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Star-planet interactions as a way to further characterise 
exoplanetary systems
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particles: coronal 
mass ejections, stellar 

winds, etc

radiation: flares, 
coronal emission, etc

Stellar activity shape 
environment around planets
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How do winds and high-E radiation evolve?
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Vidotto 2021, Living Reviews in Solar Physics
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Interplanetary medium: stellar wind particles + magnetic fields
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HD189733b’s orbit

Simulations by A. Vidotto

Earth 
1AU≈215Rsun

hot-Jupiter 
0.05AU≈6Rstar

© Vidotto

‣ higher density external environment

‣ higher ambient magnetic fields

‣ higher radiative flux

Close-in planets 
experience overall 
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Planet-star interactions through 
stellar winds (particles & 
magnetic fields)

Planet-star interactions through 
radiation (plus winds)

Outline

1
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Planet-induced 
radio emission in 
stellar coronae

Auroral emission 
from exoplanets

Radio emission from 
star-planet interactions
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Types of radio emission: 1) Emission from the planet’s magnetic field
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Credit: NASA

Emission occurs at the cyclotron frequency

fc = 2.8 Bplanet MHz


Bplanet ~ [1,10] G → emission at [2.8, 28] MHz
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Types of radio emission: 1) Emission from the planet’s magnetic field
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V711 Tau  
(RS CVn 
magnetic 
binary) 

Incident wind power (W)
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Zarka et al 2015

scaling law seems to apply more generally to 
any plasma flow-obstacle interaction 

exoplanets ?

Why search for this 
emission?

• direct detection of 

exoplanets 

• detection would 

demonstrate that a planet is 
magnetised 
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Types of radio emission: 1) Emission from the planet’s magnetic field
• Many searches have been unsuccessful

‣ Observations not sensitive enough?

‣ Low stellar wind power?

‣ Small planetary field? Frequency mismatch.

‣ Atmosphere of planet not allowing emission? 

‣ Emission beam not directed towards us? 
 

• Great news! 

‣ Turner et al 2021: Bursty emissions from Tau 

Boo at ≈15-30 MHz (LOFAR) → planetary radio 
emission?

➡needs follow up


‣ Planetary magnetic field ≈ 5-11G

9

A&A 645, A59 (2021)

(a)

(b)

Fig. 5. Time-series (Q1a; panel a) and integrated spectrum (Q1b;
panel b) in Stokes-V (using |V 0| as defined in Eqs. (9)–(11) of T19) for
⌧ Boo during the observation L570725. Panel a: the ON-beam shows
excess signal above both OFF beams at all times. Panel b: the signal in
the ON-beam is concentrated between 21 and 30 MHz and is distinctly
different than in both OFF-beams. In both panels, the two OFF beams
are equivalent within the error bars, calculated assuming pure Gaussian
noise (� = 1/

p
b⌧). The dynamic spectrum for this signal can be found

in Fig. 6. We find by performing Gaussian simulations that the proba-
bility to randomly reproduce the signal in the ON-beam curve in Q1a
is 2.1 ⇥ 10�12 and 1 ⇥ 10�18 for Q1b. This probability corresponds to a
statistically significant detection of 6.9� and 8.6�, respectively.

frequency direction to reduce the noise. The ON-beam signal
is clearly seen as structured excess emission in panels a and c.
These structured features are very similar to the observed radio
dynamic spectrum of Jupiter (e.g., Zarka 1998; Marques et al.
2017). There is no equivalent large scale structure in the OFF
beam difference plot (panel d), confirming that these two beams
are very similar to each other.

Panel b in Fig. 6 shows that the OFF beams contain a
replica of the ON signal. The signal is ⇠1.6 times fainter in
the OFF beam dynamic spectrum when compared to the ON-
beam (panel e). We found convincing evidence that the replica

signal in the OFF beam originates from the ON beam. Using
the pulsar B0809+74 observation L570723 (taken 15 min before
observation L570725), we detect the pulsar in the ON-beam but
also in the two OFF beams (Fig. G.2). Additionally, we examine
the Jupiter observation L568467 (data taken from T19) and find
that the ratio of the ON to OFF beam flux is S (ON)/S (OFF) ⇠
1.6 (Fig. 7). The flux density ratios (ON/OFF) for the Jupiter
observation is consistent with the value found for the ⌧ Boo
observations. The replica signal is likely caused by imperfect
phasing of LOFAR at the epoch of the observations, which
leads to strong side lobes within the station beam (personal
communication from M. A. Brentjens, ASTRON).

