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Fig. 3 - VIRTIS-M: optical scheme

The bench is machined from a single aluminum alloy
billet and acts as a cold plate and optical support
structure that mounts onto the ledge of the Cold Box.
The internal -M box that covers the optics is made of
very thin walled aluminum and has no structural
support function.
The Offner spectrometer consists of a mirror and a
spherical convex diffraction grating housed in an
aluminum tube that is flange mounted to the telescope.
The diffraction grating and relay mirror are made of
glass. The grating and relays are fixed in place while
the slit and FPAs can be rotated for slit-groove-column
alignment. The FPAs are also axially adjusted to a tight
tolerance. Once the telescope and spectrometer are in

independent alignment, the spectrometer is mounted
and aligned to the telescope.
The IRFPA is operated at nominally 70 K by means of
a Stirling cycle cooler. The cold tip of the cooler is
connected to the FPA by copper thermal straps. The
CCD is operated at 155 K and mounted directly on the
spectrometer.

VIRTIS-H description
The High resolution channel (VIRTIS-H, see Fig. 4) is
an echelle spectrometer composed of two off-axis
parabolas, a cross-dispersion prism, a reflection
grating, and a focusing objective.
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Fig. 4 - VIRTIS-H: Optical scheme
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Virtis-H design

from Bonsignori et al. 1997
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Virtis-H detector

HgCdTe Raytheon/IRCOE  matrix

436 px

270 px
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Virtis-H detector

436 px

270 px
Order 0
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HgCdTe Raytheon/IRCOE  matrix
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Virtis-H detector

436 px

270 px Order 1
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HgCdTe Raytheon/IRCOE  matrix
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Virtis-H detector

436 px

270 px

Order 2
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HgCdTe Raytheon/IRCOE  matrix
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Virtis-H detector

436 px

270 px

Order 
7
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HgCdTe Raytheon/IRCOE  matrix
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436 px

270 px

Building a spectrum
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HgCdTe Raytheon/IRCOE  matrix
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Building a spectrum

10

Introduction       Corrections in backup mode      Variability      Final correction        Conclusion



F. ANDRIEU et al. : VIRTIS-H Calibration improvements, Colloque scientifique de la sfpt-gh, Montpellier, France, 17-18 Mai 2018  11

Introduction       Corrections in backup mode      Variability      Final correction        Conclusion

Building a spectrum
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Building a spectrum
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Order 0Order 2 Order 1Order 7
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AST2/RAW/H1_00237396920.QUB

Building a spectrum: hopes & dreams 
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Order 0Order 2 Order 1Order 7

RAW
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AST2/RAW/H1_00237396920.QUB

Building a spectrum: hopes & dreams 
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Order 0Order 2
Order 1

Order 7
CALIBRATED

Building a spectrum: hopes & dreams 
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AST2/RAW/H1_00237396920.QUB
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The hard truth:
The illuminated matrix does not look like this...
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... But like this

The hard truth:

MTP015/STP054/RAW/H1_00389083498
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A calibrated spectrum with no signal does not  
always look like this...
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The hard truth:
R

ad
ia

nc
e

Cube T1_00396877876.CAL (spectrum 1140) 
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The hard truth:
But sometimes like this...

R
ad

ia
nc

e

With stray light

Cube T1_00396877876.CAL (spectrum 1715) 
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Best solution so far: 

   1) Extracting typical straylight pattern:  
          masking & nearest neighbors filling in a backup cube 

   2) Convert to a spectrum 

3) Scale the straylight spectrum to remove it from the 
measure

Stray light removal:



F. ANDRIEU et al. : VIRTIS-H Calibration improvements, Colloque scientifique de la sfpt-gh, Montpellier, France, 17-18 Mai 2018  21

Introduction       Corrections in backup mode      Variability      Final correction        Conclusion

1) Extracting typical straylight pattern:  
          masking & nearest neighbors filling in a backup cube 

As is

MTP015/STP054/RAW/H1_00389083498

Stray light removal:
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Corrected

MTP015/STP054/RAW/H1_00389083498

Stray light removal:
1) Extracting typical straylight pattern:  
          masking & nearest neighbors filling in a backup cube 
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Strayligth

MTP015/STP054/RAW/H1_00389083498

1) Extracting typical straylight pattern:  
          masking & nearest neighbors filling in a backup cube 

Stray light removal:
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2) Convert this straylight into a spectrum:
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Strayligth

MTP015/STP054/RAW/H1_00389083498

Stray light removal:
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2) Convert this straylight into a spectrum:
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MTP015/STP054/RAW/H1_00389083498

RAW

Stray light removal:
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2) Convert this straylight into a spectrum:
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MTP015/STP054/RAW/H1_00389083498

« CALIBRATED »

Stray light removal:
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3) Scale the straylight spectrum and remove it from the measure
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As is

MTP015/STP054/RAW/H1_00389083498M

Stray light removal:
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Corrected

MTP015/STP054/RAW/H1_00389083498M

3) Scale the straylight spectrum and remove it from the measure

Stray light removal:
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Corrected 
+ 

merged

MTP015/STP054/RAW/H1_00389083498M

3) Scale the straylight spectrum and remove it from the measure

Stray light removal:
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Corrected 
+ 

merged
TF issue

MTP015/STP054/RAW/H1_00389083498M

Stray light removal:
3) Scale the straylight spectrum and remove it from the measure
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Corrected 
+ 

merged
TF issue

MTP015/STP054/RAW/H1_00389083498M

Stray light removal:
3) Scale the straylight spectrum and remove it from the measure

