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6 different channels of the FWA (Filter Wheel Assembly)

Wide-band filter
(continuum)

550.8 nm
FWHM 29.5 nm 

+ Polariser 60°

+ Polariser 0° with respect to 
detector horizontal

+ Polariser 120°

Green line (Fe XIV, 2 MK)
530.45 nm 

FWHM 0.5 nm 

He I D3 line (prominences)
587.72 nm

FWHM 2 nm 

Narrow-band filters

• Filter wheel: observations are made in one channel at a given time
• Duration of FWA motion (“FWA delay”) = 1s per filter slot + 1s for precise positioning



ASPIICS passbands and coronal spectrum



A typical sequence of recorded images
Exposure time (s)Filter
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20
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Because of the high dynamic
range of the solar corona (3 
orders of magnitude in the 
ASPIICS FOV) and the more 
limited range of the ASPIICS 
detector, we record images in 
the same filter with different
exposure times



A typical set of 3 Wideband exposures

0.1 s 1 s 10 s



Proba-3 ASPIICS data levels (in short)

Level-1

Exposure
time=0.1 s

(WBF)

1s

10s

DN Mean Solar Brightness
(MSB)

Level-2 Level-3

Calibrated: 
• dark current
• flatfield
• non-linearity…

Mean Solar Brightness
(MSB)

• Exposures are merged in 1 single 
image

• Image is Sun-centred and Solar 
North is set up

• F corona is removed (in WBF)



Level-3: additional step in the Narrowband filters: “Onband calibration”

Merged WBF
(centred and rotated
but before removing
the F corona)

Merged “He I”

Merged “Fe XIV”

= Spectral line + K+ F continuum
In MSB

subtracted

He I

Fe XIV

= Spectral line only
In MSB

He I

Fe XIV

= Spectral line only
In photons/s/cm²/sr

(MSB)

(MSB)

(MSB)



How to estimate the continuum spectral variation from one filter to another?
Models of the K and F corona spectra

• AM0: “Air Mass 0” (ASTM-E490)

 No telluric lines

 Low resolution (1 nm), but suitable for our purpose 
(smoothing)

Spectral absorption lines with high resolution: 
Delbouille et al. (1972, 1981)



Fe XIV filter is the most sensitive to the fine structure of the F coronal spectrum

Depending if one uses the F or K 
corona spectrum, the total number
of photons equivalent to 1 MSB vary
by about 4%



But…

because of the large contribution of the F corona 
at large heights, the actual error on the the Fe XIV
line intensity gets large in the outer ASPIICS FOV, if 
one only uses the K corona spectrum

Rough model for estimation purpose: 
• K and F brightness with height from Koutchmy
• Fe XIV line from Kim (1997), extrapolated

above 1.5 Rs to follow the K corona trend 
(radiative excitation assumed, only). About 10%



Full equations, if one considers the difference between K and F corona spectrum



Full equations, if one considers the difference between K and F corona spectrum



In theory…

• The issue is less critical in the He I filter, because it is larger (2 nm
FHWM instead of 0.5), so less sensitive to the fine structure of the F
coronal spectrum

• Above the limb, emission in He I D3 should only be present in
prominences. So all the emission we see in coronal structures comes
from the continuum contribution, in theory
 sanity check!



… and in practice (He I, orbit 512 - 2026-01-28)



… and in practice (He I, orbit 512 - 2026-01-28)

Sanity check fails!

It seems we remove too much
continuum… 

Instead of 0, about -10% 
residual of the continuum 
contribution (reconstructed
from Wideband filter) that was
removed



Is it because of a mismatch between the on-ground and in-flight calibration 
parameters?

In flight, with ”HDD” it is possible to
illuminate the instrument with the direct
sunlight, through a small hole+diffuser in
the closed door (also used to monitor
flatfield).
 We can measure the in-flight ratio of
throughput of the He and Fe filters to
Wideband throughput

Correction of bias+dark current, but not:
• Flatfield (because we measure an

average, and flatfield is the deviation
from this average)

• Non-linearity (because we take exposure
times that provide the same number of
DN  9000 )

Example of illuminated HDD measurement in Wideband filter



Is it because of a mismatch between the on-ground and in-flight calibration 
parameters?

