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1. USET index ***E**** b'

1.1. Dataset

Exploitation of Ca Il K images taken with USET (« Uccle Solar Equatorial Table »)

Baliunas et al. 1998

Plage or Active Star vs, Quiet Sun
Ca Il K line

~a—HKP-1 Bandpass

Intensity

Photospheric
— Contribution

. Wavelength

Ca Il K line centered at : 3933.7 A

Filter bandpass :

Dataset : ~ 23.000 Ca Il K images
since July 2012

Chromosphere (Ca Il K) After sorting — [2725 images
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1. USET index ok

* %k Kk

1.2. Image processing

e Image recentering




1. USET index

1.2. Image processing

e Limb darkening correction

— Brighter at the center
— Darker at the limb

3000

2500 A

(%]
(=]
=]
(=]

Intensity [dn]

500 -

1500 +

1000 A

h.l

T
500

T
1000
Pixels

T
1500

T
2000

Relative intensity

* %k k% Kk

* %k Kk

=
MJ
|

=
(=]
L

o
oo
i

o
4]
I

(o]
.
i

o
]
i

o
(=]
I

!

T
500

T
1000
Pixels

T
1500

T
2000



* % %k Kk

1. USET index ool
.

1.2. Image processing

e Chromospheric structures segmentation

— Algorithm based on an intensity threshold

— Structures segmented :
- Plages (bright extended structures)
- Enhanced network (small regions of decaying plages)




1. USET index

1.2. Image processing

® Image recentering
® Limb darkening correction

® Chromospheric structures segr &
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2. Periodic modulation

Fourier analysis

* %k k% Kk
* %k k&

— Search for presence of rotation modulation in the area fraction time series

e Fourier method : Existence of a periodic signal
= peak in the power spectrum

= Carrington rotation period (27.27 d)

Conclusion : Solar rotation is present in area
fraction time series

Question : Variation with the solar cycle ?
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Link with magnetic structures distribution ?

Vanden Broeck et al. 2024 (submitted)



2. Periodic modulation

Time-frequency diagram

USET area fraction
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2. Periodic modulation ok kK

* %k Kk

No modulation because :
- Plage absent
- If plage present = it lasts for less than a rotation
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2. Periodic modulation

Time-frequency diagram

USET area fraction

Rotational modulation
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2. Periodic modulation wxrxx Pl P

* % %k k “'

Succession of episodes with compact groups of plages and episodes with less activity.
— Possible reason : some longitudes seem more favourable for emergence of magnetic

flux, called “active longitudes”
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2. Periodic modulation

Time-frequency diagram

USET area fraction
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2. Periodic modulation wxrxx Pl P

* %k Kk <"

No clear detection because distribution nearly uniform in longitude
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3. Sun from different inclinations

3.1. Construction of inclinated solar images

Latitude [°]

Latitude [°]
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3. Sun from different inclinations

3.1. Construction of inclinated solar images

Latitude [°]
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3. Sun from different inclinations S A g
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3.2. Effect of inclination on area fraction

Temporal evolution of area fraction for solar Equator’s view (0°) to North Pole view (90°)
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3. Sun from different inclinations

3.3. Effect of inclination on solar modulation

North hemisphere South hemisphere
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3. Sun from different inclinations

Power

3.3. Effect of inclination on solar modulation
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4. Summary Aok A b
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USET area fraction

e Detection of rotation period related to asymmetry in ST S LIRS W
longitudinal distribution of bright structures s 2 §i8§
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4. Summary

e Detection of rotation period related to asymmetry in
longitudinal distribution of bright structures

e Solar images reconstructed from every angle of view
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4. Summary

e Detection of rotation period related to asymmetry in
longitudinal distribution of bright structures

—~ 0.08

Olpgw T T T Ty 0.1
e Solar images reconstructed from every angles of view : 1r S

0.06

e Solar rotation period detected until 70° of inclination
— application for solar-type stars
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Structures segmentation

Limb darkening correction

Method :

Fit the intensity profile

Create a mask based on the fit ;
Divide the matrix by the mask by e
Remove the bright plages Ty
Repeat the steps 1. 2. & 3.

Y. D =




Structures segmentation
Limb darkening correction
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Structures segmentation

Segmentation method

Assumptions : * Gaussian background brightness distribution

e Non-gaussian contribution to the wings (sunspots and plages)

—— Quiet Sun intensity (/ps)
E’ 600001
. , . .. a
Quiet Sun doesn’t vary in time = Threshold % O
non affected by the solar activity s
: : € 40000
e Compute the QS intensity : I 5
=
e Compute the standard deviation o
with an empirical multiplicative 20000 Plages
factor m, /
) Plages intensity : ol . | | S | |
0.6 0.8 1.0 1.2 1.4 1.6

IPlages = IQS + mg .o Intensity of pixel




Structures segmentation

Segmentation method

1. Compute the mean intensity I and the standard deviation o7 over the disk
2. Identify pixels with intensity within [ + kao; (for k in the range 0.5 — 3.0)
3. Recalculate mean intensity and standard deviation for those intervals

4. The minimum of the calculated mean intensity I,,,;,, best represents the QS regions, Iys

5. Intensity threshold to identify the plages is:|1 > lpc + Ms . Opyin | (my is an empirical multiplicative factor)
plages QS f - Omin| (My




Structures segmentation

Uncertainty calculations
How ? Using the full dataset of ~ 23.000 images in the USET database

Compute the area fraction for
each image

Compute the standard deviation
for each day

Remove the outliers
Fit the data (red curve)
Bin data by step of 0.25 (black dots)

Fit the data (green curve)

= Error proportional to the area

Error

000000

0.63 . 0.64
Area fraction
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