We explored several non-astronomical sources (e.g., instru-
mental systematics) for the signal in the ON-beam in observation
L570725. First, during each of our observations, 1-2 LOFAR
stations did not operate optimally (cf. Table A.1, second-to-last
column). Close inspection showed that the ON-beam signal in
this observation was not caused by this (see Appendix H for
details). Next, if the ON beam signal was a permanent instru-
mental effect, it should also appear in the observation of the
pulsar B0809+74 (observation L570723, preceding the ⌧ Boo
observation by 16 min). We find no such large scale features in
the range 20–30 MHz in that observation (Fig. G.2). This sug-
gests that the ON-beam signal is either real excess flux in that
beam or a time-variable instrumental effect. Finally, low-level
features in the integrated spectrum (Q1b) are seen for all ON
and OFF beams for all targets (Fig. D.1). For each observation
except L570725 these features do not change in time and are
similar for the ON and OFF beam within the error bars. The ON-
beam feature in observation L570725 (Fig. D.1f, orange line) has
an amplitude comparable to the features seen in ON and OFF
beams in all other ⌧ Boo observations (Figs. D.1e,f). However,
both OFF-beams in observation L570725 have a lower ampli-
tude, leading to the detection of an excess signal (ON-OFF).
The fact that the ON-OFF excess is caused by a lower level in
the OFF beam rather than a higher level in the ON-beam casts
some doubt about the astrophysical origin of the detected signal.
However, the time-frequency structure in the dynamic spectrum
of observation L570725 is not the same as for the other obser-
vations. The differences between the dynamic spectra (Fig. I.1)
show large scale systematics, which suggests a different source
for the emission in this observation.

Summarizing the detailed arguments presented above and
in the Appendices, we could not identify an instrumental ori-
gin or systematic error for the excess ON-beam signal detected
in observation L570725. The amplitudes of ON and OFF signal
on that day compared to the other dates encourage us to skepti-
cism, but the time-frequency structure of the signal leaves some
room for an astrophysical origin. In all cases, follow-up obser-
vations with several radio telescopes are necessary to confirm or
invalidate this potential signal.

5.2. � Andromedae

For � And, we detected burst emission in the frequency band
14–38 MHz in observation L545197 (2016-09-08) using the Q4f
observable (Fig. J.1). The Q4f signal consists of 8 data-points
greater than ⌘ = 2� and a Q4fDiff curve above the 2 sigma
Gaussian reference curve (Fig. J.1c).

Similar to Sect. 5.1.1, we find an approximate emission flux
of 1.3 ⇥ �LOFAR(1+0.20)⇠ 540+460

�240 mJy using Eq. (4) and taking
into account the 20% extra noise mentioned in Sect. 3. The prob-
ability that the ON�OFF Q4f curve is a false positive is 1.3%
(assuming Gaussian statistics), equivalent to a 2.2� detection.

A59, page 10 of 28

Turner et al 2021
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Types of radio emission: 2) Planet-induced radio emission
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Star

(Jupiter)

Planet

(Io)

Alfvén waves

ECMI

sub-Alfvénic orbit (stellar magnetic 
energy dominates over kinetic energy)

Highly-polarised emission from the  
M dwarf GJ 1151 at 120 – 160 MHz

Vedantham+20

Consistent with cyclotron maser 
emission induced by a planet  
with Porb ~1 to 5 days

Emission occurs at the cyclotron frequency

fc = 2.8 Bstar MHz


Observations at [120,160] MHz → Bstar ~ [40, 60] G  
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Types of radio emission: 2) Planet-induced radio emission

• More apparently inactive 
M dwarfs showing highly-
polarised radio emission 
at 120 – 160 MHz 

• most quiescent sources: 
emission could be planet-
induced emission

11

Supplementary Figure 2 Soft (0.2-2.0 keV) X-ray luminosity LX against radio luminosity

L⌫,rad. The literature data for the chromospherically-active stars used to derive the original

