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ety Planet-star interactions: The role of stellar winds

2. Stellar Winds
« XUV radiation (<912 A) controls the evolution of the first atmospheres around Earth-like exoplanets.
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play also a fundamental role on
atmospheric evolution, shaping the morphology
of the remanent atmospheres (detection) and
driving additional atmospheric losses (survival).
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Stellar wind impact on early atmospheres around
unmagnetized Earth-like planets

1.Introduction

2. Stellar Winds
AIMS OF THIS WORK

3. Modelization

4. Results 1) Study the contribution of stellar winds to the evolution of the primordial atmospheres in
photoevaporation around terrestrial planets (50 - 500 Myr).
5. Possible

emission? Work in 2) Evaluate influence of stellar winds from both fast- and slow-rotating stars.
progress

3) Evaluate possible emission in UV tracers (T~104-10° K) from plasma interaction. Detection with future

6. Conclusions infrastructures (HWO).

Solar-like star
1Rp, 1 Mg,
1Rg, 1 Mg Two regimes:
Unmagnetized

> 3D MHD simulations

» Canet, Varela & Gomez de
Castro (2024) - MNRAS
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neeEEen Stellar wind evolution: fast- and slow-rotating stars
2. Stellar Winds Evolutional models for SW ‘ingredients’ Weber & Davis model for the stellar wind
.. structure
3. Modelization g
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6. Conclusions
Super-fast magnetosonic SHOCKS
Super-Alfvénic I
Stellar wind parameters: Fast rotator EXPECTED!
model Age (Myr) v, (km/s) wvg (km/s) n, (cm™) B, (mG) By (mG) T (MK| Ma M; | pram (dyn cm™2) SAT
F1 50 2629 67 66 0.418 6.91 4.1 1.4 1.4 7.6x107° yes
F2 150 1948 39 51 0.418 3.33 4.1 1.8 1.8 3.2x1076 yes
F3 300 1525 10 38 0.331 0.94 3.7 4.2 3.5 1.5x1076 no
F4 500 1175 3 24 0.121 0.26 2.2 9.0 5.1 5.5x10~7 no
Stellar wind parameters- Slow rotator
model Age (Myr) v, (km/s) wg (km/s) n, (cm~>) B, (mG) By (mG) T (MK| Ma M; | pram (dyn cm=2) SAT
S1 50 1005 1.7 20 0.075 O 134 1.7 13.4 5.5 3.4x10~"7 no
S2 150 969 1.5 17 0.065 0.107 1.6 14.3 5.5 2.6x10~7 no
S3 300 929 1.4 31 0.058 0.092 1.5 153 5.6 2.2x10~7 no
S4 500 804 1.4 29 0.054 0.085 1.1 13.9 5.5 1.6x10~7 no
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1.Introduction Modellzatlon Y

2. Stellar Winds Q
PLUTO MHD ideal module PN
S. Modelization r € [2.5,60R,] 732 points
4 Results 3D, Spherical coordinates 0 c [0,7] 96 points X
_ ¢ € [0,27r] 192 points

o Possible (RESOLUTION: 0.08 - 1.9 R,) oo
emission? Work in XY plane (ecliptic)
progress op 3
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1.Introduction Modelization: Photoevaporating atmospheres

2. Stellar Wind . 10°F —
shar TS 1D HD models of the evolution of planetary F
- CASE D

atmospheres under the influence of XUV radiation 107¢

3. Modelization

102 F CASE C SLOW-ROTATING _

4. Results Case Cin Johnstone etal. (2015, initial f,,,, = 0.01M,)
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6. Conclusions o F
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Atmospheric parameters: Fast rotator
Lem™2) fatm Ry (Ry) M (1x10°g/s) T (K) ng(cm?)

model Age (Myr) Fxpy (ergs™

F1 50 3443 1 x 1072 2.4 6.1 5000 6.5 x 10°
F2 150 3443 5x 1073 2.0 5.5 5000 6.0 x 108
F3 300 2268 1x1073 1.7 3.9 4000 4.7 x 108
F3b 300 2268 1x1076 1.7 1.9 4000 2.0 x 108

| F4 500 542 - - - 2000 1.0 x 10° |

Atmospheric parameters: Slow rotator

model  Age (Myr) Fxuyy fatm Ro (R,) M (1x10°g/s) T (K) ng (cm=3)
S1 50 224 1 x 1072 2.4 1.2 1200 2.6 x 108
S2 150 182 1x1072 2.4 1.0 1100 2.5 x 108
S3 300 132 8 x 1073 2.3 0.8 1000 2.1 x 108
S4 500 95 7x 1073 2.2 0.5 900 1.5 x 108
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1.Introduction Modelization: Photoevaporating atmospheres

