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Multi-object spectroscopy

• Multi-object spectrographs
(long slit, multi-slit, multi-fibers, IFU)
• Some applications

Bibliography: To Measure the Sky, Kitchin, Lena and 
others ...

Prof. Jorge Meléndez
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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 : from 
N to  E, S, W
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Binary stellar system
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PA = 135°

Veriffy always the definition  
adopted by the instrument 
(usually N  E.S.W.)



Position angle
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Radio Galaxy (Virgo A) with jet
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S



Observing bulge stars in the infrared with Phoenix : 
Echelle but single order … 
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Brighter: I – 156
Fainter: I - 158



High resolution IR spectroscopy with Phoenix at Gemini 
South
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Echelle, but single order
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 slit  slit Data reduction in the infrared : one star 
observed at positions A & B

To subtract the 
sky (& dark) we 
do A-B and B-A
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Long slit spectroscopy
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Cut in the spatial direction for PA = 43°



Slit on the focal plane
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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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Spectra on the CCD

Sky 
lines

Comprimento da 
fenda no CCD
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Instrument 
support 

structure

GMOS Gemini
Multi-Object 
Spectrograph



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

16NGC 628 = M 74

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



GMOS long-slit
Resolving power

8800

4400

500

The slit has some length, rather than 
being a “hole”, because we need to 
observe the sky emission as well 



GMOS long-slit
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2009 MNRAS, 395, 28
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Dwarf stars (V)

Giant stars (III)
Flux



Cluster
NGC 1851
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simple stellar populations (SSP) models
For several ages and metallicities

MacArthur et al. 2009



GMOS 
long-slit
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2009 MNRAS, 395, 28



GMOS 
long-slit
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2009 MNRAS, 395, 28



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
• Masks designed from object catalogs 
• 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 or 7 arcmin for FORS2/VLT) 

• 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
• IDL-based data reduction pipeline 27
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https://www2.keck.hawaii.edu/inst/deimos/dsim.html

If you don’t have a preferred orientation on the sky, then put the slit 
at the parallactic angle (position from the object to the Zenith), also 
known as slit in the “vertical” position.
 slit aligned vertically, to avoid losses in the blue to UV region
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http://star-www.st-and.ac.uk/~fv/webnotes/chapter7.htm

Parallactic 
angle q

Object: X
Observer’s latitude: φ 
Zenith: Z
Celestial North Pole: P
Declination: δ
Azimuth: A
Altitude: a

Sides of triangle:PZ:  90°- φ.ZX: 
90°- a.PX: 90°- δ.

Angles of triangle:At P is H, the 
local Hour AngleAt Z is 360°-AAt 
X is q, the parallactic angle

If you don’t have a preferred orientation on 
the sky, then put the slit at the parallactic 

angle q, a.k.a. as “vertical” position.

φ

90 - φ
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https://www2.keck.hawaii.edu/inst/deimos/gratings.html
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https://www2.keck.hawaii.edu/inst/deimos/filter_list.html



32

Instrumentation 
at ESO Paranal 
Observatory 
2015

1999

2002

2017

2015

2009
2000
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Doctoral thesis, Harald Nicklas, Göttingen 2005

Partnership: Göttingen, München, Heidelberg
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FORS2 (1999)
Still operating, 
currently on VLT2

FORS1 (1998)
Decommissioned in 
2009 to make room 
for X-Shooter

FORS: FOcal Reducer 
& low dispersion 

Spectrograph



35f/2.8 (F = 16 mm) wide field lens

São Paulo,  as seen from Butantã, 6 May 2018



36X 0.75  f/2.1 (F = 12mm) 

Focal reducer  wider field

f/2.8 (F = 16 mm)



37f/2.8 (F = 16 mm) X 0.75  f/2.1 (F = 12mm) 

Focal reducer  wider field
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Beautiful spiral 
galaxy NGC 
1232.
It was one of 
the first 
images taken 
by the 
fantastic FORS 
instrument at 
VLT/ESO, 1998



FORS2• Imaging

• Spectroscopy

39
[1] In longslit spectroscopy, there is a set of 9 slits with fixed width between 0.3'' and 2.5''.
[2] In multiobject spectroscopy one may have 19 slitlets

Field 6.8' x 6.8’ or 4.25' x 4.25’
Reduce focal ratio by 4.4 or 2.2 

19 slits
80 slits
or <470 narrow regions

MIT is the default CCD (2kx4k); E2V is more sensible in the 
blue, but strong fringing above 650nm [only visitor mode]
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Calibration arcs for multi-slit MXU
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Abell 1689
© Hubble
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© Guillermo, Melanie, Emanuela, Micaela 

Ultra compact dwarf 
galaxies in Abell 1689
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VLT/FORS2 
spectroscopy 
in the 
GOODS-South 
field

Vanzella et al. 2004

Great Observatories 
Origins Deep Survey 



44© Jacob Bean

EXOPLANET ATMOSPHERES



45Fortney et al. 2010, ApJ, 709, 1396

Models of transit spectroscopy: planet radius vs. 

