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Stellar magnetic activity

 Stellar magnetic activity is the ensemble of phenomena
produced by magnetic fields in stellar atmospheres;

* They are characterized by
* spatial inhomogeneity;
* time variability;
* non-radiative heating;
« modification of convection and turbulence spectra;

e additional wave modes.




Why activity matters

* Activity affects the detection of planets and the measurements of their

parameters, notably their mass (RV jitter) and radius (systematic
modifications of the transit depths);

* Anindication of the star activity level is required for confirming planetary
candidates and determine the priority fortheir follow-up observations;

* Moreover, activity affects planets orbiting late-type stars through:
* atmosphericevaporation(through EUV and X-ray fluxes);
* theimpactof high-energyradiationon habitability;
* modulation of cosmic-rayflux by the interplanetaryfield.




Temperaturein the solaratmosphere
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Connection between different domains
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Fir includes the flux
in lines of NV, Si IV
and C IV formed in

the transition zone;

C Il is the flux in the
line at 133.5 nm; the
various symbols
define ranges in B-V
and luminosity class
of the stars.

Given the role of heat conduction from the corona and the magnetic origin of the heating, fluxes in chromospheric
and transition regions lines are statistically correlated with each other and with the coronal X-ray flux. | show some

examples above (Piters et al. 1997 on the left; Oranje 1986 on the right). See also Pagano (2013).




X-ray luminosity vs. Rossby number

supersaturation

Ro = Pt /7. (Rossby number)
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(after Randich 2000; Pizzolato
et al. 2003; Pagano 2013)

SR N T I T O Y T O T R N Y T T [




Stellar activity cycles
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HD 81809 and the Sun
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Coronal cycle of HD 81809 (a G-type star) and its modelling with different coronal components (Orlando et al. 2017).




The activity level decreasesin time
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Fig. 3. Distribution of EUV luminosities against age (in Gyr) deter-
mined using the X-ray luminosities. The line indicates the best linear
fit to the sample.

EUV passband: 10-92 nm Log R’ measures the flux in the cores of the Ca Il H&K lines




Stellaractivity and planetary transits

| DS Tuc (TESS
photometry)

BTJD [days] (Benatti et al. 2019)

* Magnetic activity is not a serious limitation to detect transits of Earth-like planets in the

case of middle-aged Sun-like stars (e.g., Aigrain & Irwin 2004; Moutou et al. 2005;
Bonomo et al. 2009);

* measurements of the phase curves of giant planets or brown dwarfs (or ellipsoidal
modulation or Doppler beaming) generally requires to model and remove activity effects;

* transit depths are affected by starspots, requiring a proper modelling to derive R, /R
(e.g., Ballerini et al. 2012).
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Activity and Radial Velocity (RV) of the
Sun as a star
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(Lanza et al. 2019; Haywood et al. 2016)
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Activity and Radial Velocity (RV) of the
Sun as a star

[ Solar RVs
Fit Residuals
(All Regions)
Fit Residuals

| (A > 20 uHem) |

T
T =*o statistical
uncertainty

> o

Amplitude (m/s)
N

o o o o

o

HARPS-N

50 75
Period (Days)

+
T =*o statistical |
uncertainty

25 30 35 40 45 50 55 -50-2.5 0.0 2.5 50 7.5 10.0
Period (Days) RV Residual (m/s)

foright (x103)

fspat (X103)

T +0 statistical |
uncertainty

TSI (W/m?)

160 260 360 460 560 660 760 .
JD —2457222.5 (Milbourne et al. 2019)




Activity and p-mode oscillations

HD 173701 (M=1.0M,, R =0.93R )

Activity produces a shift of the frequencies of
p-mode in solar-like stars (e.g., Karoff et al.
2018; Garcia & Ballot 2019);

The effect depends on the intensity and spatial
distribution of the magnetic fields providing a
way to measure activity cycles and differential
rotation (e.g., Thomas et al. 2019);

Activity tends to reduce the amplitude of p-
modes which can be a problem for their
detection is the case of young stars (Chaplin et
al. 2011).

This can affect measurements of stellar age,
rotation, and inclination;

Comparison of rotation measurements from
astroseimology and rotational modulation of
the flux are possible (e.g., Nielsen et al. 2015).
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Solarirradiance along cycle 24 (SORCE)
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Long-term variation (LTV): AF/F ~1.6 x 103 at 748 nm; rotational modulation is between 10% and 150% of LTV; the Sun is
brighter when more active (it's an activity-bright star [Radick et al. 2018; Shapiro et al. 2014; Meunier & Lagrange 2019]).




