Reducing your Goodman HTS
Multi-Object Slit Spectra
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The Goodman MOS mode:

Reducing your MOS spectra with
IRAF

) Determining the characteristics
of your data
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The BIAS

Single BIAS: Spec Mode
1x1, 100KHz ATTN3
(Gain=2.06 e/ADU,
Noise=3.99 e)

Combination of 20 BIAS
frames: IRAF combine =
combine=average
reject=crreject

scale=none
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The BIAS
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Quartz lamps: 400M2 + 66455
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Quartz lamps: 400M2 + 66455
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NORD/IRAF V2,16,1 bricencBlesars-MacBook-Pro,local Wed 11521340 06-Aug-2014 B HOROD/IRAF %2,16,1 hricenoBCesars-MacBook-Pro,local Wed 11:34:15 06-Aug-2014
Average of lines 966 to 975 of 0040,9Flat_d400mZ GRS, fits Column 2040 of 0040, aflat_d400m2_GR455, fits
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Overscan section: [4115:4140,50:1750]
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CCDPROC: trimming, overscan & bias correction

IRAF
Image Reduction and Analysis Facility
PACKAGE = ccdred
TASK = ccdproc

images = @list1 List of CCD images to correct
(output = ) List of output CCD images
(ccdtype= ) CCD image type to correct
(oversca= yes) Apply overscan strip correction?
(trim = yes) Trim the image?

(zerocor= yes) Apply zero level correction?

(biassec= [4115:4140,50:1750]) Overscan strip image section
(trimsec= [30:4100,50:1750]) Trim data section

(zero = Zero) Zero level calibration image
(interac= yes) Fit overscan interactively?

(functio= chebyshev) Fitting function

(order = 1) Number of polynomial terms or spline
pieces

Where list1 contains quartz lamp flats, comp lamps and science frames.
).

Workshop: New Instruments at Gemini & SOAR i
Aug 8-10, 2014 - Guaruja - Brasil SOAR




CCDPROQOC: overscan correction
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Combine quartz, comparison lamps and

science target frames (if appropriate)

combine @comp lamps output=comp HgAr

ccdtype="" combine=median reject=none scale=mode
rdnoise=3.99 gain=2.06

combine @ori2 output=ori2_ comb
ccdtype="" combine=median reject=none scale=mode
rdnoise=3.99 gain=2.06

combine @quartz_lamps output=qflat
ccdtype="" combine=median reject=none scale=mode
rdnoise=3.99 gain=2.06

combine @quartz lamps nograting output=qflat nograting
ccdtype="" combine=median reject=none scale=mode
rdnoise=3.99 gain=2.06
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Extract the 2-D spectra

UseAPALL in package TWODSPEC — APEXTRACT:

twodspec> apextract
apall apedit apflatten apnormalize apscatter
apdefault@ apfind apmask  aprecenter apsum
apdemos. apfit apnoise  apresize aptrace

0
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Examine the 2-D spectra

Determine the background region.
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Parameters for APALL (1)

IRAF
Image Reduction and Analysis Facility
PACKAGE = apextract

TASK = apall
input = ori2_comb List of input images
(output = ori2_comb_1d) List of output spectra
(format = onedspec) Extracted spectra format
(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 = yes) Extract sky, sigma, etc.?
(review = yes) Review extractions?

0

Aug 8-10, 2014 — Guaruja - Brasil SOAR

Workshop: New Instruments at Gemini & SOAR



Parameters for APALL (2)

# DEFAULT BACKGROUND PARAMETERS

(b_funct= chebyshev) Background function

(b_order= 3) Background function order
(b_sampl= -10:-5,5:10) Background sample regions
(b_naver= -3) Background average or median

# APERTURE CENTERING PARAMETERS

(width = 5.) Profile centering width
(radius = 10.) Profile centering radius
(thresho= 0.) Detection threshold for profile centering

0
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Parameters for APALL (3)

# AUTOMATIC FINDING AND ORDERING PARAMETERS

Nfind = 4 Number of apertures to be found
automatically

(minsep = 5.) Minimum separation between spectra
(maxsep = 100000.) Maximum separation between spectra

# 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 b

(t_funct= legendre) Trace fitting function

(t_order= 3) Trace fitting function order

(t_sampl= *) Trace sample regions

(t_naver= 1) Trace average or median

0
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Parameters for APALL (4)