In flight, with ”HDD” it is possible to
illuminate the instrument with the direct
sunlight, through a small hole+diffuser in
the closed door (also used to monitor
flatfield).
 We can measure the in-flight ratio of
throughput of the He and Fe filters to
Wideband throughput

Correction of bias+dark current, but not:
• Flatfield (because we measure an

average, and flatfield is the deviation
from this average)

• Non-linearity (because we take exposure
times that provide the same number of
DN  9000 )

(same but now cropped to remove the vignetted areas)



Reasoning

• The idea is that if we aim directly at the Sun (door closed, illuminated
HDD), the ratio in the He I and Wideband filters should be the same
as when we look in the corona (except in prominences), because we
only see continuum in both He I and WBF filters in these conditions.

• The new calibration is expected to solve the anomaly (=negative
values in the He I continuum-subtracted images)



Ratios of in-flight HDD response of NBF to WBF
(before conversion to MSB, i.e. data in DN/s)

• Ratio of response in Fe XIV compared to WBF: 0.0173731 +/- 0.00207343
 Previous (onground calibration): 0.0153814
 Correction “to be applied” compared to on-ground calibration:  +11 %

• Ratio of response in He I compared to WBF: 0.0753966 +/- 0.00777058
 Previous (onground calibration): 0.0754237
 Correction “to be applied” compared to on-ground calibration :  -0.04 %

• Paradoxical result: the He I sanity check fails by about 10% in real coronal images, but in-flight calibration
says that nothing has changed for this filter since the on-ground calibration!

• Now the in-flight calibration says we should modify the calibration of the Fe XIV filter by 11%, but can we
really “correct” the Fe XIV images, if the sanity check of He I images is not consistent?

• Sergei Shestov: “There are things we do not understand in the ASPIICS calibration”

 In the next slides, we still use the on-ground calibration



More analysis of the He I coronal data (orbit 512 - 2026-01-28)

Wideband reference image Ratio of brightness He filter/WBF

Reminder: the ratio should be 1 every where except in prominences



More analysis of the He I coronal data (orbit 512 - 2026-01-28)

Wideband reference image Ratio of brightness He filter/WBF

Horizontal cut



More analysis of the He I coronal data (orbit 512 - 2026-01-28)

Wideband reference image Ratio of brightness He filter/WBF



More analysis of the He I coronal data (orbit 512 - 2026-01-28)

Wideband reference image Ratio of brightness He filter/WBF

Plateau, but not =1: 
calibration issue? Other? 



More analysis of the He I coronal data (orbit 512 - 2026-01-28)

Wideband reference image Ratio of brightness He filter/WBF

Plateau, but not =1: 
calibration issue? Other? 

Reason of the decrease? 
- Non-linearity of the 

detector?
- Difference in photon-to-

MSB conversion in the F and 
K corona contributions?

- … ?



Fe XIV coronal data (orbit 512 - 2026-01-28)
Wideband reference image Ratio of brightness Fe filter/WBF

(Before continuum subtraction in Fe XIV)



Fe XIV coronal data (orbit 512 - 2026-01-28)
Wideband reference image Ratio of brightness Fe filter/WBF



Fe XIV contrast (Fe XIV line emission/continuum brightness)
Wideband reference image Ratio of brightness Fe XIV line/continuum



Conclusions

• Some interesting preliminary results of the distribution of Fe XIV line
emission in the corona, although be careful that the continuum subtraction
emphasises the artefacts in this filter

• The Fe XIV filter radiometric calibration may need to be updated now, after
the in-flight calibration. Additional possibility to compare with Aditya/VELC
(same passband, full spectral profile)

• The onband calibration needs to be further refined, actually possibly by
coming back to the initial design of the method, taking into account the
different number of photons/nm coming from the K or the F corona
continuum.


