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The chromosphere in Ca K et H 
Å Ca K and H: photosphere or chromosphere ? 

Å ¢ǊǳŜ ŀƴŘ άŦŀƭǎŜέ /ŀ Y ŦƛƭǘŜǊǎΦ 

Å Current commercial offering. 

Å Good (and bad) optics for Ca K observation? 

Å How to deal with the solar energy flux ? 

Å Double-stacking, narrow band filters, tuning filter wavelength... 
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Ca K and Ca H lines 

2025 

Equivalent width = 1.9 nm for Ca K and 1.4 nm for Ca H (vs 0.4 nm for Ha). 
Very dark lines: center of line is 5% of continuum (vs 16% in Ha). 



Wavelength/bandpass and layer sampled 

Å Photosphere: layer from 0 to 500 km (= up to temperature inversion). 
Å Chromosphere: layer from 500 km to 2100 km (= up to corona base). 

 
Å Ca K line features: 

ïK3 = core of the line: chromosphere, altitude range higher than center of Ha 
ïK2: still in the chromosphere (800-1500 km). 
ïK1: upper layer of the photosphere/bottom of chromosphere. 

 

Å Ideally, we would like to isolated K3 (= center of Ca K): 
ïHowever, a filter of about 0.2 A FHWM is required to isolate K3. 
ïPossible only with a spectroheliograph (SHG). 
ïUsual Ca K filter are 2.4 A (Lunt) to 5 A (Antlia) => upper photosphere, some bits 

of chromosphere. 
ïAlluxa 1 A Ca K filter is a major step forward, still 5 x larger than Ca K3. Need to 

be double-stacked for observation of the upper chromosphere.  
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Zoom on the Ca K line 
Å Equivalent width = 1.9 nm (1.4 nm for Ca H) 
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¢ǊǳŜ ŀƴŘ άŦŀƭǎŜέ /ŀ Y ŦƛƭǘŜǊǎ 
Å Any filter larger than 5A is definitely NOT a Ca K filter, and will only show the photosphere 

and not the chromosphere. 

Å ! άǘǊǳŜέ /ŀ Y ŦƛƭǘŜǊ ǿƛƭƭ ǎƘƻǿ ǘƘŜ άǊŜǾŜǊǎŜέ ƎǊŀƴǳƭŀǘƛƻƴ ŀƴŘ ƴƻǘ ǘƘŜ άƴƻǊƳŀƭ ƎǊŀƴǳƭŀǘƛƻƴέ 

Å άCŀƭǎŜ /ŀ Y ŦƛƭǘŜǊǎέΥ Baader K-line (8 nm) and Calcium GenII (old and new), Antlia 393-3 nm. 

Å This is a bit misleading to call these filters Ca K filters. 
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Antlia 393 nm ς FWHM = 3 nm 



¢ǊǳŜ ŀƴŘ άŦŀƭǎŜέ /ŀ Y ŦƛƭǘŜǊǎ 
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¢ǊǳŜ ŀƴŘ άŦŀƭǎŜέ /ŀ Y ŦƛƭǘŜǊǎ 
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ÅComparison of bandpass,  

     full-Řƛǎƪ ƛƳŀƎŜǎ Χ 
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Å Altair 393-3 nm. 

Å Photosphere. 

Å Normal granulation. 

Å Facular plages visible up to the center of the 
solar disk. 

Å Prominences faintly visible only with 
massive over-exposure: 
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Å Alluxa 0.37 nm Ca K. 

Å Upper photosphere/bottom of chromosphere. 

Å Reverse granulation. 

Å Facular plages. 

Å Flares. 
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Å Double-stack Alluxa Ca K (0.1 nm + 0.1 nm). 

Å Upper chromosphere. 

Å Prominences visible (darker in Ca K 
compared to Ha). 

Å Filaments faintly visible.  

Å Fibrils visible at higher resolution. 
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Å Filaments detection require very a narrow bandpass. 

Å Better with double-stack (0.1 nm + 0.1 nm). 

Å And much better with a SHG ! 
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Bandpass and fibrils visibility 
Å Filaments require very narrow bandpass. 

Å Better with double-stack. 

Å 0.1 A or less. 
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1.4 A filter 3.7 A + 1.4 A filters 1.4 A + 1.4 A filters 

2023-09-26-AR3445-TOA150-tele27x-compar-CaK.jpg


Difference between Ca K and H ? 
Å Ca K (393.37 nm) and Ca H (396.85 nm) images are strictly identical. 

