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SITELLE in a nutshell

* Imaging Fourier transform spectrometer

* FoV:  11 x 11 arcminutes
* R = 1 ~ 20 000
* Filter-selected bandpasses
* 350 - 900 nm [50% CCD]

* Detectors: e2v CCDs
* 2048 x 2064 pixels, 0.32’’

=> 4.2 million spectra
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One spectrum for every pixel!

NGC 5055, SpIOMM (Observatoire du Mont Mégantic)
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Other Imaging FTS on Mauna Kea

BEAR (CFHT ~ 1992
 Maillard & Simons)

SCUBA2-FTS2 (2012 / Naylor et al.)
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SpIOMM: a prototype for 
SITELLE

Observatoire du Mont 
Mégantic (1.6-m)

FOV: 12’ x 12’
0.55’’/pixel
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CHAPTER  I -
A (BRIEF) TECHNICAL INTRODUCTION 
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Imaging FTS = 
Michelson 

interferometer + 
imaging optics
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At the core of a Fourier transform spectrometer: 
a Michelson interferometer
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Tests in the lab

Integration sphere

Interferogram

375 nm LED

HeNe laser 
(632 nm)

Fourier 
transform

Spectrum
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SITELLE & SpIOMM:   
Two output ports
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Modulation efficiency: definition

If ME = 0%, spatial information remains but 
no spectral information can be extracted 
from the cube.

100%
50%
0%

Good!

Bad!
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Modulation efficiency: optics quality

Much easier in the infrared!
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Modulation efficiency: mirror alignment

Aligné Faiblement 
désaligné 

Fortement 
désaligné 

Détecteur 

α 

Bon contraste 
des franges 

Much easier in the infrared!
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Modulation efficiency: mirror jitter

Much easier in the infrared!

Maximum 
mirror position 
jitter during an 

exposure
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Modulation efficiency: summary
Although the principle behind an 
imaging FTS is simple, it is very difficult 
to obtain a good efficiency in the 
visible & near UV:

* Excellent surface quality for the 
optical components (~ 10 nm);

* Precise and stable mirror alignment 
(0.2 μrad = 0.04’’);

* Maintain their relative distance, 
during an exposure, to better than 
~ 10 nm (1/5000th the diameter of a 
human hair.

50 μm

human hair
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Metrology beam
 (1550 nm laser)

Beamsplitter/
compensator

Metrology 1D detectors

Mirror with 
actuators 
(piezos)

OPD

Piezos 
controllers

Fixed mirror

A key 
component: 
the servo 
system (8 

kHz)

SpIOMM
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Source

Michelson + imaging optics 
+ CCD = Imaging FTS

The spectral range is NOT 
scanned. The entire waveband is 
observed at every step.

12’
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Source

Cygnus Loop SNR Hα & [NII]
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[NII] 

[NII] 

[SII] 
Hα 

Interferogram Spectrum

Hα [NII]
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ave
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gth

12’
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Typical observations:

* Red filter (650 - 680 nm): 350 steps - R ~ 2000
* Blue filter (475 - 510 nm): 150 steps - R ~ 600
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CHAPTER  II -
RECENT HIGHLIGHTS FROM SPIOMM
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Mont Mégantic Observatory, 1.6-m
SpIOMM: 12’ x 12’ FOV

Two CCDs (1340 x 1300; 2k x 2k)
Spectral resolution: R ~ 1 - 20 000
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Hα/[NII]

Étude de l’impact des vents et de 
la radiation UV des étoiles 
massives sur le milieu interstellaire

Impacts of stellar winds and UV radiation on the ISM

MNRAS,  420, 2280 (2012)
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[SII]/[NII]

Étude de l’impact des vents et de 
la radiation UV des étoiles 
massives sur le milieu interstellaire

MNRAS,  420, 2280 (2012)
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Cas A supernova remnant

Alexandre Alarie, Ph. D.

