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Thechromospheran Ca K et H

Ca K and H: photosphere diromosphere?

CNHzS YR aFlLtasSe /I Y FAELGSNAOD
Current commercial offering.

Good (and bad) optics for Ca K observation?

How to deal with the solar energy flux ?

Doublestacking, narrow band filters, tuning filter wavelength...
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Ca K and Ca H lines
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Equivalent width = 1.9 nm for Ca K and 1.4 nm for Gas®4 nm for Ha).
Very dark lines: center of line is 5% of continum®16% in Ha).
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Wavelengthbandpassandlayer sampled

A Photosphere: layer from 0 to 500 km (= up to temperature inversion).
- : : . A Chromospherelayer from 500 km to 2100 km (= up to corona base).
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Ca K line features:
T K3 = core of the lineehromosphergaltitude range higher than center of Ha

< 18 000 _ T K2: still in thechromospherg800-1500 km).

£ CallKline T K1: upper layer of the photosphere/bottom ohromosphere

é LUIPA Ko ¥ P

g“’“““‘ Ho: Line A Ideally, we would like to isolated K3 (= center of Ca K):

8000

T However, a filter of about 0.2 A FHWM is required to isolate K3.
T Possible only with apectroheliograpl{SHG).

T Usual Ca K filter are 2.4 A (Lunt) to 5AAtlia) => uppephotosphere, some bits
of chromosphere

T Alluxal A Ca K filter is a major step forward, still 5 x larger than Ca K3. Need to
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5 s o o T E— be doublestacked for observation of the uppehromosphere
Height above photosphere (km)
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Zoom on the Ca K line

A Equivalent width = 1.9 nm (1.4 nm for Ca H)
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Alluxa 0.37 nm tuned

Alluxa3.8 A

Takahashi TOA 150 - Telecentric 2.7x - Solex fc = fi = 200 mm - 2400 tr/mm

20002

Alluxa 0.37 nm tuned +

0.1 nm tuned
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Any filter larger than 5A is definitely NOT a Ca K filter, and will only show the photosphe
and not thechromosphere

Il GONHzSE /I Y FALGSNI gAff aK2g (GKS aNB¢
GCI f aS |/ BaadeIhd (8 imS and Galiu@enll(old and new)Antlia393-3 nm.
This is a bit misleading to call these filterskCiters.

I
-I ‘ill “ l- o - .
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K line filter (396 nm FWHM = 10 nm -

Skynyx 2.1M camera
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AR1476 1 May 2012-1 1h27mn205 UT - Takahashi TOA 150 - Ca K393.3 nm FWHM = 0.24 nm - Baader Hershell - Taka X1 5 ED and APM X1.8 ED

Approximate scale = 0.23 arcsec / pixel - Skynyx 2.TM camera - gain = 4.8 - Exposure = 60 x 10.7 ms - 12 bits acquisition
Christian Viladrich




A Comparison obandpass
ful-RA&a1 AYIlF3Sa >
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Altair 3933 nm.
Photosphere.
Normal granulation.

Faculamplagesvisible up to the center of the
solar disk.

Prominences faintly visible only with
massive oveexposure:




Alluxa0.37 nm Ca K.

Upper photosphere/bottom oEhromosphere
Reverse granulation.

Faculamplages

Flares.




e

DoublestackAlluxaCa K (0.1 nm + 0.1 nm).
Upperchromosphere

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

Filaments faintly visible.

Fibrils visible at higher resolution.




A Filaments detection require very a narrdandpass
A Better with doublestack (0.1 nm + 0.1 nm).
A And much better with a SHG !

0.14 +0.14 nm

7 September 2023

o ,
LB -
0.37 nm 0.14nm
S : PR N
; ‘wﬁ PR »:r‘
W 3 & g ot I
SoRpe LA
S ~ #
c 4% ‘
ST5 8

SHG

Dough Smith



Bandpasa&nd fibrils visibility

(] #32 3445_2023-09-26 7_11-32-55-0745_L_AS_F150_lapl3_ap8755.png

37A+ 1.4 Afilters

EO 394-10 nm + Alluxa Ca K 0.14 nm (simple-stack) Alluxa Ca K 0.37 nm + Alluxa Ca K0.14 nm (simple-stack) EO 394-10 nm + two Alluxa Ca K 0.14 nm (=double-stack)

EW AR 3445 - 26 September 2023 - Takahashi TOA 150 - Airy Lab 2.7x telecentric - Sub-aperture D-ERF (50 mm blue Astronomik filter) and various filter combinations - All Ca K filters tuned (tilted) to Ca K with spectrograph
(3 Scale : 0.20 arsec/pixel - ASI 290 camera - Exposure : 150 frames x0.9 ms/ 1.1 ms/ 24 ms


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

Difference between Ca K and H ?

