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All conventional solar telescopes, including some planned new  solar instruments, suffer from the problem of instrumental scattering, starting from the diffraction at the edge of the pupil, without talking 
about the fatal effect of a central obscuration. 90 Years ago, B. Lyot proposed the use of a free aperture apodized system to resolve this problem and he succeeded in showing for the 1st time the solar corona 
outside of total solar eclipses. Low level linear polarization measurements were also done. Several fundamental problems of solar physics (origin of the chromospheric and coronal heating, mass losses, 
explosive release of energy, etc.) are still waiting the development of a large aperture coronagraph-quality instrument capable of providing measurements out of the photospheric limb, from the meso-
sphere to the corona, with appropriate resolutions. The so-called transition region could finally be resolved and the feet and origin of spicules be discovered, as well as coronal jets be studied simultaneously 
with what is done with space-borne instruments. In addition, such instrument will permit the study of coronal phenomena at high spectro-spatio-temporal resolution for resolving the complex MHD 
problems, including the ubiquitous magnetic reconnections in turbulent plasma structures and the generation of waves eventually leading to eruptive processes at different scales. The upward permanent 
flow of coronal Alfven and kink waves generated near the surface could also directly be measured, including the spatio-temporal variations of the magnetic vector. Even flare kernels above the limb could 
spectrally be studied to analyze the processes of release leading to high amplitude accelerations. The concept of such new instrument was proposed and tested more than 20 Years ago. It is the Mirror 
Advanced technology Coronagraph (MAC). The concept is used in the giant ATST which, for additional reasons, became a new generation solar telescope to be put at Haleakala-Hawaii, with great hope that 
it could also be used as a coronagraph in the thermal IR region. We still believe the concept could also work in the near IR, the visible and even the near UV region, where, beside cool emission lines, many 
forbidden coronal lines of different temperature sensitivity are available with adequate Doppler-Fizeau and polarization response to the emerging magneto-plasma structures. We remind what should be the 
main parameters of such achromatic instrument with a design using an additional apodization system of the main super-polished mirror that is now proposed to incorporate (Cl. Aime). Such fundamental 
research quality instrument should be put at a high altitude site with low levels of solar aureola effect, like the Pic du Midi site in France, or sites available in China, India, USA, Russia and other countries, 
even at the S-pole, following carefully planned steps which include low-cost prototypes like the Mirror Advanced Coronagraphs (MAC).  Finally, this coronagraph could be a unique polarimetric  instrument for 

the search of exo-planets and accretion disks at night.  

 
Why a MIRROR coronagraph instead of the original Lyot design?  

 
The large chromatism of the primary lens makes impossible the use of a large spectral range;  

implies over-occultation (no limb studies)   
Heat in focal plane adding internal turbulence; variable size occulting disk producing over-occultation and 

cannot precisely be the conjugate of the image (field lens aberrations- no high spatial resolution) 
In addition: spherical, field curvature and astigmatism aberrations difficult to compensate 

Mechanical problems due to the prohibitive length (since beam cannot be folded) 
Lens  near the entrance aperture is well exposed to pollution (aerosols ) and difficult of access for cleaning 

Polarization aberrations due to the bi-refringency inside the  glass (temperature inhomogeneities, edge 
effects,  stress) makes difficult (if not impossible below 10-2 circular polarization) B strength measurements 

(Zeeman); linear polarization also affected at  the 10-3 level.   
Super-polished mirrors produced for 20 Years at a few Å (3 to 5) RMS both on SiC (ion beam) and Zerodur; 

super-smooth coatings also exist.  
 
 

With a slow (F/15) MIRROR advanced Technology Coronagraph (MAC):  
 

Multi-lines spectroscopy and polarimetry is possible.  
High spatial resolution is possible (no excess heating inside the instrument; aberrations reduced).  

Allow access to IR without limit of glass transmission or aberrations.  
Coronal magnetic field measurements possible due to the increased S/N ratio at fine scales.  

