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Jeuva Introduction
Exoplanetary atmospheres evolve
under the action of stellar : : The space weather - planet
radiation and magnetic plasma Young, fast rotating solar-like Interaction may produce
outflows, coming also in the form stars exhibit enhanced levels of in form of bow
b
of transient high-energy events shocks, cometary tails...
like

-
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quvj AB Dor: A Stellar Lab i

Why AB Doradus?

4 (50 - 100 Myr) late type (KOV) star
v d=
§ :
v R=0.86 Ry, M =0.76 ¢ 8,
v P.otx« = 0.5 days ;é
5 .
v' Strong signs of (surface
magnetic fields >= 500 G, starspots, high XUV
emission)

v Observed in many spectral ranges

| Lnndilude 'lt)ecﬂ “

Magnetic field maps from Doppler-Zeeman Imaging: Adapted from Cohen et
al. 2010
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JoUVa Observing AB Dor flares in the UV with HST

Temporal evolution of FUV spectragl tracers of hot (T~10%) Qlasmas
in the transition region: CIV (1448A-1551A) and SiIV (1393A -
14024)

High resolution spectra: HST Goddard High Resolution @ M ; M A, M
Spectrograph (R ~25000) observations of AB Dor (1994 Nov 14 — 15) SR SRS SRR S

Tracking the flaring activity: exposition times of ~1300s

Main results of the observations: Decay flare time, energy TR T T T
released, shape of the lines profiles and physical processses involved " M M AN WA
3
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Jeuva  Flare

Activity in AB Dor

What we foun

d from the observations...

events were observed in 0.84 rotation periods:

Three different profiles were observed:

clv
° M B I I T T 1 : T T T 1 | T T 1 1 T I T T 1 ; T T T 1 I I T T 1 1 I | T T T 1 ] I T T 1 T T 1 B 2
Mos)t common type of profile ( [ Ev.2 $=1.286 F Ev.2 $=1.293 F Ev.2 $=1.300 1
. FWHM <120 km/s 5 5 + J1
* Redshift: 35-90 km/s : : : WE E
* Decay time: w I _WA’\’\M’A‘M‘T 0
« Physical process: - . + _ + . :
(free_fall | l | I N N N S I S | l L1 11 1 l I T T - O B | l L1 11 1 l | N - T O | l 11 1 1 _1
height of 30 000 km) —500 0 500 1000
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seuva  Flare Activity in AB Dor

* Strongest Flare (x3 Quiescent Profile)

« FWHM ~300 km/s

+ Extended Asymmetric Blue Wing (400
km/s)

* Decay time: 440s

* The flare is most likely produced in
a

« Physical process: gas flows in curved
magnetic structures (large magnetic
loops, interaction between

Clv
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scuva Flare Activity in AB Dor \

e The 1s the dominant one in the profile Fv. 1 $=0.978

* Decay time:

:

» Physical process: possible absorption caused by the
hot component
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quvj From Flares to CMEs

Solar CMEs

 Flares and CMEs generally are closely

- e activity (UV, optical, X-ray)
related: “1-1” ratio for high flare energies =

—
e

 ~10 flares per rotation
« 1 -5 flares per rotation
* Energies: 1034 - 1036 erg
* Energies: 1033 erg (max)
ities: Several orders of magnitude

* Velocities: [200 - 3000] km s'1 higher

* Ejected Mass: 1x10 g (average) Same physical processes as in the Sun

« Empirical CME energy — mass relatia »a. R 8 o * Ejected Mass:~1x1019¢g
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Jeuva The Winds of AB Dor

An analytical approach

» Fast Magnetic rotators: Stellar winds are
accelerated due to
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* Weber & Davis (1976): Solution of MHD
conservation equations for fast magnetic rotators

 Model Inputs

Radial Velocity (km/s)
—— M=1x10"13
M= 1x10"12
— M=1x10"1
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solar-like stars)

wind

] G (according to ZDI maps of AB Dor)

(Fx flux — coronal temperature relations)

] Mg yrt (rotation-mass loss relations for
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Density (cm3)

—— M=1x10"13
M = 1x10~12
—— M=1x10"1

2 4 6 8 10
distance (Rs)

Radial Magnetic Field (G)

—— M=1x10"13
M=1x10"12
—— M=1x10"11
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quvé"' Interaction CMEs and Plan'é’ts/

% CMEsSs result in an increase of mass and density 1in contrast to the ambient stellar wind of the
star

< Shocls may be produced in this ambient, leading to magnetic observable structures in the
interaction with planets and their atmospheres

+» How will these interactions be?

’/\—-’ 1.0 AU
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quvj" Interaction CMEs and Planets

Earth-like extended hydrogencic exospheres

Semi-empirical approach based on the known distribution of Earth’s exospheric particles

Log Density Log Density Log Density Log Density
[ ] T T [ ]

3.4 3.8 4.3 4.7 3.4 4.4 5.5 6.5 3.4 5.2 7.0 8.7 3.4 5.4 7.4 9.4
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JeuUva Interaction CMEs and Planets

.

: : B Boundary conditions (CMEs parameters)
2.5 MHD simulations
,_ B Wind Velocity (300 - <1000 km/s)

Wind Density (10 -1x103) cm™3

PLUTO code (Mignone et al. 2007)

@ Interior values
O Boundary values

- | Initial conditions (ambient stellar wind and
e | 1 * B planetary exospheres)
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Cell Centered Variables
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Jeuva Interaction CMEs and Plaﬁﬁt‘(

-
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Canet & Gomez de Castro (2021) Exospheric density

velocity/density

CME
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JcUV:P

Interaction CMEs and Planets

-V, ~ 1200 km/s

oFE n ~2 x 103 cm3

B~1x 103G

V, ~ 800 km/s

n ~ 500 cm3
B ~1x 103 G

% . -
3 [ S| E B
5.3 75 9.7 4.0 6.6 9.0
= 20 0 20 40 ~20 0 20 40
-V, ~ 500 km/s V, ~ 300 km/s
- n ~ 60 cm3 n ~ 10 cm3
- B~ 1 x 103 G B~1x 103G
E [ B C |
i 0.6 4.9 9.3 -0.5 4.4 9.2
-20 0 20 40 ~20 0 20 40

Earth’s exosphere model
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quvj To summarize %

.

* High resolution UV spectroscopy result in an useful tool to identify flare activity in magnetically active
young stars, and the only suited to classify events by their associated kinematics.

 AB Dor exhibits a : 9 flares have been detected 1n less than one rotation period
* The spectroscopic signature of flares in hot plasma is not always the same
, with velocities and densities exceeding those of the solar CMEs

» Stellar wind parameters for AB Dor have been obtained from an analytical approach, considering
magnetic-centrigual driven MHD flows

 Numerical simulation between the fast, dense CMEs of a star such as AB Dor and the Earth-like
exopsheres of terrestrial exoplanets lead to the and the
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