Å IƻǿŜǾŜǊΣ /ŀ I ƛƳŀƎŜǎ ƻŦ ǘƘŜ ǎƻƭŀǊ ƭƛƳō Ŏŀƴ ōŜ άǇƻƭƭǳǘŜŘέ ōȅ ǘƘŜ ƴŜŀǊōȅ I ŜǇǎƛƭƻƴ ƭƛƴŜΦ 

Å Ca II observation is only done by imaging: 
ïMost people are blind to Ca II (except young ones or older ones after cataract surgery). 

ïNear-UV is not good for the retina. 

 

2025 15 

He 

Ca K Ca H 



Commercial offering 
Å We need a lot of light to keep exposure short (< 5 ms) and freeze turbulence ! 

 
Å Old and new ǘŜŎƘƴƻƭƻƎȅΥ ƭƻǿ ŀƴŘ ƘƛƎƘ ǇŜŀƪ ǘǊŀƴǎƳƛǎǎƛƻƴ Χ 

 
Å 5 Å bandpass:  

ï Antlia: dielectric filter with good peak transmission ? 
ï DayStar Quark: mica-spaced etalon, too dark for high resolution imaging. 

 

Å Alluxa 3.8 Å: dielectric, hard coating, 80% peak transmission, triple-cavity, excellent off-band blockage, expensive. 
 

Å 2 Å bandpass:  
ï Lunt 2.4 Å. 
ï DayStar PE 2 Å: too dark for high resolution imaging, very expensive. 

 

Å Alluxa 1 Å: dielectric, hard coating, 75% peak transmission, to be used with a blocking filter (ex:393-10 nm), can be 
double-stacked. 
 

Å SolarSpectrum 0.6 Å: mica-spaced etalon, too dark for high resolution imaging. 
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ÅThe filter is just part of the story,  

 

   ǘƘŜ ƻǇǘƛŎǎ ƻŦ ǘƘŜ ǘŜƭŜǎŎƻǇŜ ƛǎ ŀƴƻǘƘŜǊ Χ 
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Ca K/H is a challenge for optics 
Å Most refractors are optimized for green light (some for red) and have poor performance in 

the blue, and even worse in the near-UV. This is not about chromatic aberration (different 
focus positions for blue and red), but about spherical aberration. 
 

Å Smaller diameters and larger f-ratios are better in near-UV. 
 

Å Most practical solution is to stop down the aperture (to about 60-40%). 
 

Å The other option is to increase the distance between the two lenses of the objective:  
ïSkyWatcher EvoStar 150/1200 needs a 3.2 mm respacing,  
ïSkyWatcher EvoStar ED102/900 needs a 1.6 mm respacing (source: SkyWatcher USA). 

 
Å Ideal telescopes for Ca II: all-mirror telescopes (Newton, Cassegrain and its variant).  
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Askar 140 mm f/7 triplet 
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Full-aperture = very bad images in Ca II. 70 mm aperture stop = diffraction limited. 



Schmidt-Cassegrain ŘƻƴΩǘ ƭƛƪŜ /ŀ Y 
Å Strong spherical aberration in the near-UV: 
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Strehl ratio should be > 0.8 to have diffraction-limited images 



Atmosphere is also more challenging in Ca K/H 

 

Å Turbulence increased by 1.9 × in Ca K/H compared to Ha (proportional to l1.2). 

 

Å Exposure time to freeze turbulence is 1.9 × shorter in Ca K/H compared to Ha. 
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Still, there is a good news 
Å ²Ŝ ŘƻƴΩǘ ƴŜŜŘ ŀ ƭŀǊƎŜ ŀǇŜǊǘǳǊŜ ŦƻǊ /ŀ YκIΦ 

Å Because diffraction is smaller in Ca K/H compared to Ha: 

ïa 60 mm telescope in Ca K has the same resolution as a 100 mm in Ha, 

ïa 100 mm telescope in Ca K has the same resolution as a 166 mm in Ha, 

ïa 150 mm telescope in Ca K has the same resolution as a 250 mm telescope in Ha. 