Güdel-Benz relation are plotted as coloured triangles or squares32,33, with the best fit to

the literature data indicated by the red line (LX / L0.73
⌫,rad). Some ultracool dwarfs with X-

ray and radio detections are shown in yellow34. There are other ultracool dwarf systems

with lower X-ray luminosities that are off the scale of this plot. Our 144 MHz radio sample

(all with spectral types earlier than M7) is represented by black symbols, with triangles,

25

Callingham et al 2021

Detection of this emission can 
tell us about the stellar wind 

mass-loss rate 
See Rob Kavanagh’s talk



Strugarek et al 2015

Enhanced “Anomalous” 
stellar activity

• Star and planet connected to each 
other through magnetic field lines


• Formation of “hot spots” which could 
enhance chromospheric activity 

hot spots
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Planet causing enhanced activity on the star: HD179949

13

HD179949

Anomalous stellar activity modulated by P_orb

Shkolnik et al 2008
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Anomalous activity can constrain planetary magnetic field
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Mpsin(i)/Porb ∝ planet’s magnetic moment
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and the extra heat deposition model supports the idea of hot mas-
sive planets hosting much stronger magnetic fields than would be 
expected from considering only the thermal evolution of the planets 
and their slow rotation30,31. More flux-calibrated SPI detections are 
needed for planets with known radii (that is, transiting planets), to 
enlarge the comparison sample.

Our results contrast with the small magnetic moments for hot 
planets derived using models of exospheric Lyman α absorption. A 
magnetic moment of ~0.1 μJ, where μJ is the magnetic moment of 
Jupiter, was found for HD 209458 b (ref. 42). The extra heat deposi-
tion models estimate a polar surface magnetic field strength for HD 
209458 b of ~49 G (ref. 38), approximately three times stronger than 
Jupiter’s surface field. Similarly, the magnetic moment for the hot 
Neptune GJ 436 b was estimated to be ~0.16 μJ (ref. 43). These mod-
els, however, rely on highly uncertain parameters (for example, plan-
etary mass loss rate and stellar wind density) and, in the case of HD 
209458 b, a low signal-to-noise Lyman α transmission spectrum.

The large planetary field strengths we find for our sample have 
important consequences for the detection of radio emission from 
the planets’ magnetospheres. It has been suggested that the dense 
ionospheres of some hot Jupiters may quench any radio waves 
generated by the electron cyclotron maser instability since the 
plasma frequency will be greater than that of the radio emission44,45. 
However, this is generally only the case for weak planetary field 
strengths of the order of ~1–10 G and planets with extended iono-
spheres46. For the planetary field strengths we find here, conditions 
are more favourable for the generation and escape of radio waves 
produced by the electron cyclotron maser instability. The peak 
radio frequencies emitted by the electron cyclotron maser instabil-
ity for our sample, which is νpeak ≈ 2.8Bp0 MHz (ref. 3), are 56 MHz, 
240 MHz, 327 MHz and 232 MHz for HD 189733 b, HD 179949 b, τ 
Boo b and υ And b, respectively. Radio observations of our sample 
near these frequencies will be useful in confirming our derived field 
strengths, which will aid in illuminating the most dominant physi-
cal parameters for predicting giant planet magnetic fields.

Methods
Observations and data reduction. High-resolution spectra (resolving power, 
R ≈ 65,000–110,000) of our targets (Supplementary Table 1) were obtained with 

NARVAL on the 2 m Bernard Lyot Telescope, or Gecko or ESPaDOnS (Echelle 
Spectropolarimetric Device for the Observation of Stars) on the 3.6 m Canada–
France–Hawaii Telescope. We give the references for the original publications in 
Supplementary Table 1. Data reduction details can be found in these references, 
but a brief summary is given here. Standard reduction steps were performed for all 
exposures, including bias subtraction, or dark subtraction in the case of the Gecko 
data, !at "elding and wavelength calibration using a reference lamp exposure. All 
data from ESPaDOnS and NARVAL were reduced using the automated pipeline 
Libre-ESpRIT. #e typical signal-to-noise per pixel in the continuum near Ca ii K  
for an average nightly spectrum ranges from ~300 up to ~3,000. All spectra are 
corrected for Earth’s heliocentric motion, the system’s radial velocity and the radial 
velocity induced by the planet on the star.

