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Introduction to Comets 
    Remnant of the birth of the Solar system, a comet has a nucleus 

of water ice mixed with dust and different molecules, mainly CO 
and CO2,‘’the dirty snowball’’. 

    When approaching the Sun (R< 3 AU) gas and dust are ejected 
because of water sublimation, creating different large scale 
structures: 
→ Coma 
→ Dust tail 
→ Ion tail 

 

 

     

 

 

 

 

 

Comet Hale-Bopp 
as visible in 1997 
(credit ESO/Slawik) 

Many images taken but 
SITELLE can provide for the 
first time the possibility of 
making spectro-imaging on a 
wide field around the nucleus 
of the chemical components of 
these structures to understand 
the process of their formation 
and evolution.     



Emission spectrum observed in comets:  

Sun 

Earth : emission spectrum + solar continuum 

Comet = gas + dust 



O C 

O C O 

C 
H 

H H C H H 
H 

O H H 

O 
H H C H N 

H O C 
H 

H H 

H H H N 

S C S 

S H H 

H 
H 

H 
H 
C 

C H O H 

C H C H 

   The solar UV radiations dissociate parent molecules from the 
dust and create radicals, ions and atoms. 
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Molecules & radicals which form the atmosphere of comets 
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First high resolution spectrum 
of a comet: UVES 

C/2000 WM1 (LINEAR) 

mr = ~8.0  
1 hr exposure 
R = ~80 000   (0.013 Å/pixel) 

CN 
at 388 nm 

échelle spectrum 
(326-445nm) 

UVES Slit viewer 

slit= 0.5” x 10”  
500 x 10,000 km 

Arpigny C., Jehin E. et al. Science 2003 

échelle spectrum 
(476-684 nm) 

NH at 
336 nm 

Bands  of  C2  at ~500 nm 

C3 
at 405 nm 

  VLT 

ß OH 

But only with a narrow slit = a very small field 



Atomic oxygen emission lines 
Ø   Three forbidden emission lines at 5577.339 Å (green line),  

  6300.304 Å and 6363.776 Å (red lines) observed in cometary    
spectra 

Ø   Different possible origins of the oxygen atoms: H2O, CO2 and CO. 

Ø   The Green/Red ratio intensities make possible to distinguish the 
parent molecule. 

Ø   Recent studies indicate that H2O is the main parent molecule for 
heliocentric distances R ≤ 2.5 AU while CO2 dominates for  
 R ≥ 2.5 au. 

Ø   Different molecules can create oxygen atoms at a same heliocentric 
distance.  

  
 

 

 

Such studies need a 2D mapping of the inner coma 
becoming possible with SITELLE 



The three oxygen lines observed with 
UVES at VLT in comet 8P/Tuttle (Decock 
et al. 2013). 
 
 
Each line has a telluric counterpart that 
appears shifted by the Doppler effect.  

The oxygen lines 



Sodium emission lines 
Ø Presence of sodium in cometary comas known for a long time from 

observation of the Na doublet (589.2, 589.8 nm) in emission  
Ø Sodium tail detected for the first time on a Schmidt plate with an 

objective prism (1960), rediscovered from images through a Na filter  
of comet Hale-Bopp (Cremonese et al., 1997)  

Ø A diffuse sodium tail in a different direction superimposed on the 
dust tail discovered on the same comet (Wilson et al. 1998) 

Ø  From spectroscopy with a slit spectrometer, observation of different 
line profiles along the Na tails 

  Two distinct sources for cometary  
  sodium : 

→ the nucleus 
→ an extended source (dust) 

 

   
 

  

 

 

 

          Na emission lines observed in 
          Comet Hale-Bopp  
          (Cremonese et al., 1997)    



narrow 
Na tail  

Comet 2012 S1 can give the opportunity to reobserve the Na tails since Hale-Bopp 

What is the origin of the sodium tails? 
→ plasma source  
→ sodium-bearing molecules  
→ direct nucleus source    

Most of the sodium probably confined in cometary dust.  
The ejection mechanism from dust grains unclear. 

dust  tail 

ionic tail 
H2 O+  



Observation of cometary radicals 

 

  

 

 

 

Ø  2D mapping of the main cometary radicals (CN, C2, C3, CH) coming   
from the dust grain to study their origin: nucleus vs diffuse source 
Ø  2D mapping of the continuum emission for comparison 
 

CN 388.3 nm 

C3 405.2 nm 

CH 431.3 nm 

C2 516.7 nm 

Many radical spectra in the visible range  



Comet C/2012 S1 ISON 
Ø   Discovered on 21 Sept. 2012 by a 40-cm russian telescope of the 

ISON network (International Scientific Optical Network) 
Ø   Perihelion passage 28 november 2013. 
Ø   Expected V = - 4 at its maximum brightness !! 
Ø Unusually small  
    heliocentric distance  
    at perihelion:  

 only 0.012 AU ≈ 2 Rʘ 

 

 

 



log (0.012) = -1.92  





Observations of comet 2012 S1 
Proposal: use of the SITELLE science verification time to observe C/2012 S1 

With as conditions: 
•  observation before sunrise  Sun < 18˚ 
•  comet elevation  > 15˚ above horizon 
•  observing time ≥ 1 h  

Two possible periods: 
•  before perihelion = before Nov. 7th, 2013  mv  ≥ 6 
•  after perihelion = after Dec. 23rd, 2013 mv  ≥ 4 
•  passage at 0.43 AU from the Earth at the end of December  

Resolution: the maximum resolution possible with SITELLE (≈ 15,000) 
                     is needed to separate the cometary lines from their telluric  
                     counterparts in the case of Na and O.  

Filters: 
•  540 – 650 nm: to observe the Na doublet and the 3 oxygen lines 
•  500 – 560 nm: to observe C2 Δv = 0, -1 
•  375 – 440 nm: to observe CN Δv = 0, -1, CH , C3 
•  375 – 650 nm: broad filter for a low resolution survey (R ≈ 1500) of the 
                            main radical bands 





CONCLUSION: what SITELLE can 
do with comet C/2012 S1 ISON 

Ø Sodium mapping on a wide field: correlation with  
  → nucleus  
  → dust jets  
  → dust tail 
  → plasma tail (H2O+) 
  → other emission lines 

    New observational constraints for modelling sodium origin. 

Ø Oxygen lines mapping on a wide field: measurement of intensity 
ratios for determining the origin of the observed lines, possibly at 
different cometocentric distances 

Ø   Mapping of main radicals on a wide field: to know where these 
radicals come from (nucleus or diffuse source).   

Ø  Test of the cometary science with SITELLE for such future targets 
of opportunity 

 

 

 


