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8. MAGNETIC ACTIVITY AND EXOPLANETS

- Exoplanet populations and host stars.

» Magnetic activity and detectabillity of
exoplanets.

* |nteraction between active stars and
exoplanets.

« Magnetic activity and habitabillity.
Nearby stars with detected planets
(Fig. edited by M. Tuomi).
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8.1 DETECTION OF EXOPLANETS

* 5653 confirmed
exoplanets in 4161

planetary systems by
4/2024.

 Main methods: Transits
and radial velocity.
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8.2 SELECTION EFFECTS

Mass — Period Distribution

29 Mar 2024
exoplanetarchive.ipac.caltech.edu

orbits zone around solar
analogues.

» Note also real effects: “Neptunian
desert”.
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8.3 DEPENDENCE ON STELLAR PARAMETERS

« Metallicity (e.g., Wang & Fisher 2015):

- Increased occurrence rate around metal-rich stars. | $%e9% o 5| * ~©O° o2
.. C-C_oc:- co0 0.0%| o o © ®
« The larger the planet, the greater this increase. 0% 295038 | 0 @0 20008 "
g P 1 g 000 © o oo |o o o° o
050 8590° © 05600 ° o) Do’
« Mass/spectral class: 2| Ce0%5008 & 0|0 of °O
- s |e 0000090%0000080 %02 30 6
« Most found exoplanets orbit late-type stars (note 5| %s,°5002:2%% , o
. = S o%% Yo o oo (o] o
selection effect!). | oo o0 ogo}%oo > o3
= | 6900 % 000° 00|
« Smaller stars => more smaller planets. 2| oe0cbe ° o o 02 O.: P0, 0 o0
_ ] 00% 0 0%°% ©99 o o %o
- Most Earth-sized planets orbit red dwarfs (note 209892 °2 %% | *0°0 &
selection effect!). 0% 0, o000 °[° °
. - g oogg%oo ° g Oo
* Binarity: S0, 00933 ool | ©° 8
Stellar Mass >

« Suppression of planet formation.
: : : From "Handbook of Exoplanets” (G. Mulders, 2018).
« Disruption of orbits.
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8.4 MAGNETIC ACTIVITY AND DETECTABILITY

 Stellar magnetic activity causes:

« Radial velocity jitter.

« Brightness changes.
« E.g., the Sun as a star:

Solar RV {(m/s)

 Radial velocity variations due to spots, bright regions,
convection. D E

« Observations 2006-2014 => variation amplitude of ~ 5 ! | _
m/s (Lanza et al. 2016). 0.086 0088 0030 0092 00

0.084 0.096 0.098 0.100
Ca ll K

Solar RV vs. Call K-index
- Detecting the Earth with RV-method would require a (Lanza et al. 2016).
precision of ~ 0.1 m/s.

« Correlation with activity.
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8.5 ACTIVITY RELATED INTERACTION

* Interaction directly related to
magnetic activity:

« Magnetic fields.
« Stellar wind.

* Indirect activity related
Interaction:

 Tidal interaction.
 Radiation.
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Magnetic Tidal Stellar wind Radiative
interaction interaction interaction interaction
Chromospheric : O_rbital : Bow shocks Planetary Atmospheres
spots migration (spin- Aol e ets Shroras (creation &

l up of stars) ‘p l evaporation)
| |
visible, X-rays visible UV, visible radio, UV? UV, visible, IR

Different types of interactions between a planet
and its host star (Vidotto 2019).
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8.6 WHICH INTERACTION?

« Both tidal and magnetic interaction may
lead to spots on the stellar surface:

 Tidal interaction by raising bulges =>
anomalous activity.

* Magnetic interaction => magnetic field
lines linking the planet to the star =>
anomalous activity.

« Tidal interaction => 2 bulges => typically
modulation by P /2.

- Magnetl_c interaction => typically |dealized star and planet magnetic
modulation by P, interaction (A. Strugarek).
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8.7 COROTATING RADIUS

 Tidal interaction => force to synchronize P, and P_,,.

 Radius at which the orbital period P, is the same as the stellar rotation
period P, .

GM, Pf.r-:}t 3 0.02 Py rot 23 M, /3
Feo = _1_”_2 — U.Uz2 au 1 dﬁ}v ﬂj‘

» E.g., if planets orbital distance is > r_:

« =>tidal interaction (if significantly strong) pushes the planet farther from star.
e => star-planet interaction decreases.
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8.8 ALFVEN SURFACE

- The surface at which the stellar wind /%\ \’
speed (u) equals the Alfven speed 7 \
(va = B/ /4mp). / B
+ Inside the Alfvén surface: Wy, =
* The stars magnetic field (and i
gravity) dominates plasma “ i
motions.

« => Connectivity between magnetic
fields of star and planet.

« The Alfvén surface can be estimated Estimated Alfvén surface for the M-
(extrapolated) from a stars surface dwarf OT Ser (Vidotto et al. 2014).
magnetic field (+ stellar wind model).
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Astrotrail

Termination shock
Bow shock

8.9 STELLAR WINDS

ISM

Stellar wind

 Stellar winds are often quantified in
units of the current solar mass loss rate:

M o =2x 107" M yr!

 Stellar wind speeds can be estimated M AT
using the Alfvén speed v, = B/,/4np at : ‘
the transition region.

Astropause v 4

Astrosphere

log (L,/Lo)

« Magnetic activity decrease with age (t)

[ i
— . —
0 o ‘ » N0t corona ]

=> decrease In stellar wind, e.g. (Vidotto FRan S N - -
2021): _ g o X, u B
M Xt —0.99 s 000 o000 f,'o'ob'T"'('K') w00 a000 2000 _
Stellar astrosphere (O”Fionnagain (2020) and mass-loss
HELSINGIN YLIOPISTO rates in late-type stars (Cranmer & Winebarger 2019).
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8.10 STELLAR CME:S AND
EXOPLANETS

« Solar analogy: CME:s should be related to strong flares.
Solar CME in white light (ESA & NASA)

Velocity shift (km/s)
—-400 —-200 0 200

* Not always the case in active stars: Confinement of
plasma by strong fields?