All of the stellar and planetary parameters and their uncertainties are  
given in Table 1. Uncertainties for the orbital periods and semi-major axes are 
negligible and are omitted from the analysis. We estimate the radii of the  
non-transiting planets by using a probabilistic mass–radius relationship47. For 
hot Jupiters, the radius is also a function of incident stellar flux, with more highly 
irradiated planets having larger radii for a given mass41. This results in a large 
radius spread of ~15% at a particular mass47 since most of the Jupiter-mass planets 
with known radii are hot Jupiters. We thus consider the planetary radii to be 
uncertain at the level of 15%.

Calculating the Ca ii K fluxes. High-resolution spectra are not, in general, flux 
calibrated, which makes it impossible to use the SPI signals to derive planetary 
magnetic field strengths. Estimates of the surface flux can be obtained by using the 
absolute fluxes from PHOENIX model spectra of the same effective temperature (Teff).  
These PHOENIX models have been used in previous studies for a similar 
purpose48,49 and are currently the gold standard in stellar photosphere models for 
FGKM main-sequence stars.

To estimate the Ca ii K surface fluxes of our objects, we used a grid of 
PHOENIX model spectra50 with logg = 4.5 and [Fe/H] = 0.0, where logg is the 
surface gravity and [Fe/H] is the metallicity. Before applying the PHOENIX spectra 
to the data, it is important to understand how well the model surface fluxes predict 
measured flux values.

To accomplish this, we retrieved the latest version of the Next Generation 
Spectral Library (NGSL) from the Mikulski Archive for Space Telescopes  
database (https://archive.stsci.edu/prepds/stisngsl/). The NGSL contains  
374 stars with spectra covering λ = 2,000–10,000 Å at R ≈ 1,000, observed  
using the Space Telescope Imaging Spectrograph on board the Hubble 
Space Telescope. To ensure that we used NGSL stars with well-determined 
parameters only, we cross-referenced the NGSL objects with those from the 
PASTEL catalogue51, resulting in 295 matches. Since our targets comprise 
main-sequence FGK stars, we selected objects from the remaining sample with 
4,500 K < Teff < 7,000 K, 4.1 < logg < 4.7 and −1.0 < [Fe/H] < 1.0 only. These cuts 
resulted in 38 final objects.

Converting observed fluxes into surface fluxes requires knowledge of the 
object’s distance and radius. All of the final 38 objects have well-known distances 
as they all reside <100 pc from the Sun. To derive radii for the sample, we used the 
Teff and logg values from the PASTEL catalogue and a recent Teff − M★ relationship, 
where M★ is stellar mass52. We then solved for R★ using the measured logg values 
and the interpolated M★ values.

Once the NGSL spectra were converted into surface flux, we took the mean 
flux value in two continuum bands between 3,885–3,915 Å and 3,980–4,010 Å. We 
performed the same steps for the PHOENIX model spectra, which we convolved 
down to the spectral resolution of the NGSL spectra. An example of a comparison 
between the NGSL star HD 21742 with Teff = 5,160 K and the corresponding 
PHOENIX model of the same Teff value is shown in Supplementary Fig. 1. The 
resulting mean NGSL and PHOENIX model fluxes are shown in the top panel of 
Supplementary Fig. 2; the bottom panel shows the ratio of the model fluxes to the 
NGSL fluxes.

Overall, the measured fluxes are well approximated by the PHOENIX models. 
However, there is a trend in the flux ratio: the models tend to overpredict the 
measured values for Teff ≲ 5,500 K by ~10–30% and only slightly overpredict 
them for larger Teff values. A typical example of the overpredicted flux is shown 
in Supplementary Fig. 1. To account for this trend in Teff, we fit a power law to 
the Fmod/FCaii values, where Fmod is the PHOENIX model flux value and FCaii is the 
measured NGSL value, in the lower panel. The fit is performed using a Markov 
chain Monte Carlo procedure based on affine-invariant sampling53,54. The best-fit 
result and 68% confidence intervals are shown with the solid orange line and grey 
band, respectively. This fit is applied to all of the Ca ii flux derivations for our SPI 
sample. We note that for most objects the correction is <15%.