Doppler image

Up to +3000 km/s

Up to -3000 km/s

~ 100 km/s
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Hubble/WFPC2
2001/2009SpIOMM - 2010 [NII] SpIOMM - Doppler 

SpIOMM: radial velocity

Hubble: tangential velocity 
(proper motions)

SpIOMM - 2010 
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Hubble/WFPC2
2001/2009SpIOMM - 2010 [NII] SpIOMM - Doppler 

SpIOMM: radial velocity

Hubble: tangential velocity 
(proper motions)

SpIOMM - 2010 
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Hubble Space Telescope

SpIOMM - 3D (from [SII] doublet)
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Works in near UV 
as well!

SITELLE will be ~ 
20 times more 
sensitive in the UV 
than SpIOMM

[OII] 3727 [NeIII] 3969
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Galaxies

Laurie Rousseau-Nepton (Ph. D.)
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Galaxies

Laurie Rousseau-Nepton (Ph. D.)
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Galaxies

Laurie Rousseau-Nepton (Ph. D.)
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Broadband (475 - 680 nm) Hα + red continuum

6h SpIOMM ~ 50 min SITELLE

NGC 3344NGC 3344

9’

Filter edge
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M101

Metallicity

Age
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M101

Metallicity

Age
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Doppler
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Doppler
[NII]/Ha
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M87

HST

SpIOMM

Sébastien Lavoie, M. Sc. 
(see his poster!)

Friday, June 7, 13



M87

HST

SpIOMM

Sébastien Lavoie, M. Sc. 
(see his poster!)

Na 5896
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Spectromètre Imageur à Transformée (de 
Fourier) pour l’Etude en Long et en Large 
(de raies d’) Emission 

CHAPTER  III - SITELLE
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SITELLE  team

Laurent Drissen (PI)
Simon Thibault (opt. design)

Thomas Martin (software) 
Carmelle Robert
Gilles Joncas
Denis Brousseau
Alexandre Alarie, Sébastien 
Lavoie, Antoine Bilodeau 

Philippe Vallée (opto-mechanics)

Olivier Hernandez ($$$)

Julie Mandar (Syst. Eng.)

Frédéric Grandmont (Syst. Eng.)

Guillaume Thériault (PM)

Éric Carbonneau, Marie-Ève Duplain, 
Louis-Philippe Bibeau, Fabien 

Lalisse,Martin Larouche, Patrick Gilbert, 
Sylvio Laplante, Hugo Savard, Steve 

Lévesque, Stéphane Lemelin 

Marc Baril
Kevin Ho

Tom Benedict
Greg Barrick

Glenn Morrison, Jim Thomas
Kanoa Withington,Daniel Devost
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Julie Mandar (ABB - lead engineer)
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Julie Mandar (ABB - lead engineer)
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Modulation efficiency
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QE @ 370 nm: 60% 

low fringing in the red

2k x 2k
ron: <4e

read time: 3s
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(3.5m - 11’ x 11’, ff = 1)

(8m - 1’ x 1’, ff = 1)

(9m - 16’ x 16’, ff = 0.1)

Comparison - throughput

(3.6m - 11’ x 11’, ff = 1
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Optical design (Simon Thibault, U. Laval)

FBFL: 43mm (BFL = 62mm) 
Collimated space:  510mm/510mm 
Collimator: 752mm 
Camera: 319mm 

CaF2
PBL6Y

S-FSL5Y
Fused Silica

F2HT

PUPIL (90mm)

COLLIMATOR CAMERAS (2)
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10 pixels X 10 pixels  
Waveband 650-680nm  

FHWM <  0.4’’ 
FOV:  11’X11’ 

1’’

<0.7’’ for wide bands (200 nm) 
across the visible
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Collimator

Camera

Cryostat

Philippe Vallée, 
UdeM
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In the lab at UdeM, April 30th
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Some lenses...
(Laval, COPL)
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Data simulator
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Data simulator
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Data simulator
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Data simulator
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Data simulator
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Data simulator
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Data simulator
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Inclure données du simulateur, Lyalpha ou abs..
Parler de ORBS, data reduction

Data reduction: ORBS (Thomas Martin, Laval)
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Status of SITELLE

*  Funded by CFI (2.8 M$ out of 11.7M$, R. Doyon PI) 2009
*  Preliminary design review: February 2012 ✓
* Critical design review: 27 - 28 June 2012 ✓
* Assembly star ted in September 2012✓

- Global structure
- Interferometer
- Optics
- CCDs
- Software
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Status of SITELLE

* Delivery date to CFHT: Early fall 2013
* Commissioning: fall 2013
* Shared-risk : 2014A?