A CaK (393.37 nm) and Ca H (396.85 nm) images are strictly identical.
A 126SOSNE /I I AYF3ISa 2F GKS az2fl NI fAYD
A Call observation is only done by imaging:

I Most people are blind to Ca Il (except young ones or older ones after cataract surgery).
I NearUV is not good for the retina.

CaK 2025 CaH 15



Commercial offering

We need a lot of light to keep exposure short (< 5 ms) and freeze turbulence !
Oldandnew(i SOKy 2t 238Y 26 YR KAIK LISIFH] GNryavyrAaarzy X

5 Abandpass

T Antlia: dielectric filter with good peak transmission ?

i DayStaQuark: micaspaced etalon, too dark for high resolution imaging.

Alluxa3.8 A:dielectric, hard coating, 80% peak transmission, trigeity, excellent ofband blockage, expensive.
2 Abandpass

i Lunt2.4A.

i DayStaPE 2 A: too dark for high resolution imaging, very expensive.

Alluxa 1 A:dielectric, hard coating, 75% peak transmission, to be used with a blocking filter (€60398), can be
double-stacked.

SolarSpectrumd.6 A: micaspaced etalon, too dark for high resolution imaging.
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A The filter is just part of the story,

GKS 2LJGA0a 2F GKS O
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Ca K/H Is a challenge for optics

Most refractors are optimized for green light (some for red) and have poor performance in
the blue, and even worse in the neldlV. This is not about chromatic aberration (different
focus positions for blue and red), but about spherical aberration.

Smaller diameters and largerdtios are better in nealJV.
Most practical solution is to stop down the aperture (to about&io).

The other option is to increase the distance between the two lenses of the objective:
I SkyWatcheEvoStain50/1200 needs a 3.2 mnespacing
I SkyWatcheEvoStaED102/900 needs a 1.6 mmspacingsource.SkyWatchetJSA).

Ideal telescopes for Ca II:-atirror telescopes (NewtorCassegraiand its variant).
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Askarl40 mm f/7 triplet

Fullaperture = very bad images in Ca ll.
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SchmidtCassegraiR 2 y QU f

A Strong spherical aberration in the nediv:

Strehl ratio

0.1
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Schmidt Cassegrain telescopes
Strehl ratio vs wavelength
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Light Intensity

Aplanatic
Optical System ———»

Optical System
with Aberration

+ - 4=mm Strehlratio should be > 0.8 to have diffracticlimited images

100%

Image Field

20



Atmosphere Is also more challenging in Ca K/F

A Turbulence increased by 1xdn Ca K/H compared toaH{proportional tol 1?).

A Exposure time to freeze turbulence is k.8horter in Ca K/H compared taH

2025 21



Still, there 1s a good news

A 2SS R2yQl ySSR I fFNHS FFLISNIdzZNE F2NJ /I YkI @
A Because diffraction is smaller in Ca K/H comparedato H

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

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

|
|
T a 150 mm telescope in Ca K has the same resolution as a 250 mm telescope in Ha.
i LINEPARSR 2LIIA0A YR &aSSAy3 IINBF 3I22R X

H&mn L] - - L - L] n
I nde d'arc) i4" 1,00 08 055 041" 033" 0,28

Diamétre (mm) | 100
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A This is not yet the end of the story,

how to deal with the solar heat?

2025
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Options to deaWwith solarheat

A AstrosolaND 3.8 (1/6300 transmission):
I too dark for Ca K imaging,

I However, OK for a 10 nm FWHiler (continuum and others).

A Solar wedge:
I transmission 5% (ND 1.3),
i YdzOK 60SGGSNE hY FT2NJ agARSe /I Y
transmission, but a bit dark for a 1 A filter (and too dark for N
double-stack).

AIK

Duatband ERF (Ha + Ca K) in front of telescope
aperture: .

1
T Altair: up to about 240 mm. A
T Antliad up to 200 mm.

And/or a 50 mm blue filter in internal position = sub _ 4
aperture ERF (with possible use of a-39Bnm filter as - Q T
an additional protection in front of the Ca K filter).