The exact cause of the larger model discrepancies at lower Teff values is 
unknown. The NGSL spectra were observed with the 52″ × 0.2″ slit, and there is no 
evidence of a systematic error in the flux calibration as a function of stellar colour. 
PHOENIX model surface fluxes between 3,900 Å and 4,000 Å for logg = 4.0–5.0 
differ by only 15% at most, ruling out the constant logg of the models as the cause. 
The difference is probably due to the local thermodynamic equilibrium treatment 
of most atomic species in the models, which can substantially change the flux in 
the wings of strong lines such as Ca ii K.

HD 189733 b
HD 179949 b
τ Boo b
υ And b
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Fig. 3 | Magnetic field strengths. Magnetic field strengths from equation (2)  
and those calculated using the extra heat deposition models38 for the 
case of ε!=!0.2% from Table 3. The grey line is the line of equal values. 
Uncertainties are 1σ values and are derived by propagating the parameter 
and power errors in quadrature. There is some correspondence between 
the SPI field strengths and those from the extra heat deposition models, 
supporting internal heat flux descriptions of magnetic field generation in 
hot planets.
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Cauley et al 2019

Shkolnik et al 2008
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hot Jupiters: ≈ 20 G to 120 G
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Planet-star interactions through 
radiation (plus winds)2

©Garlick/U.of Warwick

photo-evaporation

EUV+X-rays irradiation
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Using spectroscopic transits to probe atmospheric escape

16

Transmission spectroscopy 
During transit, stellar radiation 
is transmitted through the 
exoplanet’s atmosphere

broadband optical:  
shallow transit

Lyman-α:  
deep transit
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1. Take a spectrum of the star at out-of-transit time

2. Take a spectrum of the star during transit

3. Divide the two to find % of absorption by the 

planetary atmosphere



Star-planet interactions as a way to further characterise exoplanetary systems Aline Vidotto

Escaping atmosphere of close-in gas giants
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Lavie et al 2017

transit depth ~ 60% (!)

Allard et al 2018 
see also Spake et al 2018

HeI triplet: WASP-107b

A&A 623, A58 (2019)

Fig. 4. Top panel: transmission spectrum of WASP-107b in the region
of the He I triplet (black points) in the planet frame. The red line shows
the theoretical profile obtained with the EVE code for the model shown
in Fig 6. The green line shows the contribution from the model ther-
mosphere alone. The three vertical grey dashed lines correspond to the
helium triplet transition. Bottom panel: helium light curve integrated
from 10 832.80 to 10 833.55 Å from the observations (black), the the-
oretical atmospheric continuum (grey) obtained with Batman, and the
simulated EVE atmosphere (same colour code as the top panel). The
two vertical black dashed lines correspond to the contact points tI and
tIV, and the two vertical grey dotted lines correspond to tII and tIII.

Fig. 5. Comparison between the HST/WFC3 dataset of Spake et al.
(2018) in blue with our degraded high-resolution CARMENES dataset
in red. Transmission spectra are binned over 98 Å. Lighter points corre-
spond to the same transmisssion spectra, but shifted by 24.5, 49.0, and
73.5 Å. The vertical grey dashed line is the helium triplet transition.

helium light curve (Fig. 4). This was expected from the 3D
simulations performed in Spake et al. (2018), who showed that
radiation pressure on escaping metastable helium atoms is so
strong that a tail is formed that is aligned with the star-planet
axis, with a roughly circular projection in the plane of sky. How-
ever, the measured absorption extends over a shorter wavelength
range than predicted by the tail simulations from Spake et al.
(2018), and it shows a deep core centred on the line transitions
in the planet rest frame (Fig. 4). This similarity with the theo-
retical profile from the 1D model in Spake et al. (2018) suggests

that part of the signal arises from helium in an extended ther-
mosphere surrounding WASP-107b. Therefore, our observations
might probe the thermosphere and exosphere of an exoplanet for
the first time.