# EXTRACTION PARAMETERS

(backgro= average) Background to subtract

(skybox = 1) Box car smoothing length for sky
(weights= none) Extraction weights (none|variance)
(pfit = fit1d) Profile fitting type (fit1d|fit2d)
(clean = no) Detect and replace bad pixels?
(saturat= INDEF) Saturation level

(readnoi= 3.99) Read out noise sigma (photons)
(gain = 2.06) Photon gain (photons/data number)
(Isigma = 4.) Lower rejection threshold

(usigma = 4.) Upper rejection threshold
(nsubaps= 1) Number of subapertures per
aperture

(mode = ql)

0
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Identify your targets in your mask

5TS5cl POSS2UKSTU Red 05:31:5040 -
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MOS mask image . * .
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Identify your targets in your spectra

Alignment stars

50863510

50864377 @

- 50866925
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Running APALL (1): select/check apertures

HOADAIRAF YW2.,16.1 bricenolECeszars-MacBook-Pro,local bled 14:53:36 05-Aug-2014
Image=oriZ_comb. Sum of columnszs Z2030-2039
Define and Edit Apertures

I I H 2 1 3 I4

B

Alignment stars

TARGETS

beam = 4
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Running APALL (2): trace apertures
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Running APALL (3): extract spectra

Severle fringing in the Ired

i
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Running APALL (5): extract comp for each slit

apall comp HgAr output=comp_HgAr 1d format=onedspec
referen=0ri2_comb interac- find- recenter- resize- edit- trace-
fittrace- extract+ review- extras- backgro=none
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Running APALL (6): extract quartz lamps for each slit

apall gflat output=qgflat 1d format=onedspec referen=ori2_comb
inter find- recenter- resize- edit- trace- fittrace- extract+ review-
extras- backgro=none
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Normalize your spectroscopic flats: RESPONSE

response gflat_ 1d.0002 normaliz=qgflat._1d.0002
response=dflat_ 1d _norm.0002 interac+ functio=spline3 order=5
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Flatfield your spectra

Flatfielded

|
Beflore applying Inormalized fllat

1000 2000 3000
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Goodman Hg(Ar) lamp with 400M2 + 66455

MOAODASIRAF YWZ2.16.1 bricenclCesars-MacBook-Fro.local lWed 16:1Z2:36 Ob—-Aug-2Z014
[comp_HgAr_1d.0001.fits]: HzAr 2.4 ap:l beam:1
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Running Identify on each slit comp spectrum

MOADSIEAF W2 .16.1 bricenolFCesars-MacBook-Fro.local Wed 16:44:02 Ob—-Aug-2014

tunc=splineld, order=1l, low_re]=3, high_rej=3, ni g=0, <
total=13, sample=13, rejected=0, deleted=2Z( REM3=0.03307
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Applying the dispersion solution

Run REFSPEC to assign the corresponding calibrated comparison
lamp to the appropriate target

refspec ori2 comb 1d.0002
reference=comp HgAr 1d.0002 select=match sort=
time=no confirm- verbose+

Run DISPCOR to apply the dispersion solutions to each target
spectrum

dispcor ori2 comb 1d.0002 output=ori2 comb.2 wl
lineari=yes flux=yes samedis=no global=no confirm-
verbose+

L
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Applying the dispersion solution

apextract> cl < dodispcor.cl

ori2_comb 1d.0001: REFSPEC1 = 'comp_HgAr 1d.0001 1.’
ori2_ comb_1d.1 wl:ap =1, w1 =4671.559, w2 = 8693.73, dw = 0.988249,

ori2_comb 1d.0002: REFSPEC1 = 'comp_HgAr 1d.0002 1.’
ori2z_comb_1d.2 wl: ap = 2, w1 = 5216.887, w2 = 9238.728, dw = 0.988167,

ori2_comb 1d.0003: REFSPEC1 = 'comp_HgAr 1d.0003 1.’
ori2_comb_1d.3 wl:ap =3, w1 =5378.805, w2 = 9400.968, dw = 0.988246,

ori2_comb_1d.0004: REFSPEC1 ="'comp_HgAr 1d.0004 1.
ori2_ comb 1d.4 wl:ap =4, w1 =5169.038, w2 = 9190.513, dw = 0.988077,

0
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Wavelength-calibrated spectra