[ sy

~ y .
Alluxa Ca K0.1 nm * Alluxa CaK0.1nm Edm'm 10nm
Tilt mount Tilt mount Tilgmount ~ % .
r . g

LIS+ ]



A What aboutCa K doublstackwith the Takahashi
¢ch! mpn NBEFNIF OO 2 NX

2025
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31 May 2020 - 8h40min UT - Takahashi TOA 150 - 50 mm sub-aperture blue ERF - EO 394-10 nm filter - Ca K Alluxa filter 393.44-0.37 nm
Scale: 0.18 arcsec/pixel - ASI290 camera - Exposure : 60 frames x 01.2 ms - Solar Scintillation Monitor (Min/Avg/Max) : 0.65 / 1.01 / 1.41 arsec



58min UT - Takahashi TOA 150 - 50 mm sub-aperture blue ERF - EO 394-10 nm filter - Barr filter 393.25-0.24 nm - Alluxa filter 393.44-0.37 nm
sec/pixel - ASI290 camera - Exposure : 120 frames x 6 ms - Gain = 100 - Solar Scintillation Monitor (Min/Avg/Max) : 0.37 / 0.81 / 1.85 arsec
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Doublestack
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Alluxa0.1 nm from simple to doubistack

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

A The transmission profile of the doubstack is steeper.

T
-
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Transimiszion profiie
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Effective FHWM = f«(&tio)

A Effective FWHM increases whergafio decreases. X
A BestiNI GA2 F2N) ndm G2 ndH yY [/ Y FALtISNA

100.0 = 10,0 ‘
P S S S AlluxaCaK15A
P A gl 24 AFWHM| L i s
; - 0.60
H H 25 -
e i i s i 6.0 \ - 0.40
{ 20 N, - -
! z - 020 £
: = z
40.0 T e 400 E L
: = 15 == 0.00 z
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208 : e N 20s i 4 ——FWHM | a6
: 03 / 5 —
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T s {8} and T 4 FLYRR= o (%) and T %) v ik 0 10 20 30 40
7.33 Left: simulation of the transmission curve of a 0.24 nm Ca K filter for f-ratios of 30, 20, 15, 10 and 7. As the f-ratio decreases, the f-ratio
effective bandp 4 nm at /15, 0.5 nm at /10, and 1.0 nm at {/7), the central wavelength shifts toward the blue, and

the peak transmission decreases. Right: simulation of the transm

Source: Mark Wagner, SolarSpectrum.

ission curve of a 0.10 nm Ca K filter for f-ratios of 30, 20, 15 and 10.

2025 32



Tuning Ca K 1 A filter(s) by tilt

A Tilting the filter:
i shifts thebandpasdo the blue (and possibility pushes reflections away the field of vie
I however, the FWHM is increased and peak transmission decreases.

—— Tilt=0.00° - h=0mm
—— Tilt=0.25° - h=0mm
—— Tilt=0.50° - h=0mm

- Tilt=0.75° - h=0mm

<

4 RAFCAMERA
1.25” filter

tilt holder
(M42x0.75)

|
J

W

56.00 656.25 1 656.50 656.75
Wavelength (A)

A Tuning a singkstack: look for darkest image.
A Tuning a doublestack tune each filter in turn, then possibly fine tuned #2 mounted on #1.
A How to deal with reflections in doubigtack configuration:

- Tryincreasing distance between both filters.

- Telecentridens seems to behave better than EZ,%rZIgW lens.




Tuning the 1 A Ca K filter by heating

A Alluxal A Ca K temperature coefficient = 0.04 A0

CWLdrift= 0.04 A/°C
Température Delta CWL (A)
4 -0.6
10 -0.4
15 -0.2
20 0.0
25 0.2
30 0.4

‘A Lowtech homemade regulator:
i Less than 5@.
I Heating band wrapped around T2 tube.
i Digital thermaregulator including temperature sensor and

temperature display.

I Accurate enough for doublstack 0.1 nm Ca K filter (8/5 C
=+/0.2 A).

I Use of a modified SHG700 to set the temperature right on
K center.

I NB: both Ca K filters have about the same nominal
temperature.
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Looking for higher resolution:

SoleyeCAKS50 coating

CaK 50
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- Only 8.8 watt at the focus of the 300 mm
=) Newtonian. \

- TZ3stelecentricprotected by an Altair
3933 nm filter.
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coating CaK5@ - space filtre bleu Astronomik - space
total energy = 111.7 W.m™ 8% total energy = 390.1
band 288 488nm 35.6 W. 11.8 & band 226 A88nm 148

band 488 768nm 8.4 W. : 4 E

HezD band 488 788nm = 173.9
band 708_1186nm 3 W. B X

=t d band 788 1186nm
band 1168 A6888nm ] - 2 12.8 % band 1188 4PPBnm =

ERF filter transmission coefficient= 28

ERF filter transmission
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2023-08-18-1023-ChrVldr-AR3403-N300-393-3nm.jpg
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2023-08-18-0722-ChrVldr-AR3403-N300-CaK037nm.jpg