To further assess this possibility, we used the version of the
EVaporating Exoplanet code (EVE; Bourrier & Lecavelier des
Etangs 2013; Bourrier et al. 2016) presented in Spake et al. (2018)
and Allart et al. (2018). The planetary system is simulated in
3D in the stellar rest frame, and the code calculates theoreti-
cal spectra comparable to the CARMENES observations during
the transit of the planet and its atmosphere. The thermosphere
is modelled as a parametrised grid, using density and veloc-
ity profiles calculated with a spherically symmetric, steady-state
isothermal wind model (Parker 1958; Oklopčić & Hirata 2018).
The exosphere is modelled by releasing metastable helium atoms
at the top of the thermosphere, and computing their dynamics
with Monte Carlo particle simulations that account for the plan-
etary and stellar gravity and for the stellar radiation pressure.
Metastable helium atoms in the simulation can be photoionised
by the stellar incident radiation or be radiatively de-excited into
their fundamental state. The density profile of metastable helium
in the thermosphere is scaled so that it matches the density of
exospheric metaparticles at the exobase.

Knowledge of the stellar flux is required below 2593 Å to
calculate the photoionisation rate of metastable helium atoms,
and in the region of the He I triplet to calculate radiation pressure
(Spake et al. 2018; Allart et al. 2018). In a first approach, we used
the semi-synthetic spectrum of the K6-type star HD 85512 as a
proxy for WASP-107, replacing it in the region of the He I triplet
by the out-of-transit CARMENES spectrum rescaled to the flux
level expected for a blackbody at the temperature of WASP-107.
However, escaping atoms in the simulations were then accel-
erated so fast that they yielded excess absorption over a much
wider velocity range than is observed in the data.

We found that artificially decreasing the stellar spectrum
in the region of the He I triplet by a factor 50, so that radia-
tion pressure is about 50% stronger than the star gravity, leads
to the formation of an exospheric tail with a velocity gradi-
ent consistent with the data (Fig. 4). In this scenario, however,
escaping helium atoms are subjected to a lower acceleration and
are photoionised before they can reach the observed velocities.
We were able to retrieve the observed shape of the absorp-
tion profile to a reasonable degree by decreasing the X-ray and
extreme-ultraviolet (X-EUV, hereafter XUV) flux by the same
factor as the NIR flux (Fig. 4). In that case, the lifetimes of
metastable helium atoms become controlled by radiative de-
excitation (⇠131 min) rather than photoionisation (⇠7 min with
the original XUV flux at the semi-major axis of 18.02± 0.27 R⇤).
It is possible that the XUV spectrum of HD 85512 is not a good
proxy for WASP-107, especially since the EUV portion is derived
empirically (France et al. 2016). However, we see no reason for
the intrinsic stellar spectrum of WASP-107 to be lower than the
expected blackbody in the region of the He I triplet. Our sim-
ulations thus suggest that additional physical processes shape
the population of metastable helium atoms in the upper atmo-
sphere of WASP-107b. For example, they might be shielded from
incoming photons by an unkown absorber, or their dynamics
could be affected by collisions with other escaping species or
with stellar wind particles.

When we assume that simulations with a reduced pho-
toionisation and radiation pressure capture the overall exo-
sphere structure of WASP-107b, it is interesting to determine
the upper atmospheric properties that are required to explain
the data. The model in Fig. 6 was obtained by setting the

A58, page 4 of 6

Ly-alpha: GJ436b

transit depth ~ 10%



photo-evaporation

EUV+X-rays irradiation

stellar winds

©Garlick/U.of Warwick

Stellar irradiation and stellar wind erosion 
shape atmospheric evaporation
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Observations 

+ 


Modelling 
=

What do we learn from observations of escape?

20

atmospheric escape rate 

+ 


local stellar wind properties

Exoplanet can be used to 
probe stellar winds  
(Vidotto & Bourrier 2017)

4390 C. Villarreal D’Angelo et al.

Figure 5. Blue and red wing Ly α absorption as a function of time for all the models together with the observations from Lavie et al. (2017). The grey band
shows the duration of the optical transit.

the amount of neutral material that escapes from the planet, which is
larger for the lowest stellar EUV flux (LEUV = 0.8 × 1027 erg s−1).

Models with the highest stellar flux (LEUV = 1.6 × 1027 erg s−1),
H1 and H3, have the shallowest absorption, with values smaller than
20 per cent. Although these models present an absorption that begins
around 2 h before mid-transit (being model H3 the earliest one),
these models do not shown a long absorption duration, neither the
∼56 per cent of absorption seen in the observations at mid-transit.
This is due to the high ionization fraction of the planetary wind,
caused at the same time by the high LEUV. Even though these
models also show an extended comet-like tail, the amount of neutral
material in this tail is too low to create sufficient absorption in this
part of the line.

