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Is the Sun unusually quiet?!
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Suns in the Kepler field
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Where have all the solar-like stars gone? (Reinhold et al. 2021)

The rotation periods can be correctly detected for only 3% Suns in the
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Amazo-Gomez et al. (2020)



Suns in the Kepler field
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Distribution of stellar variabilities

2529 stars with unknown rotation periods
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Irradiance change, %

How would irradiance from a very active Sun look?

1.000E

— Full sample (corrected

= Noisy Sun

- Periodic sample (corredted) -

ngh actmty
Medium activity [

—
0.001 1
0.0 0.2 0.4 0.6
Ryor (%)
200 Ly L L L : L b L 20— 15 g gy g g L5 7
180 ngh_actlwt)_( o
160 - Medium activity [  1.5-
140 - 10
120 -
100 - 0.5-
80 -
60 - 0.0
Sl -0.5 -
20-
i .. .. e, NS A IS
100 120 140 160 180 200 220 240 260 280 300 300 340 380 420

nm

TSI1=-0.3 W/m? (0.02%)

TSI=-4.4 W/m?(0.3%)

460 500 540 580 620 660 700
nm



Anticorrelation of the space and ground UV
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The rise of the space UV is accompanied by the drop of the ground UV



Anticorrelation of the space and ground UV. Explanation
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Flux (W/m?/nm)

G-dwarfs with different values of metallicity
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G-dwarfs with different values of metallicity
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Column ozone and UV-B as a function of host star Fe/H

T=6300 K T=5800 K T=5300 K

681
580
479
377
276
175
74

Column O3 (DU)

0.98
0.86
0.74
0.62
0.51
0.39
0.27

5.30
4.49
3.67
2.86
2.05
1.23
0.42

0, (%)
UV-B (W/m?)

-1.0 -0.5 0.0 0.5 -1.0 -0.5 0.0 0.5
[Fe/H] [Fe/H]

ozone hole deepest ozone hole



=
2
=)
(T
=
f=
<))
E
b0
)]
(%]




The problem. RV
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The problem. Transmission spectroscopy

The Transit Light Source Effect

Spectral Difference due to
Different Spot/Faculae
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Pre-transit Stellar Disk is the
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Actual Light Source is the Chord
Defined by the Planet’s Projection

Rackham et al. 2018

To make the most of transit studies from current NASA facilities like HST and JWST and future facilities like a 2040s Large
Infrared/Optical/Ultraviolet Space Telescope, itis essential that we quantify the impact of stellar contamination on
transmission spectroscopy and develop methods to mitigate for it.

NASA SAG21 Report, January 2022
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features
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The modelling approach

Radiative-MHD code MURaM

Radiative transfer code MPS-ATLAS

Flux emergence and transfer model (FEAT)



Solar example. Limb darkening
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Kostogryz et al. (in press) + Shapiro et al. (in prep)



I/lc

Solar example. Line profiles and bisectors
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Spots on stars cooler t the Sun
The Sun
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Panja et al. (2021)
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Small-scale (facular) features on stars with different metallicities

Witzke et al. in prep
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Small-scale (facular) features on stars cooler than the Sun

Norris et al. in prep
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