With
 a 

bac
ku

p 

cu
be: 

EASY C
ASE
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As is

Stray light removal:

Without a backup cube (most of the time):

T1_00396877876 (1715)
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As is

T1_00396877876 (1715)

Without a backup cube (most of the time):

Substract

Stray light removal:
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As is

Without a backup cube (most of the time):

T1_00396877876 (1715)

Stray light removal:
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As is

Without a backup cube (most of the time):

T1_00396877876 (1715)

NOT ENOUGH!!!

Stray light removal:
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Preliminary conclusions:  
       - From backup cube, straylight can be well corrected 

       - BUT: not so many backup cubes with straylight available 

       - Without backup a scaling of a typical straylight is NOT 
enough 
         
       - Backup and nominal cubes from different mission phases 
are need to be studied to get the evolution of stray light with time 
and geometry. 

       - finer scaling methods may be necessary



F. ANDRIEU et al. : VIRTIS-H Calibration improvements, Colloque scientifique de la sfpt-gh, Montpellier, France, 17-18 Mai 2018  37

Introduction       Corrections in backup mode      Variability      Final correction        Conclusion

Stray light: geometrical variations    
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Stray light: darks contamination?    
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 CALIBRATED at 3.0994 µm (order=2)
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T1_00396877876 DRK at 3.0994 µm (order=2)
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T1_00396877876 DRK at 3.0994 µm (order=2)
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T1_00396877876 RAW+DARK at 3.0994 µm (order=2)
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T1_00396877876 RAW+DARK at 3.0994 µm (order=2)
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T1_00396877876 RAW+DARK at 3.0994 µm (order=2)
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Stray light in the darks 

 - Detected in (some) dark measurements and visible in both 
interpolated and original darks 
 -  …but not in sky measurement at the same location  

Interpretation:  
Stray light in general related to a reflexion in the vicinity of 
the slit  
Input direction depends on shutter status (stray light in dark 
happen in different conditions) 

We should be able to correct it the same way as 
regular stray light        
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General method for removing stray light :  

  1) Find the closest (in time) model of stray light 
 23 models for regular 
 4 models for stray light affecting the darks (harder to detect, 
noisier 

  2) Scale it order by order 
  3) Remove the scaled model to the observation 

T1_00396877876 (1760) CALIBRATED
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Examples of stray light measurements and models  
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Examples of stray light measurements and models  
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Stray light removal

Before removal
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Stray light removal

After removal
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Stray light removal

Before removal
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Stray light removal

After removal



F. ANDRIEU et al. : VIRTIS-H Calibration improvements, Colloque scientifique de la sfpt-gh, Montpellier, France, 17-18 Mai 2018  64

Introduction       Corrections in backup mode      Variability      Final correction        Conclusion

Stray light removal

Before removal
Sometimes there seems to be a problem with the model 

Variability with the geometry and the time
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Stray light removal

After removal
Sometimes there seems to be a problem with the model 

Variability with the geometry and the time
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Conclusions:  

       - Stray light can be corrected (first order) in every 
observation 

       - 3 codes for correcting stray light are available 
      1 for a quick correction of a complete VH cube 
      1 for a best possible correction (tries every stray light 
model, almost finished) 
      1 for single spectra correction 

Perspectives:  
        
       We can now compare VH and VM on the 3.2µm band 
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Conclusions:  

       - Stray light can be corrected (first order) in every 
observation 

       - 3 codes for correcting stray light are available 
      1 for a quick correction of a complete VH cube 
      1 for a best possible correction (tries every stray light 
model, almost finished) 
      1 for single spectra correction 

Perspectives:  
        
       We can now compare VH and VM on the 3.2µm band 
    

3.2µm band attributed to  
organic species
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Conclusions:  

       - Stray light can be corrected (first order) in every 
observation 

       - 3 codes for correcting stray light are available 
      1 for a quick correction of a complete VH cube 
      1 for a best possible correction (tries every stray light 
model, almost finished) 
      1 for single spectra correction 

Perspectives:  
        
       We can now compare VH and VM on the 3.2µm band 
    

3.2µm band attributed to  
organic species
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Conclusions:  

       - Stray light can be corrected (first order) in every 
observation 

       - 3 codes for correcting stray light are available 
      1 for a quick correction of a complete VH cube 
      1 for a best possible correction (tries every stray light 
model, almost finished) 
      1 for single spectra correction 

Perspectives:  
        
       We can now compare VH and VM on the 3.2µm band 
    

3.2µm band attributed to  
organic species
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Conclusions:  

       - Stray light can be corrected (first order) in every 
observation 

       - 3 codes for correcting stray light are available 
      1 for a quick correction of a complete VH cube 
      1 for a best possible correction (tries every stray light 
model, almost finished) 
      1 for single spectra correction 

Perspectives:  
        
       We can now compare VH and VM on the 3.2µm band 
    

Thermal 
Contribution

Small stray light residual