How to include activity informationin
PIC: some general considerations

In a given passband, the amplitude of variability depends on the timescale;

From the point of view of transit detection, a useful metrics could be similar to Kepler
Combined Differential Photometric Precision (CDPP; Gilliland et al. 2015), that is, the

overall noise on timescales of 3-12 hr;

Given the statistic correlation between the flux in different passbands, data from X-rays
and UV surveys can be used to characterize the activity level of stars;

The amplitude of the cycle (and flare) variations increases with decreasing wavelength
giving a larger dispersioninthe EUV and X-rays at a fixed level of activity.




Possible activity proxies

* Amplitude of the optical variability (specify the passband and the
timescale);

* Normalized X-ray (Ly /L) or UV luminosities;
* Chromospheric indexes, notably Ca Il H&K, Ha, or Ca IR triplet

(requires high-res spectroscopy; for example: Gaia; Gaia-ESO; RAVE;
GALAH; but consider limitations related to the survey purposes).




Example 1: Gaia photometry

The main limitation of Gaia photometry

Accumulations GBAND from our point of view is the scanning law;
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Left panel - Orange line: mode of the distribution in DR2; magenta: same in DR1; green: nominally expected with a perfect calibration; red: with
calibration uncertainty of 2 mmag; the dashed black line with a slope of 0.4 shows that the faint end is sky-dominated (Evans et al. 2018).
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» 30x deeperthan ROSAT, 10x deeper than XMM-Slew on the
 All-Sky Surveys starting early 2020, 8 full surveys separated by 6 months
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All potential PLATO targets
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Conclusions

PLATO targets should not be selected by discriminating against active stars because that
will penalize young targets and lead to an excess of stars viewed with low inclination, if
based on optical/IR variability;

A measurement of the optical variability can be a useful proxy, although the variability on
transit timescales can be derived in a systematic way only from some surveys (e.q., TESS,
in part, Gaia);

Surveys in the X-rays (ROSAT, eROSITA) and UV (GALEX) can be very useful, but one
should keep in mind the flux variability produced by activity cycles, rotational
modulation, and transients (flares); there is a bias towards younger, more active stars
(except for targets closer than 10-25 pc);

Rotational periods for large samples of stars in clusters and in the field (e.g., K2, Gaia)
can be used together with activity-rotation relatioships to estimate the activity level.




Thank you for your attention




Additional material




Example 2: eROSITA
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The Sun in the opticaland in EUV




Residuals of solaractivity modelling
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In the case of the Sun (P, = 25 days) the amplitude of the light curve is of about 0.3%. Application of
spot modelling gives residuals with standard deviation of 20-30 ppm.




An active star: Kepler-17

1.00
0.99

0.98
0.97 ‘
0.96
0.95

Relative flux

Frequency

0.002

0.007 o acad g S g
0:000 | it I innndanvoti Aol |
—0.001 - el LAt e e

—0.002

Residual flux

1100 1200 1300 1400
Time (BJDTDB - 2454900) 0.000

Residuals

Kepler-17 is a G2V star with a rotation period of 12 days and an estimated age younger than 1.8 Gyr. The amplitude of
its light curve is of about 6%, but the standard deviation of its residuals after spot modelling is only 269 ppm, close
to the precision of the photometric measurements of 222 ppm.




SolarTSI power spectrum
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Fig. 2. a) Power spectrum of the PMOG6 light curve (1996-2001). Light grey: power spectrum. Dark grey: idem, smoothed with a boxcar
algorithm. Thick solid line: multi-component powerlaw fit (see Sect. 2.2). Dotted lines: individual components of the fit. b) Comparison
between the the time dependence of the amplitude of the low frequency component of the power spectrum (A;) and chromospheric activity.
Solid line: evolution of A;, computed as described in Sect. 2.3, using L = 180 days and S = 20 days, between 1996 and 2001. The gap at
around 1000 days corresponds to a prolonged gap in the data. Dotted line: BBSO Call K-line index over the same period (arbitrary units),
smoothed with a boxcar algorithm (base 180 days).

Aigrain et al. (2004)




HD173701vs. the Sun (detail)
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Figure 4. Rising phase of the last cycle in HD 173701 compared to the Sun. The panels show the chromospheric emission (panels (a) and (b)), the relative flux (panels (¢) (Ka rOff et a | . 2 O 1 8
and (d)), radial frequency shifts (panels (e) and (f)), dipolar frequency shifts (panels (g) and (h)), quadrupolar frequency shifts (panels (i) and (j)), logarithmic mode heights
of the eigenfrequencies (panels (k) and (1)), and photospheric activity proxy (panels (m) and (n)).




