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Motivation

Is heating due to different electromagnetic interactions 
between a star and a (magnetized) planet significant? 

Strugarek 2017
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Grayver, Bower, Saur, 
Dorn, Morris, 2022, ApJL
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Inducing mechanism

• Stellar flares and Coronal Mass 
Ejections (CMEs)
• Cause magnetic perturbations at planets, 

thus produce heat in the interior

• Facilitate atmospheric loss

• Factors affecting amount of heat:
• Star activity

• Distance to planet 

• Probability of impact

• Interior conductivity

(1859 Carrington event 1032 − 1033 erg)

Paudel et al. 2019

1 day

For Sun, Flare-CME association rate is >90% (Youssef 2013)
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Flaring activity for the TRAPPIST-1 star

• TRAPPIST-1 was observed by Kepler for 70.6 
days, detecting 39 flares (≈ 200 flares/year).

• CME are propagated to planets using flux-
rope model of Samara et al. 2021:
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Effect of planet’s intrinsic field

• Dst: magnetic disturbance index measured on 
Earth (describes zonal component of
magnetosphere current)

• |Dst| > 50 nT indicates a storm

• IMF: interplanetary magnetic field (measured
at L1 point)

• Intrinsic magnetosphere amplifies the IMF 
during a storm -> more energy dissipated as
heat

Effect of Earth’s magnetosphere on IMF:
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Measured in space (L1 point)
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Results
No magnetic field Earth’s magnetic field

Pyrolitic mantle

Homogeneous mantle
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Results

Earth’s radiogenic heat release ≈ 20 𝑇𝑊

No magnetic field Earth’s magnetic field

More on the poster and in the paper: 
Grayver et al., 2022, ApJL

• Long-lived source of heating, significant for compact systems 

• Intrinsic magnetic field leads to more dissipated heat

• Integrating with interior-atmosphere models

• Applying model to other planetary systems, more elaborate CME 

propagation models 

(see Poster EGU23-15078 by Filip Elekes)
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Inducing mechanisms

• Motion through the stellar field
• Campbell 1983 for binary systems

• Laine et al. 2008 for hot Jupiters

• Applied to TRAPPIST-1 in Kislyakova, 
Noack et al. 2017

• Key variables:
• Inclination and strength of the field

• Distance to a planet and orbital plane

• Period and direction of rotation

• Conductivity of the mantle
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Example

For a homogeneous (𝑛 = 1) monochromatic (with angular 
frequency 𝜔) external field and a homogeneous sphere of 
radius 𝑅 and conductivity 𝜎, the dissipated power is:

where wavenumber, 𝑘, and skin depth, 𝛿𝑠, are given by

Earth’s radiogenic heat release ≈ 20 𝑇𝑊
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CME impact model

𝑓Impact =
Δ𝐶𝑀𝐸 sin Δ𝐶𝑀𝐸 + 𝛿𝑝𝑙 /2

2𝜋 sin(Θ)

Khodachenko et al. 2007

For Θ = 80∘ and ΔCME = 40∘ − 80∘:

ҧ𝑓Impact = 0.08
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Results
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Conclusions

• Elaborated a physical model for simulating 
electromagnetic SPI and Ohmic dissipation.

• Showed that EM interactions is a significant source of 
heat (for compact systems)

• Intrinsic magnetic field acts as an “amplifier”
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