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                                OSIRIS INSTRUMENT at the GTC
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System for
Imaging and 
         low-Intermediate-
Resolution 
Integrated 
Spectroscopy

Wavelength range:  0.365 to 1.05 µm
Field of View: 7.8 x 7.8 arcmin
Detectors: 2 CCDs of 2048 x 4096 pixels
                                              with a 9.4” gap
Pixel size = 15 µm
image scale = 0.254”/pix

Imaging
    Broad Band 
    Median Band (SHARDS filters)
    Tunable Filters
    Fast Photometry
   Frame Transfer Photometry

Spectroscopy
     LongSlit Spectroscopy
     Multi-Object Spectroscopy

CCD-1 CCD-2



                                OSIRIS INSTRUMENT at the GTC

===> More than 80% of the existing GTC 
    archival data is from OSIRIS and it is raw form

Scientific exploitation of these data by the international community requires  easy-to-use pipeline



OSIRIS DATA reduction pipelines 

Aim of the GTCMOS pipeline: 
        To produce science quality spectra from RAW data with minimum user 
interaction.



Spectroscopic data reduction steps

Obtain wavelength and flux-calibrated spectrum of individual objects 

- Bias and flat-field corrections
- Mosaic the 2 CCDs into one image
- Removal of cosmic ray events

- Wavelength calibrate using arc lamps
- Flux calibrate using standard stars
- Subtract sky using sky spectra
- Extract the 2-D spectral image to get 1-D spectrum

Basic reduction:
   (Image) 

Spectroscopic
        reduction
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     LongSlit Spectroscopy            -  Wavelength independent (almost) of spatial axis       
                    

     Multi-Object Spectroscopy    - Wavelength depends on the position of the slitlet 
                                                          along the dispersion axis

Longslit vs MOS data reduction

===> Need to find wavelength solution for each slitlet
                          ….. can be boring and time-consuming



http://www.inaoep.mx/~ydm/gtcmos/gtcmos.html
GTCMOS – a pipeline to reduce GTC/OSIRIS data



Brief illustration of the pipeline



# tar ztvf GTC5-15BMEX.OB0005.tar.gz

GTC5-15BMEX/OB0005/
GTC5-15BMEX/OB0005/GTC5-15BMEX_0005_qc.txt

GTC5-15BMEX/OB0005/object/
GTC5-15BMEX/OB0005/object/0000852936-20160206-OSIRIS-OsirisMOS.fits
GTC5-15BMEX/OB0005/object/0000852937-20160206-OSIRIS-OsirisMOS.fits
GTC5-15BMEX/OB0005/object/0000852938-20160206-OSIRIS-OsirisMOS.fits
GTC5-15BMEX/OB0005/object/0000852939-20160206-OSIRIS-OsirisMOS.fits
GTC5-15BMEX/OB0005/object/0000852940-20160206-OSIRIS-OsirisMOS.fits

GTC5-15BMEX/OB0005/flat/
GTC5-15BMEX/OB0005/flat/0000853001-20160206-OSIRIS-OsirisSpectralFlat.fits
GTC5-15BMEX/OB0005/flat/0000853002-20160206-OSIRIS-OsirisSpectralFlat.fits
GTC5-15BMEX/OB0005/flat/0000853003-20160206-OSIRIS-OsirisSpectralFlat.fits
GTC5-15BMEX/OB0005/flat/0000853004-20160206-OSIRIS-OsirisSpectralFlat.fits
GTC5-15BMEX/OB0005/flat/0000853005-20160206-OSIRIS-OsirisSpectralFlat.fits

GTC5-15BMEX/OB0005/bias/
GTC5-15BMEX/OB0005/bias/0000853021-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853022-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853023-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853024-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853025-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853026-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853027-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853028-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853029-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853030-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853031-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853032-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853033-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853034-20160206-OSIRIS-OsirisBias.fits
GTC5-15BMEX/OB0005/bias/0000853035-20160206-OSIRIS-OsirisBias.fits

GTC5-15BMEX/OB0005/arc/
GTC5-15BMEX/OB0005/arc/0000852998-20160206-OSIRIS-OsirisCalibrationLamp.fits
GTC5-15BMEX/OB0005/arc/0000852999-20160206-OSIRIS-OsirisCalibrationLamp.fits
GTC5-15BMEX/OB0005/arc/0000853000-20160206-OSIRIS-OsirisCalibrationLamp.fits

GTC5-15BMEX/OB0005/stds/
GTC5-15BMEX/OB0005/stds/0000852913-20160206-OSIRIS-OsirisLongSlitSpectroscopy.fits
GTC5-15BMEX/OB0005/stds/0000852914-20160206-OSIRIS-OsirisLongSlitSpectroscopy.fits
GTC5-15BMEX/OB0005/stds/0000852919-20160206-OSIRIS-OsirisLongSlitSpectroscopy.fits

OSIRIS Data types and file structure 

OBJECT Files

Flat Files

Standard star Files

Arc lamp Files

Bias Files



                           Works directly on the directory structure of GTC data 



OSIRIS/MOS observations: illustrations

Aquisition image showing the positions of slitlets

Spectral image showing spectra of 
   Astrometric reference stars (arrows) 
   and Science objects

Registration of spectra of ALL reference stars
confirms that the desired astrometric accuracy
had been reached in the real observations. 