In all cases, models with the same EUV flux have a largest
absorption when the stellar wind temperature is highest. This is
because a stronger stellar wind confines more efficiently the neutral
material in the radial direction and then the column density of this
material increases in this direction.

4.1.2 Red wing absorption ([30,110] km s−1)

The right-hand panel of Fig. 5 shows the absorption in the red
wing. All of our models present a more symmetric light curve
with a maximum absorption around 10 per cent occurring in most
of the cases half-hour after mid-transit. Only model H1, which is the
one where planetary material falls towards the star, shows a deeper
absorption that start about 4 h before than the optical transit. Contrary
to the observations, none of our models reproduce the absorption
detected between 2 and 4 h after mid-transit, implying that the neutral
material moving towards the star remains up to a few planetary radii
around the planet.

The absorption produced by our models can, in some cases,
reproduce the absorption observed in the different wings of the
Ly α line. But, individual models by themselves cannot fit all the
observational data in both wings simultaneously. Given that the late
absorption found in the red wing is from a different epoch than the
early ingress found in the blue wing, we speculate that some of these
features, specially the early absorption in the blue wing and the late
absorption in the red wing, could be due to time-dependent events in
the system that influences the interaction with the planetary wind.

4.1.3 Synthetic STIS line observation

The strongest (and most robust) feature of the Ly α observations
happen in the blue wing and, with this in mind, models L1 and M3
are the ones that better reproduce the observations. To simulate an
observation made with the STIS instrument, we convolved our Ly α

profile (already attenuated by the ISM and absorbed by the neutrals)
with the line spread function of the G140M grating. We show in
Fig. 6 the Ly α line profile produced by model L1 at four different
times: out of transit (black), 2 h before mid-transit (blue), at mid-
transit (green), and 2 h after mid-transit (red) as shown in Ehrenreich
et al. (2015). We also show in Fig. 6 what the in- and out-of-transit
spectra would look like at high spectra resolution without any ISM
attenuation or geocoronal contamination.

4.2 H α calculation

We obtained the H α synthetic transit profile using the same approach
than for the Ly α calculations. The optical depth computation is as ex-
plained in Section 4.1, except that now we use the H α line parameters
shown in Table 5. To estimate the population of neutral H atoms with
electrons on the first excited level or l = 2 (with l denoting the energy
level of the atom), we follow a similar approach to Christie, Arras &
Li (2013) and we refer the reader to this paper for a more in-depth
discussion. In summary, the physical mechanisms that are included in
the calculations of the number density of atoms at l = 2, nl = 2, are: the
electron and proton collisional excitation and de-excitation, sponta-
neous radiative decay, photoexcitation and stimulated emission. We
do not include recombination or photoionization from the second
level, and as calculated for HD189733b by Christie et al. (2013)
and Huang et al. (2017) they become negligible compared to other
dominant processes such as radiative decay and photoexcitation.

Solving for the level 2 population is done at post-processing
employing the populate() method within the subroutine ch.ion() in
the CHIANTIPY package2 (Dere et al. 2019). The populate() method
computes the population of the different levels within an atom as
a function of the temperature and the electron density including
an external radiation flux. For the H α calculation we take the

2https://chianti-atomic.github.io/index.html
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Effects of stellar activity on planetary escape
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Effects of stellar activity (flares & CMEs) on planetary escape
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Scenarios simulated in 3D: Hazra, Vidotto et al submitted

Density profiles (cut at the orbital plane) 

Quiescent: XUV flux + stellar wind
 Active: flare (XUV↑) + CME (particles↑)
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Does stellar activity (flares & CMEs) affect planetary escape?

• Yes, but..

‣ Flare alone does not change 

evaporation significantly

‣ CMEs are more effective at 

removing planetary material 
momentarily 
 

• CMEs are expected to be more 
frequent at younger age → 
include them in evaporation 
models at younger ages
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• planet magnetic field

• stellar wind properties

• evaporation rates

Observing interactions between stars 
and exoplanets allow us to further 

characterise planetary systems

Several types of 
star-planet 
interactions Radiative 

interaction

Magnetic 
interaction 

Tidal  
interaction 

Stellar wind  
interaction 
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