogbboobooobboboboobobooboboboboboobobn
00000000000000000000000002%20000000000000 p37-40000000
gogoo

oood

1. 00000000 /HDSOOOUOOOOODUOOOIRAFOOOOOOOOOODOO
2. Nishikawa et al. 2008, ApJ, 684, 1260
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[H9863bfatw[*,297]]: HH46-47 - Aperture 1 1800. ap:297 beam:0
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