T =
2500 K

2000 K

1500 K

1000 K

500 K



Exoplanets with FORS2: WASP17
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Fig. 1. 10′ × 10′ plot 
encompassing the 
FoV of FORS2 (green 
box) and the area 
covered by the 2 (2k 
× 4k) MIT chip 
mosaic (in blue). The 
exact design and 
location of the MXU 
slits, with the 
relevant target 
designations are also 
shown. The grey 
regions are the 
sections of the CCD 
used for recording 
the individual stellar 
spectra.

Sedaghati et al. 2016
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Fig. 7. Spectrophotometric light 
curves for the transit of WASP-
17b, produced with bins of 100 
Å 

Sedaghati et al. 2016



Potassium detected in WASP-17?

48Sedaghati et al. 2016
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Figure 2 | WASP-19b transmission spectrum. Blue, green and red data points correspond to 
observations made using the 600B, 600RI and 600z grisms, respectively. The best-fitting 
spectrum is shown as a red curve and yellow points at a representative R = 3,000 

TiO (& H2O) detected in exoplanet WASP-19b with FORS2/VLT

Sedaghati et al. 2017

https://www.eso.org/public/usa/images/eso1729b/



Integral Field Spectroscopy (IFU)

50

Microlenses
+ fibers

slit Spectra on 
detector



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

51



https://www.gemini.edu/sciops/instruments/gmos/integral-field-spectroscopy/basic-design
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Each lens 0.2”, in total cover 5”x7” arcsec
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MUSE (Multi Unit Spectroscopic Explorer) 
at the VLT/ESO: IFUs to the next level

54

MUSE splits the adaptive optics 
corrected field of view in 24 
sub-fields (24 IFU spectrographs 
at the VLT Nasmyth focus!)
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Wide field:
Narrow field:

MUSE/VLT has a wide field with 
the same pixel scale (0.2” / pixel) 
as GMOS/Gemini, but covering 
60x60” rather than 5x7” 



Splitting the MUSE field of view into 24 
sub-fields ( 24 IFU spectrographs)

57
https://www.eso.org/sci/facilities/paranal/instruments/muse/doc/ESO-
261650_MUSE_User_Manual_8p2.pdf



Multi-object spectroscopy with fibers
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Focal Plane

Slit

Spectra on CCD

M80 globular cluster
Fibers

Good for not-so-close objects, 
allows to cover a wide field



Fibers are positioned using magnetic 
buttons

59

light
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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 (compared to 5-25 arcmin in 8-10m 
telescopes)

• 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
(and 400 more spectra on blue side)
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Sky subtraction with 2dF/AAOmega
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espectro do céu

espectro do quasar 
após subtração do céu



Automatic reduction at 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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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) 70



Fiber positioning at FLAMES
(< 15 min while observations are being performed on the other plate)
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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 



742012A&A...538A.100L

http://adsabs.harvard.edu/cgi-bin/nph-data_query?bibcode=2012A&A...538A.100L&db_key=AST&link_type=ABSTRACT&high=4f969dff2110444
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VLT/FLAMES 
multi-object 
spectroscopy
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With ESO VLT/FLAMES multi-
object medium & high-resolution 
spectroscopy, Europeans quickly 
beat the Americans studying 
globular clusters, who were doing 
just one star at a time



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.
BLACK CIRCLES: XXM fields (X-ray). CIRCLES: VLT/FLAMES field



The future for multi-object fiber spectroscopy at ESO: 
4MOST (4m VISTA/ESO telescope with FOV of 4 degrees 
& 2436 fibers)

78

Most of the 4MOST science time will be devoted to Community 
surveys, but PI science possible. A distinctive advantage of 

4MOST lies in the capability to carry out many different science 
programs in parallel  small programs possible



Multi-object fiber spectroscopy in the North.
Prime Focus Spectrograph at 8m Subaru:
- FOV of 1.3 degrees
- 2400 fibers distributed 
among 4 spectrographs
- Each spectrograph
has 3 channels
(blue, red, NIR)
covering 380-1260nm
- Low or medium
resolution



Multi-object spectroscopy : which one?
IFU ? Longslit ? Multislit? Multifiber?

80

Aglomerados Omega Cen (left) e 
47 Tuc (right) são aprox. do 
tamanho angular da Lua cheia

GMOS IFU
Field of view
5"x7"
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