Illustration 1: Bias-subtracted, 2-CCDs mosaic, 3-images combined, 
cosmic-ray cleaned, Slitlets identified image



Illustration 2:  ….. wavelength-corrected, flux-calibrated 



Illustration 3:  ….. wavelength-corrected, flux-corrected, sky-subtracted 



Illustration 4:  astrometric precision 

Pointing is good to 0.1-0.2 arcsec even when using RADEC 
                     instead of XY coordinates in the pre-image

HST image



Illustration 5:  Cookbook 

https://www.inaoep.mx/~ydm/gtcmos/mos_reduction.html

html cookbook with
             practical examples and clickable illustrative figures



Salient features of the pipeline 

-IRAF-based scripts, user friendly, IRAF-like help 
-Works directly on the raw-data directory (GTC?-MEX?/OB0001/object)
                                   - no need to type long filenames......

-Generates automatically logical/unique output names
-Combines the 2 CCD images into one using astrometric solution
-Automatic line-identification and wavelength calibration
-Converts MOS spectral image into longslit-like 2D image
-Aligns slanted slitlets
-Not necessary to observe sky for each slitlet
          ===> can observe more targets, if available

-Standard star Wavelength and Flux-calibration in one command
          (no longslit arc provided, uses standard solution)

-Generic sky subtraction and extraction tasks included
-Reduction of longslit spectra and OSIRIS images is trivial
-Compatible with pre-MOS longslit/imaging data as well
-Can be easily used to reduce OSIRIS raw-data from GTC data archive
 



GTCMOS – Usage statistics

@iac.es                ncastro@iac.es                omarlx@inaoep.mx
@esfm.ipn.mx           vi.fernandez@inaoep.mx        riloemm@inaoep.mx
@hotmail.com         jimos4581rt@hotmail.com       jm.perez@univie.ac.at
@inaoep.mx                 alkam7@gmail.com              flabarber@gmail.com
@inaoep.mx              valgol@phys.uni-sofia.bg      ilias.koulouridis@cea.fr
.cdl98@gmail.com          padilla@tng.iac.es            bright_winner@hotmail.com
lilihe.mtz@gmail.com           cppt_ext@iac.es               msanchez@eso.org
edfuente@gmail.com             rcalvi@iac.es                 sflores@astro.unam.mx
nelli_cardenas@hotmail.com     rosa.calvi@gmail.com          ybai@nao.cas.cn
krittapas@ufl.edu              orozmozwant.1106@gmail.com    crabpulsar@hotmail.com
sara.cdl989@gmail.com          aaguado@iac.es                jnadolny@iac.es
ydm@inaoep.mx                  gianluca.lombardi@gtc.iac.es  mgg@cab.inta-csic.es
mau.gglez@gmail.com            rayadastidar@aries.res.in     lsabin@astro.unam.mx
mceliche@ucm.es                jfvynms4281rt@hotmail.com     cgc@iac.es
alongobardi@mpe.mpg.de         padilla@tng.iac.es            cesar.mendoza@inaoep.mx
nicola.caon@iac.es             luislomeli@inaoep.mx          whosi2@gmail.com
ahd@iac.es                     ana@tls-tautenburg.de         lsabin@astro.unam.mx
leonareuler@outlook.com        amperez@sciops.esa.int        oskarmzt2006@hotmail.com
aignotl@gmail.com              lino@inaoep.mx                azuri.ritter@gmail.com
jadiazt@astrosen.unam.mx       tbridges@okanagan.bc.ca       aritter@hku.hk
ilse@astrosen.unam.mx          jimos45812rt1@hotmail.com     ramaranta@gmail.com
aperez@cab.inta-csic.es        yair@astro.unam.mx            filihz@gmail.com
jesusibarra@live.com.mx        ddshi@pmo.ac.cn               ramaranta@gmail.com
arrabisusej@gmail.com          raglitaglez@gmail.com         alanyrr@gmail.com

72 users and counting …..
      from Mexico, Spain, China, Canada, Hong Kong, India, France,
              Germany, US, Bulgaria,  ...
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