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Many important biosignatures have photodissociation cross 
sections that peak in the far and near-ultraviolet
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The interpretation of suggested biosignatures depends on 
understanding the context of the planetary and stellar 
environment as a whole

The M dwarf UV environment may 
make it easier to detect suggested 
biosignatures on their planets
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Segura+200
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Ultraviolet observations must be taken from space

EUV – 
NUV 
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However, the majority of the EUV spectrum is absorbed by interstellar 
hydrogen, and is completely unobservable



Figure from Monsignori Fossi and Landini 
1994

The EUVE instruments lacked the required 
sensitivity to observe most of the

M dwarf EUV spectrum 
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Observed 11 active GKM 
stars
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How do we quantify stellar EUV flux?
Archival EUVE Observations
• Limited to 11 GKM stars
• Characterizing exoplanet host stars was not a priority in the early 1990s…
• Severe ISM contamination from 400-912 A

Empirical Scaling Relationships
• Yield single-value fluxes for the EUV
• Carry high uncertainties

Semi-empirical Models
• Time intensive to tailor each stellar model to reproduce observations
• Computationally expensive to run

Linsky 2014





Addressing #3 for M-dwarfs: 
Line distortions due to star spots: 
Barnes et al. 2015
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Line shape differences hard to measure, need 
models with up-to-date opacity data

Gharib-Nezhad; E., Iyer; A., Line; M., Freedman; R., Marley; M., and Batalha; N. 
2021



1
1 Iyer & Line 2020

Photospheric spots cause biases in planetary inferences

Additional bias persists 
despite correction + 
joint star-planet fits 
+ JWST quality data!



Spots cause differences in inferred metallicities,
 another theoretical limitation—what observable can pin down the 
exact spot distribution and covering fraction configuration of the star? Iyer et al. in prep



(Left) Davis et al. in prep, showing dust/cloud opacities cause a difference in estimated radii of M-dwarfs
(Right) plot from Iyer et al. 2023 showing differences in inferred effective temperature when not considering 
spots or larger convective envelope for M-dwarfs



Iyer et al. in prep, showing 
convection (mixing length parameter value) and clouds/dust prescription
Leading to differences in inferred abundances of stars
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(1) Data-model residuals in black, shaded blue shows systematics (Iyer et al. 
2023)

(2) Line opacity differences (Gharib-Nezhad et al. 
2021)

(3) Mixing length parameter assumption shows differences in 
shape, 
leading to difference in abundances, radii (Iyer et al. in prep)

(4)

(4) Dust opacity assumption shows differences in shape, 
leading to difference in abundances, radii, brightness 
temperature
(Iyer et al. in prep)



Which stars are benchmarks?

Sun (G2V)

HAT-P-11 (K4V)

TRAPPIST-1 (M8V)

GJ 1243 (M4V)



Occulted Active Regions (ARs), the Game™ 



Kepler benchmark: GJ 1243 (M4V)

Davenport et al. (2015)

Starspots on late-type stars are stable over years



Kepler/TESS benchmark: GJ 1243 (M4V)

Davenport et al. (2020)

Starspots on late-type stars are stable over years decades



The Starspots of HAT-P-11: Evidence for a Solar-like Dynamo 
(Morris et al. 2017)



Unocculted ARs suffer many degeneracies

→ AR occultations break degeneracies

Morris et al. 2017 HAT-P-11



The Starspots of HAT-P-11: Evidence for a Solar-like Dynamo 
(Morris et al. 2017)



Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• The Brun 2017 review does a good job connecting solar/stellar magnetic activity, with some great figures.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2017LRSP...14....4B%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987097835%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=cUbNrQdApcz4xTYiNXpq8v9w72kOsRQPox0TGkXT9YU%3D&reserved=0


Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• The Brun 2017 review does a good job connecting solar/stellar magnetic activity, with some great figures.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2017LRSP...14....4B%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987097835%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=cUbNrQdApcz4xTYiNXpq8v9w72kOsRQPox0TGkXT9YU%3D&reserved=0


Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• Lovis 2011 shows how magnetic activity and surface convection affect disk-integrated radial velocities. 

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2011arXiv1107.5325L%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987124707%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=K4rOI6Rj5Pgnja02gURxTpY3HRZd%2BMnDd3Nnq0%2FvcGA%3D&reserved=0


Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• Some of the most recent magneto-convective modeling for low-mass stars is in Norris 2023. Figures 1-3 will 
be neat for helio folks, and Figs 9-11 are ones that we care a lot about.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2023MNRAS.524.1139N%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987142424%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=S0RVI%2BETTP7n1EorY0UbsT5oTGkD6tnxMx1KVWR4Vms%3D&reserved=0


Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• As for spots in particular, modern radiative 3D MHD spot simulations look like Panja 2020.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2020ApJ...893..113P%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987159237%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=el8UYusxPKKm1iGs9gQHqjwbmyDodYrTd7TCKj4UuCw%3D&reserved=0


Available information on the small-scale convective motions that stress the field (speeds and spatial scales)

• Trampedach 2013 (see fig 12) and 2014 show how your intuition for solar surface convection extends to other 
stars.

https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2013ApJ...769...18T%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987176875%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=40l1ZofJexgunsfCt0f9B035z0R1tfGUpwAjh6I3MR4%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.astroexplorer.org%2Fdetails%2Fapj465969f12&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987194079%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=69GAs2v0r%2Fez%2BAbRzQnELs%2B%2FvFkY01llUzZa3i0TJhM%3D&reserved=0
https://gcc02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fui.adsabs.harvard.edu%2Fabs%2F2014MNRAS.445.4366T%2Fabstract&data=05%7C02%7Callison.a.youngblood%40nasa.gov%7Cc99c23e9c632419da0af08dcfdad8954%7C7005d45845be48ae8140d43da96dd17b%7C0%7C0%7C638664168987210827%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=AXs02%2Bo%2FhokfuN8BOxTuc9%2FWo5iWUsCUE7N5PO0J8Sc%3D&reserved=0




Artemis-enabled Stellar Imager
NIAC Phase I study