2. Stellar Winds
Johnstone et al. (2015, 1D HD models, heating by XUV radiation)

3. Modelization
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model Age (Myr) Fxpy (ergs~tem™2) T (K) ng (cm™3) il —— 25 1% —
F1 50 3443 5000 6.5 x 103 F3, F3b F3b
F2 150 3443 5000 6.0 x 108 20| 201 --- s
F3 300 2268 4000 4.7 x 108
F3b 300 2268 4000 2.0 x 108 - ~ s
F4 500 542 2000 1.0 x 108 g £
model Age (Myr) Fxuy T (K) ng (cm™?) 2 )
S1 50 224 1200 2.6 x 10% 054
S2 150 182 1100 2.5 x 108 51
S3 300 132 1000 2.1 x 108
S4 500 95 900 1.5 x 108 ol : : : : : : : ) : : , : : : :
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Results

1.Introduction

2. Stellar Winds

3. Modelization

4. Results

5. Possible
emission? Work in
progress

6. Conclusions

FAST-ROTATING STARS

z 4 F3:300 Myr
- //4/ M=38x107gs"
4 /

number density (cm)

4.6401 1.0e+3 1.0e+4 1.0e+5 1.0e+6 1.0e+7

number density (cm™3)

2.e401 1.0e+3 1.0e+4 1.0e+5 1.0e+6

I

Ada Canet - Stellar wind impact on early terrestrial atmospheres

1.0e+7
I

8/17



o il M=61x107gs" & 3 M=55x10°gs"
Results ( (
1.Introduction Am-;’ | b
Q‘f uf'- 93& o0
_ FAST-ROTATING STARS | ’
2. Stellar Winds - A
40+ ‘:\\ N s 404
N S =
3. Modelization .. JAE. A
-60 -40 20 X (Ep) 20 40 60 -60 -40 20 X (%D) 20 40 60
0.0e+000.5 1 15 2 25 3.1e+00 0.0e+00 1 16 2 25 3 3.6e+00
I e I —

4. Results
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Results

1.Introduction

Fast-rotating stars: strong stellar winds

| Stellar Wind mmm) P, . =7.6x10¢dyncm? x 0.4 x0.5 X1.0
2. Stellar Winds — — >
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Results

1.Introduction

2. Stellar Winds

3. Modelization

Pram =p %

4. Results

5. Possible
emission? Work in
progress
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6. Conclusions
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Slow-rotating stars: faint stellar winds
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Results: Stellar wind driven atmospheric mass-loss

1.Introduction

2. Stellar Winds

3. Modelization

4. Results

5. Possible
emission? Work in
progress

6. Conclusions

601 ; : f ‘
) -60 -40 -20 20 40 60

X (R)

Increase of the atmospheric mass-loss rate

Fast-rotating stars: 1% (50 Myr), 4% (150,300 Myr), 1% (F3b, 30 Myr)

Slow-rotating stars: 4% (50, 150 Myr), 2% (150,300 Myr)
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1.Introduction

2. Stellar Winds

3. Modelization

4. Results

5. Possible
emission? Work in
progress

6. Conclusions

Results: the interplanetary magnetic field
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9.1e+07
Electronic density
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Possible double-shock emission
Work in progress
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Ly-alpha emission
1 Introduction Planet in photoevaporation around a young (50 Myr), active star

2. Stellar Winds

3. Modelization

4. Results

5. Possible z

emission? Ferd .
Work in NX

progress

6. Conclusions

L4 flux (erg s-1 cm-3 sr-1)
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1.Introduction

2. Stellar Winds
3. Modelization
4. Results
5. Possible

emission? Work in
progress

6. Conclusions

Conclusions

First study of the impact of stellar winds on the primordial atmospheres accreted by terrestrial planets:
Fast and slow rotators.

Fast-rotating stars: Significant decrease (10 Rp) in extension at early ages (50 Myr), with an increase up to
300 Myr (25 Rp), and decrease in parallel to atmospheric loss (300 Myr). Additional mass loss: 1% - 4%

Slow-rotating stars: No significant changes in the evolution of atmospheres in the period between 50-500

Myr due to the action of stellar winds. Stable atmospheres with extension of ~20 Rp. Additional mass loss:
2% - 4%

so4  __.-=mTT T

40 4

30 A

Extension (Rp)

20 A
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100 200 300 400
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500
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1.Introduction

2. Stellar Winds
3. Modelization
4. Results
5. Possible

emission? Work in
progress

6. Conclusions

Conclusions

Importance in detectability: Decrease in excess absorption during the transit of the planet
in the case of small atmospheres (fast-rotating stars).

Atmospheric mass-loss: Small contribution compared to the atmospheric loss driven by
the stellar XUV radiation.

Numerical simulations, including magnetic fields, are fundamental to predict
atmospheric footprints around Earth-like planets

Hot plasma accumulation in front of the planet may result in sighificant emission in UV
tracers!!
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