3604.15

e Stellar CME:s => fast mOVing plasma => observable as 3604.10
Doppler shift in e.g., Ha-emission. (Why not use, e.g., 360405,
Lya A= 1215 A')) 3604.00-

3603.95

|

2450000
}

« Also X-ray and UV-observations used. " 3603.90]

HJD

3603.85

« Stellar flares are much easier to observe. (Why?)

3603.80

« Stellar CME:s will strongly affect nearby planets => 3603.75-
possible destruction of atmosphere. 360370
Wavelength [A]
Dynamic Ha spectra of V374 Peg (M4V): Strong
HELSINGIN YLIOPISTO i
HELSINGFORS UNIVERSITET flare events and CMEs (Vida et al. 2016).
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8.11 MAGNETIC ACTIVITY OF THE YOUNG SUN

« Stripping of Venus’, Earth’s and Mars’
early atmospheres by solar wind and
eruptions.

» Destruction of H,O on Venus by solar UV
=> reduced capture of C0O, => runaway
greenhouse effect.

« Stronger UV-radiation on Earth =>
facilitated emergence of life.

» Possible extra heating of Earth to
compensate for young faint Sun.

« Scattering and expulsion of interplanetary

Hadean | Archean

Proterozoic |Phanero.

1.00

0.90

0.85

0.80

0.75

Solar luminosity relative to today

0.70}

0.95+

Bahcall et al. (2001}

— — — Gough (1981)

Time before present (Gyr)

gaS and dust by Strong solar wind. Young faint Sun: Evolution of solar IuminOSity over the
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8.12 SPACE WEATHER OF GJ 436B

/

| Average for
Inactive M Dwarfs
fa=0.74

| (Loyd et al. 2018b)

» GJ 436: M2.5V, P, =~ 44 d.
» GJ 436b: M=25M _,R=4.1R , P,,=2.1d. o N

- Planet orbit is (probably) partly inside
the Alfvén surface of GJ 436.

 => Triggering of flares.

« => Anomalous flare energy distribution.

Flare energy distribution (Lloyd et al.
2023), Alfvén surface and stellar wind for

HELSINGIN YLIOPISTO -
HELSINGFORS UNIVERSITET GJ 436 (Vidotto et al. 2023).
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8.13 POSSIBLE AURORA DETECTION

= YL v . K 0.4 L
g s . - L | b 7 - - L] |03 §
« GJ 1151: M4.5V, P, t =125+ 23 d. 2 P ae
- Observations from Low Frequency < T 7
Array (LO FAR’ V S 1 5 O MHZ) TWO- \@oer_o;’ Q@QQ.Q" @“ép; Q@Q&,o;’ °@°@9;\§°&96 (:@(\09" Q@(\b@a 6_\\:;1,9" 0@@@%
Metre Sky Survey (LOTSS). DR <. . Al UL .

o Intensity images of the region of GJ 1151 for 16 June 2014 and
e Source visible on June 16, but not 28 May 2014. Stokes-V in the inserts (Vedantham et al. 2020).

May 28, 2014. - -

126 + 125
. . . . ;‘I.DD * ;‘IDD +
 The emission consistent with sub- Fost i + f i t * f I i
7 . . . o g 050 F g E 050 L
Alfvenic interaction with an Earth- .
size planet with P_,, ~ 1-5 d. asf osb
HELSINGIN YLIOPISTO Temporal gﬁgespecfral variability of the of the radio
HELSINGFORS UNIVERSITET source in GJ 1151 (Vedantham et al. 2020).
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8.14 HABITABLE ZONE (HZ) FOR EXOPLANETS

Optimistic Habitable Zone

 Usual definition: Distance
region from host star, where r - ORI
water based life is possible e ' . i ' \Conservative Habitable Zone

« Kepler data estimates for
Milky Way:

« ~10 billion Earth-sized

o
=
o)
—
v S
fra}
. ([
|
9]
o
o]
‘_

& 4420

1 : @ ¢ | g@ *3°° . & 1410 ' @

planets orbiting in HZ of &9 RN A e R I
Sun-like stars. | Cso0n Giesdgerce @,

3 & rox cen
; . > ' . C 1lg
ry . 6 _ TRAPPIST-1d - o

e ~30 billion red dwarfs in the . | : _ i s € - - ug ¢

. , 150% .- 125% .. 100% -« = 75% -
Mllky Way IRl ralc Elhet Ll i ' 'Starli;ht on plane‘: relative to sounlight on'anrth
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8.15 MAGNETIC ACTIVITY AND HABITABILITY

Position of HZ changes as stars evolve.

Most Earth size planets within HZ are hosted |
by M-dwarfs. (Why?) o

L ess luminous star < HZ closer to host star.

RN | T TTTTT TorTT T LR | TorTTT T T T T
1 Mg, Zg, stondard, 1 Mg __ Kopparapu et al. 2013/2014

..... Selsis et al. 2007

__ Underwood et al. 2003

Close distance:

Distance (AU)

« Tidal effects (tidal locking). 2| |
« Possible magnetic interaction.
« Strong effects from flares, CME:s and stellar wind. ° B ;39 '(@y’r)'"%'éo — o0 6000

For G and K-type stars, magnetic activity

may also help emergence of life. Evolution of the inner (red) and outer (black)

limits of solar HZ (Gallet et al. 2017).
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