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Multi-object spectroscopy • Why ? 

• How ? 
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M80, HST 

R136 region in the 30 
Doradus Nebula. 

© Nasa 



Multi-object spectroscopy Put more than 1 
object on the slit ! 
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Position angle : do N 
para o  E, S, O 
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Binary system 
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PA = 135° 

Verificar sempre se a mesma 
definição (N  E.S.O.) é 
usada pelo instrumento 



Position angle 
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Radio Galaxy (Virgo A) with jet 
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Observing bulge stars in the infrared with Phoenix : 
Echelle mas apenas uma ordem …  
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Brighter: I – 156 
Fainter: I - 158 



High resolution IR spectroscopy with Phoenix at Gemini 
South 
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117 citations 



Data reduction in the infrared : one star 
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Long slit (fenda longa) spectroscopy 
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Corte na direção espacial para PA = 43° 



Fenda no plano focal 
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Multi-slit spectroscopy 
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Problem : small 
spectral coverage 

© Roy & Clarke 
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Multi-slit spectroscopy 
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Spatial direction Slits at the focal plane 

Spectra on the CCD 

Sky 
lines 



GMOS 
Gemini 

Multi-Object 
Spectrograph 
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Instrument 
support 

structure 



GMOS 

• 2 Gemini Multi-Object Spectrographs : GN & GS 

• 5.5 arcminute field of view 

• Imaging 

• 0.36-0.94 µm long-slit spectroscopy  

• 0.36-0.94 µm multi-slit spectroscopy 

• Integral Field Unit (IFU), to obtain spectra from a 
35 arcsec2 area with a sampling of 0.2 arcsec 
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GMOS imaging 

Instrument 
Pixel 
Size 

(arcsec) 

Imaging Field 
of View  
(arcsec2) 

Throughput 

GMOS-N (original EEV and  
upgraded e2v DD*) 

0.0728 
330 x 330 data / plot 

GMOS-N (Hamamatsu*) 0.0809 

GMOS-S (original EEV) 0.0730 330 x 330 data / plot 
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Camera Properties  

Home » Sciops » Instruments » GMOS » Imaging 
•*Commissioning of the e2v DD devices expected late in semester 2011B  
•*Pixel Scale to be confirmed when the CCDs are commissioned, expected for late 2012 / early 2013  
 

NGC 628 = M 74 

GMOS imaging field = 5,5 x 5,5 arcmin 

http://www.gemini.edu/sciops/instruments/gmos/gmos_n_opt.txt
http://www.gemini.edu/sciops/instruments/gmos/gmos_n_opt.gif
http://www.gemini.edu/sciops/instruments/gmos/gmos_s_opt.txt
http://www.gemini.edu/sciops/instruments/gmos/gmos_s_opt.gif
http://www.gemini.edu/
http://www.gemini.edu/sciops
http://www.gemini.edu/sciops/instruments
http://www.gemini.edu/sciops/instruments/gmos
http://www.gemini.edu/sciops/instruments/gmos/imaging


GMOS long-slit 
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2009 MNRAS, 395, 28 
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Estrelas anãs (V) 

Estrelas gigantes (III) 
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Synthetic spectra 

Salaris & Cassisi 2005 
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Cluster 
NGC 1851 
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IMF 
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simple stellar populations (SSP) models 
para várias metalicidades e idades 

MacArthur et al. 2009 



GMOS 
long-slit 24 

2009 MNRAS, 395, 28 



GMOS 
long-slit 
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2009 MNRAS, 395, 28 
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2009 MNRAS, 395, 28 

GMOS 
long-slit 

Spiral barred galaxy NGC 7741 



GMOS multislit 

• With a 5.5 arcmin field of view, 30-60 slits can 
typically be located in a single mask 

• maximum of several hundred slits when using 
narrow-band filters 

• Slit widths 0.5 arcsec or larger 

• Masks designed from GMOS direct imaging 

• R (max) = 4000 ? 
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Object slits (white & yellow) with the alignment stars (cyan) , CCD gaps (blue) and the mask 
area (red) plotted over the GMOS pre-imaging. This plot is used to check the masks 
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GMOS 
multi-slit 



DEIMOS (Keck II) 
DEep Imaging Multi-Object Spectrograph 
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DEIMOS (Keck II) 
• generous slit length spanning 16.6 arcmin on sky 

(vs. 5,5 arcmin for Gemini GMOS)  

• large 8k×8k detector mosaic featuring eight CCDs  

• advanced, closed-loop flexure compensation 
system achieving image stability of ±0.25 px over 
360° of instrument rotation  

• wide spectral coverage (up to 5000 Å per exposure)  

• high spectral resolution (up to R≈6000)  

• multi-slit spectroscopy of 100+ resolved targets per 
mask or 1000+ targets with narrow-band filters 

• convenient IDL-based data reduction pipeline  31 

http://www2.keck.hawaii.edu/inst/deimos/pipeline.html


Integral Field Spectroscopy (IFU) 
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Microlentes 
+ fibras 

fenda Espectros 
no detetor 



GMOS IFU 

• Lenslet array (containing 1500 elements) in the 
pre-slit slice the focal plane into many components. 