Instrumental Polarization totally negligible in the IR -> forbidden lines at 1, 3 & 4 µm 
 
 

Today Context  
 

- A miniature mirror imaging coronagraph  (MICA) is in operation in Argentina  
-16’ NSO SacPeak Lyot type coronagraph not operational; 53 cm “giant” Lyot coronagraphs (10 

copies), produced by the former USSR, not in good shape 
-SolarC (46 cm Mirror Coronagraph of large aperture/focus ratio - ATST "precursor") gives a limited 

resolution (too “fast” aperture ratio) 
- ATST - a much larger (4m) off-axis  telescope-coronagraph of large  aperture ratio for IR  (Beckers 1994) uses 

adaptive optics and specially designed dome and cooling system 

-COSMO (big lens)/S. Tomczyk) project (HAO- Mauna Loa): limited to the Fe XIII line near 1 mu  
 

High spatial resolution off limb TR and coronal 2D spectroscopy  (and polarimetry) in the visible 
and near IR regions, using the most popular lines like the H & K lines of CaII, the HeII 4686 line or 
the most intense forbidden FeXIV, FeX and FeXI  coronal lines, are also needed in support to the 

forthcoming space mission  
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Simultaneously observed coronal  
structures  from line emissions of  different  
forbidden coronal lines  (FeX in red; FeXIV 
in green), from W-L (in orange) and from 
the Hα line.  
from the Takeda’ PhD , see also PASJ (1991) 

Edge diffraction visualized using the Lyot 
method (dark backgound ) using an 
artificial Sun  (IAP) to illustrate the case of a 
super-polished (RMS 4.5 A) mirror of 7 cm 
diameter. Note the small surface defects 
appearing on the top over-exposed image.  
For a  coronal lens or mirror of >60 cm  
diameter the amount of spurious light 
coming from the surface overpasses  the 
amount of parasitic light from the edge and  
the Lyot apodisation is getting less efficient.  

Earth spectral transmission for different typical sites on 
the Earth with the position of the main chromospheric 
lines shown at the bottom.  More important for coronal 
research are the background brightnesses  of the solar 
aureola (combination of the instrumental and the aerosols 
contributions), expecially very near the Sun. Some typical 
values measured using solar telescopes are shown 
inserted at the right.   

Picture of the components used for the MAC II at NSO 
(SPO) in 1988. The free aperture was 15 cm and a super-
polished Si mirror was used (without any coating) put on 
an active mount (designed at IAP by S. Koutchmy, Roland  
Caron and J-P. Zimmermann).  

Sketch of the solar atmosphere beyond the solar limb resulting from the 
analysis of eclipse flash spectra. Coronagraphic observations free of 
parasitic scattered light permit s a deep analysis of this region of the soalr 
atmosphere.   

Off limb observations in the HCaII line with the SOT of Hinode. 
Spectral sequences of this region  should be simultaneously 
taken in many emission lines using the MAC. Note the scale of 
heights at left and the arrows at right showing the top of the 
absorbing layer corresponding to the solar limb of the sketch 
above (from Tavabi, Koutchmy and Adjabshirzadeh, 2011).  
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(a) Corrected FWHM  of the FeXIV 5303 coronal 
emission line  measured for different radial 
distances to illustrate  the  so-called  turbulence 
in the inner corona  (the temperature effect 
widen the profile by 0.6 A at most).   

(b) For the same set of line profiles, the display of 
line of sight shifts (measured using the centre of 
gravity method) as a function of the line widths. 
No obvious relationships exist because both the 
combined effect s of flows along field lines and 
of fast propagating waves are presumably 
important when looking  above the limb by 
integrating along a line of sight. Fast spectral 
imaging are needed to disentangle the effects 
which are also important to measure the 
magnetic field.  

Formation of a coronal cavity in a quadrupolar magnetic 
configuration beleived to  give rise to a collimated  EUV jet.  
Fe IX observations from SWAP (Proba 2)  made in space. 
Spectroscopic diagnostics are needed to confirm the scenario.  
From a paper by Filippov, Koutchmy and Tavabi, 2011.  

Successive green 
line (FeXIV) images 
taken on June 1 to 
3, 1998 using the 
1st miniature  space  
mirror ccronagraph 
C1 of Lasco (SoHO).  

Thousands of images were obtained using the 
1st mirror imaging coronagnraph flown in 1998 
in Space. It definitely validated the concept and 
brought many additional measurements.   


