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3D spectroscopy or spectroscopic imaging 



3D spectroscopy (radio λs):  
an essential tool for aperture synthesis instruments 

     WSRT         VLA         ATCA          ALMA 

 KAT7        MeerKat         SKA       



3D spectroscopy (optical λs):  
an essential tool for 4m, VLT, ELTs and LST 

VLT             Keck          Gemini          GTC 

     SALT         E-ELT          TMT          JWST 



The Milky Way from Sutherland 
M31: nearby spiral in the Local Group 



Exponential disk model 



Flat Rotation Curve 



HI velocity field 

HI Rotation Curve 

HI gas distribution 





NGC 6946 

Carignan et al. 1990 





PhD thesis 
Marie-Maude de Denus-Baillargeon 
Université de Montréal 



SMC & LMC from Sutherland 

SMC: Small Magellanic Cloud 





Velocity Field 

Rotation Curve 

Jobin & Carignan 1990 



DDO 154 

Carignan & Freeman 1988 





Braun 1991 

Carignan et al. 2006 



Chemin, Carignan & Foster 2009) 

3 months of observing 
at DRAO – 7 x 9m 

Superposed on Thilker et al. 2004 – GBT data 



Chemin, Carignan & Foster 2009) 



Chemin, Carignan & Foster 2009) 

HI velocity field 
HI position-velocity diagram 



Chemin, Carignan & Foster 2009) 



Chemin, Carignan & Foster 2009) 



Kam Sié, PhD project in Montréal 

20 fields 
~ 10 nights 

on 1.6m 
telescope 



Multiplex observations  

R = 30000 @ Hα


10 cycles of 24 channels  

Narrow band 
Faint galaxies 

Broad band 
Bright stars 

• Avantages 

•  no readout noise 

•  fast readout of CCD 

•  easy OH removing  

•  faint fluxes 
observations 

• Disadvantages 

•  bright fluxes 
•  QE 20-25 %  



http://www.astro.umontreal.ca/fantomm/ 

Réducteur focal Panoramix 

Etalon Fabry Perot 

IPCS 

Light from telescope 

CFHT 
Hawaii 

ESO/La Silla 
Chili 
WHT 

La Palma 



  Blue = Observatoire du mont Mégantic (Québec, Canada) - OmM  
  Green = Canada-France-Hawaii Telescope (Hawaii) - CFHT  
  Red  = Observatoire de Haute Provence (France) - OHP 



Apply to Hα velocity field 

Thèse O. Hernandez 

Hernandez et al. (2005) 

NGC 4321 



Blue = Observatoire du mont Mégantic 
(Québec, Canada) - OmM  
Green = Canada France Hawaii 
Telescope (Hawaii) - CFHT  
Red  = Observatoire de Haute Provence 
(France) - OHP 
Black = ESO - La Silla 3.6m  



NGC 4438 = Prototype of a galaxy interacting with ram pressure 
stripping and companion 



  Blue = Observatoire du mont Mégantic (Québec, Canada) - OmM  
  Green = Canada-France-Hawaii Telescope (Hawaii) - CFHT  
  Red  = ESO - La Silla 3.6m (Chili) 



SINGS 
Kennicutt et al. 2003 





Hα distribution Hα velocity field 



B 3.6 µm 











NGC 3184 



Mdark/Mlum ~ 8.7 Mdark/Mlum ~ 4.6 

Blais-Ouellette et al. 1999 



http://www.astro.umontreal.ca/fantomm/sings/ 





http://www.mpia.de/THINGS/ 



Pixel size ~4.5” for a FOV ~40’ same system than on the 3,6m 



N-body + SPH simulations –  GADGET code 
(Hernandez et al. 2005) 



NGC 3351 

NGC 337 

NGC 4559 



Spano et al. 2006, GHASP sample 



 Épinat et al. 2006 



 Fôrster-Schreiber et al. 2006  Gernzel et al. 2006      z=2.4 







Spectroscopy, does not involve 
only a spectrograph… 

Collimator 
optics Dispersor Camera 

optics 
Receptor 

(detector) 
Light 

collection 
(Telescope) 

“spectrograph" 



Sampling of the « seeing » 

σ of the minimum detectable 
signal (limiting magnitude) 

Counting or integration ? 
Simple image or multiplex ? 

 Besides the basic characteristics (DQE, Δλ) : 



CCD’s 

E2V 44-90 



LAM + LAE 



EMCCD (L3CCD/e2v) 
Pixel 10-20 µ 

T° < 170 K 

Visible (0.4 µ – 1.1 µ ) 

DQE > 90% 

Size 1Kx1K (CCD097) 

(in fact: FT 1Kx2K) 

SAAO just bought one 

 Classical CCD’s with on-chip intensification electronics (into the registers) 
[EMCCD: Electron Multiplying CCD; LLLCCD: Low Light Level CCD] 

 Read-out noise < photon noise (limiting factor / CIC: Clock Induced charge 

 in integration (DQE ~ 45%) and photon counting (DQE ~ 90%) 

 Developments ( LAE/UCT – LAM) 

 Development e2V/LAE/LAM/UCT: 4Kx8K FT EMCCDs 

CCCP: CCD Controler for  
Counting Photons  

CIC < 0.0001 photon/pixel/image 
Daigle PhD thesis 

Started his company: NüVü 



NGC 7331 



Double Fabry-Perot  
Integral Field Spectrometer 



Double Fabry-Perot  
Integral Field Spectrometer 

Nasmyth 
derotator 



 NGC1365 observed with 
the TTF on the AAT 
(Veilleux et al. 2003) 

Example of metal 
abundance map obtained 

with a Tunable Filter 

Red continuum Hα  

[NII]  [NII] / Hα




Toward new challenges 

FaNTOmM is a resident instrument: 
  1.6m OMM 
  1.93m OHP 

FaNTOmM is a visiting instrument on: 
  3.6m CFHT  
  3.6m ESO/La Silla  

GHaFaS is a resident instrument: : 
  4.3m WHT 

Short term : 
  RSS (double etalons) on SALT 
  New EMCCD at Sutherland 

Medium term : 
  NTT : 3D–NTT 

Long term : 
  Collaboration with OSIRIS 

  New detector 
  4Kx4K FT EMCCD with LAM 
  QE ~ 90% with low CIC 

  New FP controller (PhD project 
of a PhD student from Burkina 
Faso in coll. with LAM 

  New FP etalon with LAM   



Conclusion 





The End 

Thank’s to UNISA 