HOADSIRAF WZ.16.1 bricenoBCesars—-MacBook-Fro.local Wed 18:59:14 0b-fAug-2014
[oriZ_comb_1d.Z_wl.fits[11[*,1,1]1]: orion field-Z 900. ap:Z beam:Z

3500

[ [ [ [
A new ~M1 T Tauri star

F000 000

Wawvelength (angstroms)
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Wavelength-calibrated spectra

MOAOSIRAF WZ2.16.1 bricenoBCesars-MacBook-Fro.local Wed 19:02:21 Ob—-Aug-2014
[oriz_comb_1d.Z_wl.fits[1]10*,1,11]: orion field-Z2 900. ap:2 beam:Z

3500 =

~M1 T Tauri star
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Wavelength-calibrated spectra

MOADAIRAF YZ2.16.1 bricenolFCesars-MacBook-Pro.local Wed 19:01:13 Ob-Aug-2014
loriZ_comb_1d.Z_wl.fits[1][*,1,1]1]: orion field-Z 900. ap:2 beam:Z

I I q I I I I
a0 — =

W(Hx)=-2.65 A

W(Li | 6707)=0.38 A

| | l
(Slatalll BE00 BEa0

Wavelength (angstroms)
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Wavelength-calibrated spectra

MOADAIRAF WZ2.16.1 bricenoBRCesars-MacBook-FPro.local Wed 19:07:0Z2 Ob—-Aug-2014
loriZg_comb_1d.Z2_wl.fits[1]1[*,1,1]1]: orion field-2 900. ap:Z2 beam:Z

I I I I I
W(Nal 8183)=0.46 A W(Nal 8195)=1.5 A

\/

| |
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Other MOS systems at CTIO:
The Cerro Tololo Ohio State Multi-Object
Spectrograph (COSMOS) on the Blanco 4m

~12 arcmin diam. FOV
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Goodman MOS vs COSMOS MOS

MOARDSIREAF YW2.16.1 bricenoBFCesars—-MacBook-Fro.local Thuo 01:335:02 07-Aug-2014
separatlion step = 125170.9

Go'od man
3x15min

COSMOS
3x15min
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Comparing Goodman with COSMOS
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New and upcoming

« SOAR ADC is now commissioned.
Will be released for regular use in 2014B

« NEW GRATING CHANGER is almost ready. Could be installed by
end of 2014. — more gratings can be installed

* NEW 2400 I/mm grating

* NEW “Red” CCD Camera for Goodman (no fringing): 2014-2015
« SOAR TCS UPGRADE: ongoing

« SOAR optics correction improvements: ongoing

» Concept of Acquisition Camera for Goodman

0
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Which MOS system to use at NOAO-S?

» Using either system requires advance preparation of masks

» Goodman MOS on SOAR:

* Instrument is always on the telescope!

* Optimized for best performance in the blue-UV, but with new “Red”
camera, will provide much better results out to ~900nm

« Better image quality than Blanco — take advantage of nights with
very good seeing (e.g., two masks of same field: one with narrower

slits, other with wider slits)

« COSMOS on the Blanco 4m:
« Somewhat larger FOV
» Better performance (at present) in the red end
* Only available during /8 time (which is relatively little, since DeCam

is taking up most of the time for the next few years)
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Documentation

Goodman manual at the (current) SOAR webpage
http://www.soartelescope.org/observing/documentation/goodman-high-thro
ughput-spectrograph/goodman-manual/manual

Summary of Goodman
http://www.soartelescope.org/observing/documentation/goodman-high-thro
ughput-spectrograph/goodman-manual/overview

Goodman webpage at UNC
http://www.goodman-spectrograph.org/

Luciano Fraga's excellent tutorial:
http://www.Ina.br/obsresoar/Apresentacao/goodman2013.pdf

You can download the current MOS documentation by doing an
anonymous ftp to: ftp.ctio.noao.edu:pub/soar/

MOS documentation is currently evolving!....ask us for the latest version or

0
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http://www.soartelescope.org/observing/documentation/goodman-high-throughput-spectrograph/goodman-manual/manual
http://www.soartelescope.org/observing/documentation/goodman-high-throughput-spectrograph/goodman-manual/manual
http://www.soartelescope.org/observing/documentation/goodman-high-throughput-spectrograph/goodman-manual/overview
http://www.soartelescope.org/observing/documentation/goodman-high-throughput-spectrograph/goodman-manual/overview
http://www.goodman-spectrograph.org/
ftp://ftp.ctio.noao.edu/
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