ïǇǊƻǾƛŘŜŘ ƻǇǘƛŎǎ ŀƴŘ ǎŜŜƛƴƎ ŀǊŜ ƎƻƻŘ Χ 
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ÅThis is not yet the end of the story,  

 

   how to deal with the solar heat? 
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Options to deal with solar heat 
Å Astrosolar ND 3.8 (1/6300 transmission): 

ï too dark for Ca K imaging, 
ï However, OK for a 10 nm FWHM filter (continuum and others). 

 

Å Solar wedge: 
ï transmission 5% (ND 1.3), 
ï ƳǳŎƘ ōŜǘǘŜǊΣ hY ŦƻǊ άǿƛŘŜέ /ŀ Y ŦƛƭǘŜǊ ǿƛǘƘ ƘƛƎƘ ǇŜŀƪ 

transmission, but a bit dark for a 1 A filter (and too dark for 
double-stack). 
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Optimal configurations (including double-stack 1 A Ca K): 
Å Dual-band ERF (Ha + Ca K) in front of telescope 

aperture:  
ï Altair: up to about 240 mm. 
ï Antlia: up to 200 mm. 

 
 
 

 

Å And/or a 50 mm blue filter in internal position = sub-
aperture ERF (with possible use of a 393-10 nm filter as 
an additional protection in front of the Ca K filter). 
 
 



 

 

ÅWhat about Ca K double-stack with the Takahashi 
¢h!мрл ǊŜŦǊŀŎǘƻǊΧ 
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TOA150 - simple stack : 3.8 A FWHM 



Double stack : 3.8 A + 2.4 A 
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Double stack : 3.8 A + 2.4 A 
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Double stack : 3.8 A + 2.4 A 
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Alluxa 0.1 nm from simple to double-stack 

Å Benefit of double-stacking is not to reduce the FWHM, 
but to cut down the parasitic light transmitted by the 
wings of transmission (coming from the photosphere). 

Å The transmission profile of the double-stack is steeper. 
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1.4 A + 1.4 A filters 

1.4 A + 1.4 A filters 

1.4 A+ 1.4 A = 0.9 A FWHM 

1.4 A FWHM 



 

 

ÅDŜǘǘƛƴƎ ǘƘŜ Ƴƻǎǘ ŦǊƻƳ ƴŀǊǊƻǿōŀƴŘ /ŀ Y ŦƛƭǘŜǊǎ Χ 
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Effective FHWM = f (f-ratio) 
Å Effective FWHM increases when f-ratio decreases. 
Å Best f-Ǌŀǘƛƻ ŦƻǊ лΦм ǘƻ лΦн ƴƳ /ŀ Y ŦƛƭǘŜǊǎ җ Ŧκмр 
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2.4 A FWHM 1.0 A FWHM 



Tuning Ca K 1 A filter(s) by tilt 
Å Tilting the filter: 

ï shifts the bandpass to the blue (and possibility pushes reflections away the field of view). 
ï however, the FWHM is increased and peak transmission decreases. 
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Å Tuning a single-stack: look for darkest image. 
Å Tuning a double-stack: tune each filter in turn, then possibly fine tuned #2 mounted on #1. 
Å How to deal with reflections in double-stack configuration: 

- Try increasing distance between both filters. 
- Telecentric lens seems to behave better than Barlow lens. 

 
 



Tuning the 1 A Ca K filter by heating 

Å Alluxa 1 A Ca K temperature coefficient = 0.04 A/10°C. 

 

 

 

 

 

Å Low-tech home-made regulator:  
ï Less than 50 ϵ. 

ïHeating band wrapped around T2 tube. 

ïDigital thermo-regulator including temperature sensor and 
temperature display. 

ïAccurate enough for double-stack 0.1 nm Ca K filter (+/-0.5 C 
= +/-0.2 A). 

ïUse of a modified SHG700 to set the temperature right on Ca 
K center. 

ïNB: both Ca K filters have about the same nominal 
temperature. 
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Looking for higher resolution:  
Soleye CAK50 coating 
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- Only 8.8 watt at the focus of the 300 mm 
Newtonian. 
- TZ3-s telecentric protected by an Altair 
393-3 nm filter. 

 



Ca K 0.14 nm SS et 0.14 nm DS 
Ca K 0.14 SS   Ca K 0.37 + 0.14 nm CaK 0.14 nm + 0.14 nm 

RCE 2022 36 Newton 300 mm 393-3 nm ς no coating 
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37 Newton 300 mm ς no coating - Ca K 0.37 nm 
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