• Each lenslet is coupled to a fiber. 

• The fibers end at the slit of the spectrograph.  

• The science field of view is 35 square arcsec (5"x7") 
and is sampled by 1000 elements. The sky is 
sampled by the remaining 500 elements which are 
located ~1 arcmin away from the science field 
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Multi-object spectroscopy with fibers 

35 

Fenda 

Spectra on CCD 

M80 globular cluster 

Bom para objetos espaçados, permite 
cobrir wide fields 



Fibras são posicionadas usando magnetic 
buttons 
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light 



37 

The 2dF robotic fibre positioner which feeds 
the AAOmega spectrograph is mounted at the 
prime focus on top of the AAT 3,9m telescope. 
 

Spectrograph is at the coude room 
(38 m de fibras opticas) 

http://www.aao.gov.au/AAO/2df/aaomega/aaomega.html
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The 2dF robotic fibre positioner 
 
The metal field plate is seen populated with fibre buttons which are used to relay the light 
from astronomical targets down to the AAOmega spectrograph. The robot gripper is seen 
hovering over a button which it is about to move to a new target position. 



Old 2dF (one arm) 
Almost 400 spectra (200 in each CCD) 
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Latest 2dF AAOmega spectrograph (2005) 

• 2 degree field of view (compare to 5 arcmin GMOS) 

• About 400 fibers 

• Two arms covering full optical range 370-850nm, or 
470-950 nm at R ~ 1300 

• Resolving power up to  

R ~ 10 000 is possible but with 

smaller spectral coverage 

• Simultaneous robotic 

configuration for next field 
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Almost 400 spectra for red arm 
(tem mais 400 espectros no lado azul) 
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Sky subtraction with 2dF/AAOmega 
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espectro do céu 

espectro do quasar 
após subtração do céu 



Redução automática no 2dF AAOmega 
400 blue spectra + 400 red spectra ! 
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http://www.aao.gov.au/2df/aaomega/aaomega_2dfdr.html 
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http://adsabs.harvard.edu/abs/2012arXiv1205.1306L 

AAOmega no telescópio AAT de 4m 
é mais produtivo que o FORS no VLT 
de 8m (campo de apenas 7’ x 7’) 
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                                             Teff  log g  [Fe/H] 
Candidate Sun (2df): 5783, 4.41, 0.08 
Subaru spectra:          5822, 4.31, 0.09 
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Confirmed members 
of cluster IC 4499 
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FLAMES (VLT/ESO) - Fibre Large 
Array Multi Element Spectrograph 

• Field of view: 25 arcmin in diameter 

• UVES mode is for high resolution 

(R ~ 47 000) but only 8 objects 

• GIRAFFE mode :  

- MEDUSA submode up to 130 targets 
at R ~ 5600 - 25000 

- IFU submode in small field 2x3arcsec 

- ARGUS submode : larger IFU (12x7”) 

• Simultaneous UVES + GIRAFFE ok 

• Pipeline (automatic data reduction) 49 



Posicionamento das fibras no FLAMES 
(em menos de 15 min enquanto são feitas observações em outra placa) 
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FLAMES/Giraffe spectrograph with Ozpoz  
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View of the back of one Ozpoz 
plate where all the fibres are 
attached with magnetic buttons  

http://www.eso.org/sci/facilities/paranal/instruments/flames/inst/Giraffe.html 

Flat-field image in medusa mode with the same HR9 setup. Wavelenghts are increasing from 
right to left.  The vertical axis gives the position along the slit.  

Th-Ar calibration in medusa mode using the HR9 setup. Lambda 
increases from right to left. The Y- axis gives the position along the slit  
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2012A&A...538A.100L 

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012A%26A...538A.100L&db_key=AST&link_type=ABSTRACT&high=4f969dff2110444
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Deciphering the star-formation scenario of the Sh2-296 
nebula. Profa. Jane + Beatriz Fernandes 
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The Gemini GMOS fields (squares): Blue squares are used to indicate the new proposed 
observations, while green squares correspond to the fields for which the masks are ready. The 
red squares represent the fields where spectra have been previously acquired. 
CIRCULOS EM PRETO campos XXM (X-ray). CIRCULOS EM VERMELHO: campo do VLT/FLAMES 



Multi-object spectroscopy : Qual usar? 
IFU ? Longslit ? Multifenda? Multifibra? 
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Aglomerados Omega Cen (left) e 
47 Tuc (right) são aprox. do 
tamanho angular da Lua cheia 

GMOS IFU 
Field of view 
5"x7" 


