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Exoplanets around M Dwarfs
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Good Not so Good

High energy irradiance is large and 
can zap a planetary atmosphere.

Size makes it easier to detect 
planets via transit planet depth

Size makes it easier to detect 
planets via doppler shifts

Habitable Zone closer in, so likely 
to find Earth-analogs Average photosphere may not be 

represented by the transit chord

Stellar surface features such as spots 
can complicate transit depths and radial 
velocity measurements

http://aylingarciasoto.com


Observing M Dwarf magnetic activity and its 
variability provides insights into their stellar 
dynamos, high energy radiation, and impact 
on exoplanet detection and characterization. 
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Outline/Summary
• Background -  

‣ The comparisons of magnetic field activity proxies have some scatter. 

• Sample -  

‣ Fully convective M Dwarfs observed with TESS and OSMOS (spectrograph) 

• Results/Discussion -  

‣ There is intrinsic variability in Balmer lines (larger for higher order) 

‣ Some variability not captured by optical photometry but heating mechanism may be the same
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 luminosity relation to Rotation Period and spot 
photometric amplitude
Hα
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Data From: Newton et al. 2017

http://aylingarciasoto.com


 luminosity relation to spot photometric amplitudeHα
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Newton et al. 2017
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Starspots relation to Rotation Period
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Image Credit: © James Davenport
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 Emission in M Dwarf spectrumHα
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Hα

Balmer Emission in M Dwarf spectrum

HβHγHδ

http://aylingarciasoto.com


 becomes an emission line due to Chromospheric heatingHα

TESS Science Conference 3                                                         aylingarciasoto.com                                                         07/31/2024

t

Cram & Mullan 1979 Models

Quiescent state of  in Stars: 
Absorption (photoionization)

Hα
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 becomes an emission line due to Chromospheric heatingHα
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Non-thermal heating of  
Chromosphere: 

Maximum Absorption

Cram & Mullan 1979 Models
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 emission might arise from collisional excitationHα
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Non-thermal heating of  
Chromosphere: 

Emission lines at edges

Cram & Mullan 1979 Models
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 emission might arise from collisional excitationHα
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Non-thermal heating of  
Chromosphere: 

Net line Emission

Cram & Mullan 1979 Models
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Photo-ionization and Recombination
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e.g.: Back heating from Coronal X-rays can also heat the chromosphere (Kowalski et al. 2017)

Núñez et al. 2024
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Taking contemporaneous time-series 
data to investigate the relationship 

between  and photometric variabilityHα
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Fully Convective M Dwarfs, V > 16 magnitudes, P < 10 days and in northern hemisphere.

Contemporaneous Sample
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Fully Convective M Dwarfs, V > 16 magnitudes, P < 10 days and in northern hemisphere.

Contemporaneous Sample

TESS Science Conference 3                                                         aylingarciasoto.com                                                         07/31/2024

B
TESS OSMOS

TSC1!
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2.4 m 
R~1600
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 luminosity relation to spot photometric amplitude is  
weakly positive
Hα
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Garcia Soto et al. 2023

http://aylingarciasoto.com


 luminosity varies in the short time scaleHα
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Garcia Soto et al. 2023

= range in 
luminosity 
values due to 
multiple 
spectra

 (Kruse+10, Lee+10, Bell+12, Medina+22, Duvvuri+23, Kumar+23, Garcia Soto+23)
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 luminosity varies in the short time scaleHα

http://aylingarciasoto.com


The short-timescale variability of  emission 
means that it is not a useful proxy for spot-related 

modulation in most Fully Convective M Dwarfs.

Hα
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Garcia Soto et al. 2024, in prep.
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No white-light flare? Or low-energy flare below 
detectability?

Garcia Soto et al. 2024, in prep.

http://aylingarciasoto.com
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Garcia Soto et al. 2024, in prep.

The ratio of Balmer lines show similar 
changes within and outside of observed 

optical flares.

http://aylingarciasoto.com


Significant variability in Balmer lines are not captured by optical 
photometry 

And 
The ratio of Balmer lines show similar changes within and outside of 

observed optical flares.
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We see visually see larger variability in : Is it Real?Hδ

Garcia Soto et al. 2024, in prep.

http://aylingarciasoto.com


Fractional Intrinsic Variability: Accounting for Errors and SNR

 

obse 

•  is the error in equivalent width 
(EW)  

•  is the 16th - 84th percentile of the 
observed EWs. 

σintrinsic =
σ2

observed − σ2
measurement

|Median(measurement) |

σmeasurement

σobserved
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Garcia Soto et al. 2024, in prep.
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Fractional intrinsic variability increases 
towards higher order Balmer lines
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Conclusions/Summary
• Background -  
‣ The comparisons of magnetic field activity proxies have some scatter, which can 

depend on variability and internal mechanisms. 
• Sample -  
‣ Contemporaneous photometry and spectroscopy using TESS and a ground-based 

spectrograph, OSMOS. 
‣ Fully convective M Dwarfs, V > 16 magnitudes, P < 10 days and in northern 

hemisphere. 
• Results/Discussion -  
‣ Significant variability in Balmer lines are not captured by optical photometry 

The separation between the intrinsic variability of the Balmer lines, say between 
 and  varies per observation 

‣ Intrinsic variability increases towards higher order Balmer lines.
Hα Hδ
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Paper 1

Paper 2

In prep.
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depend on variability and internal mechanisms. 
• Sample -  
‣ Contemporaneous photometry and spectroscopy using TESS and a ground-based 
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