Summer 2013!

Friday, June 7, 13



Pros & Cons of  SITELLE

Pros:
* Wide Field of View IFU
* High troughput, from 350 to 950 nm
* No need for image reconstruction
* Deep image + one spectrum for every pixel
* Very flexible in terms of spectral & spatial resolution
[Unbeatable for extended, emission-line sources]

Cons:
* Compromise between simultaneous spectral coverage 
and spectral resolution
* Distributed noise (not optimal for absorption)
[Not good for individual stars]

[OII] 3727, z ~ 0 - 0.8
Ly alpha, z ~ 1.8 ~ 4
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SITELLE science workshop
Wendake (Québec), 11 - 14 May 2013

** An introduction to imaging FTS
** SITELLE’s capabilities
** CFHT plans for SITELLE (commissionning, shared risk,    
call for proposals, large projects, ...)
** Science: ISM, nearby galaxies, galaxy clusters, cosmology
** A visit to ABB (SITELLE testing)
** Choice of filters
** Everyone welcome!
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SITELLE science workshop
Wendake (Québec), 11 - 14 May 2013
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ADDITIONAL SLIDES
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Antoine Bilodeau
(B. Sc.)
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SpIOMM
V~ 15 field stars
(530 - 630 nm)

M star

white dwarf

G star

M star

Can FTS do absorption??? 
Yes, we can!
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FTS: Instrument line function - Spectral resolution

f (x) : infinite sine wave
g(x) : instrumental function

FT f (x) ⋅ g(x)[ ] = f (x) ⋅ g(x)
−∞

∞

∫ e− iω xdx = F ω( )⊗G ω( )
convolution of FT(sine wave) 
with instrumental function

Contributors to instrument function:
* Sampling errors
* Modulation efficiency variations
* Truncation of interferogram (finite total exposure)
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FTS: Instrument line function - Finite interferogram

Instrument function = FT boxcar x( )⎡⎣ ⎤⎦ = 2d
sin ωd( )
ωd

Finite interferogram ==> 
sinc function

-d dzpd
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FTS: Instrument line function - Monochromatic source
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Instrument function = FT boxcar x( )⎡⎣ ⎤⎦ = 2d
sin ωd( )
ωd

FWHM ~ 0.6
Δxmax

Spectral resolution is directly proportional to the total optical 
path difference (properly) sampled by the Michelson

Maximal 
Optical Path 
Difference
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Hα + [NII]

Hα + [NII]

Wolf-Rayet nebula M1-67

Hα 

[NII]

[SII]

Thomas Martin, Ph. D.
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Hα 
[NII] 
[SII] 

+2400 km/s

-2800 km/s

quasi-stationary 
floculi

[SII]

[SII]

Cas A supernova remnant
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M63 - rotation
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M63 - rotation
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M63 - rotation
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M63 - rotation
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What about variable sky transparency?
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3.5 hours

Sky transparency

Sky emission
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3.5 hours

Sky transparency

Sky emissionEnthusiastic 
student!

Friday, June 7, 13



3.5 hours
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Sky emissionEnthusiastic 
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Reflections of 
village lights on 

clouds
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3.5 hours

Sky transparency

ZPD!

Sky emissionEnthusiastic 
student!

Reflections of 
village lights on 

clouds
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Sky transparency

Star interferogram 
after correction:

cam1-cam2
cam1+cam2
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Star interferogram 
after correction:

cam1-cam2
cam1+cam2

Star spectrum

Hβ
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A few Other Imaging FTS

BEAR (CFHT ~ 1992 / Simons & Maillard)

SCUBA2-FTS2 (2012 / Naylor et al.)

Herschel SPIRE-FTS
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Hg doublet 577 + 579 nmHeNe 632 nm

BlackbodySimulations of 
interferograms (175 nm 
sampling)
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