Ultraviolet Emission from M
Dwarfs during Quiescence

and Flares
Allison Youngblood o
NPP Fellow S

NASA Goddard Space Flight Center



Know Thy Star, Know Thy Planet

) Stellar Interact
Cosmic Rays' galactic

Metallicity

Composition it7] Location Orbit Impact Flux Eccentricity
& Stl:ucture EO r|b't'aI Birth Orbital
: volution ~ _ | Minor Planets ‘ i
Isotopic Abundance " Environment Tides  Evolution

Volatile Delivery

A Eotatuon Companions
9¢ Wind * Radius Mass
Magnetic Field Luminosity ‘
Activity Stellar Effects Planetary Systems 1 Masses
Spectral Energy Sibling
Distribution  Spectrum .. Planets
Qnosity Evolution Orbits
4 Semi-major Axis Oblateness

Thermal EvolutionsStructure

Magnetic Interior  Volcanism Eccentricity Ql’bltal gty

: . : - Obliqui
Field Density Tectonics ™~ 7 Planetary Properties R%t:fsgon e
. Biology g

Escape
Composition Clouds & Hazes
. __Evelution ,, Inhomogeneities
Dynamics Atmospthtr”"t“,re-- Albedo dr g ¢ liachnology
Isotopic Climat Mass Temperature o Ocean
Ratios Surface UV, ulimate Composition UVeathering

Pressure Shielding Image credit: VPL

5/20/19 Allison Youngblood



Stellar Activity is due to magnetism

* Manifests as starspots, X-ray and UV emission, flares, coronal
mass ejections

* Directly affects exoplanets as well as our observations of those
exoplanets (e.g., Rackham+ 2018)
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Activity: most pronounced in UV/X-ray

« UV/X-ray emission almost entirely
from magnetically heated regions
(chromosphere, TR, corona)
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UV spectra of M dwarfs
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Flux Density (cgs)

H | Lyman alpha: the brightest UV
emission line from M dwarfs
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* Important to observe, but:
« Swamped by airglow
« Severe ISM attenuation
 Need competitive Hubble time




Lyman alpha is hard to observe!

« Swamped by airglow

e Severe ISM attenuation ‘

. . COS vs. STIS rt
« Need competitive Hubble time _ e oo e
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Lyman alpha is hard to observe!

« Swamped by airglow
« COS airglow subtraction may be possible for most objects! (Bourrier et
al. 2018; HST-AR-15635 PI: Youngblood)

e Severe ISM attenuation ‘

COS vs. STIS apertures

* Need competitive Hubble time — _
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Lyman alpha is hard to observe!

« Swamped by airglow

« COS airglow subtraction may be possible for most objects! (Bourrier et
al. 2018; HST-AR-15635 PI: Youngblood)

» Severe ISM attenuation

* Reconstructions from observed wings
and D |

 Need competitive Hubble time
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Lyman alpha is hard to observe!

« Swamped by airglow

« COS airglow subtraction may be possible for most objects! (Bourrier et
al. 2018; HST-AR-15635 PI: Youngblood)

» Severe ISM attenuation

* Reconstructions from observed wings
and D |

 Need competitive Hubble time

« Can estimate M dwarf Lya flux from other
UV lines or Ca Il H&K (Youngblood et al. | |t
2017; Melbourne et al. in prep.) f
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M dwarf UV surveys

* Mega-MUSCLES focuses on “inactive” M’s (cynthia Froning, Kevin

France, David Wilson, Sebastian Pineda, Christian Schneider, Girish Duvvuri, Allison Youngblood,

Elisabeth Newton, and many many more)

 FUMES focuses on young M'’s
(Sebastian Pineda, Kevin France, Girish Duvvuri,
Allison Youngblood)

* We are studying spectrally- resolved

UV emission across a variety of
M dwarf masses and ages
» All M dwarfs appear to be UV-active

CC0D Youngblood+ '17
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The missing EUV (100-912 A)
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The EUV
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ESCAPE: SMEX 2019 mission concept

Extreme-ultraviolet Stellar Characterization for Atmospheric Physics and Evolution /PI: Kevin Erance (CU)\

» NASA SMEX AO 2019 - $195M cost cap o el
» 70-570 A at 1 A spectral resolution Porkeley SSL
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ESCAPE: SMEX 2019 mission concept

Extreme-ultraviolet Stellar Characterization for Atmospheric Physics and Evolution
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UV flares

* How does the stellar spectrum change during flares?
* What are the flare frequencies and energies?
* What kind of flare data products do exoplanet modelers need?



UV flares with Hubble

M dwarfs FUV emission may be dominated by flares (Loyd et
al. 2018 a,b)

* Is the same true for NUV emission?
* The answer could be important for origin of life (Rimmer et al. 2018;
Ranjan et al. 2018)
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UV flare spectra

« FUV flares show strong line enhancement and hot blackbody
emission
« T~40,000 K (Froning et al. 2019); T~15,000 (Loyd et al. 2018b)

* NUV flare spectra only exist for a handful of stars (Hawley et al. 2007,
Wargelin et al. 2017, Kowalski et al. 2018, Youngblood et al. in prep.)

5
GJ 674, M2.5V I Silll
-~ 5¢ ’ ‘. - I |
IU) ° °‘< a4l
D Tt CIIl CII
g ) ‘) | |
&) ¢ Y
23 3t ° g I
[ ° » NV
(<) : 9 L
! | S of Silll L
o =
. i S L Ol Silll
¢ = | SillI,OlIl
R : ! s A frexxi
i . H . = 1 l
ok auth [e— i — ot ! [ | | I ” ] ) IM
1 1 1 1 1 1 lll La Jabhad i
0 5000 10000 15000 20000 25000 0 050 1100 1150 1200 1250l 1300h 1350
Time (sec) Wavelength (&)

Froning et al. 2019 (incl. AY)



What about CMEs?

* Energetic particles have a greater effect on atmospheric
chemistry than flare photons
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How do we detect stellar CMEs?

* We don’t ... yet
 Flare kinematics (blueshifts) are ambiguous

* Type |l radio bursts not detected (Crosley & Osten 2016, 2018a,b,
Villadsen & Hallinan 2019)

« X-ray absorption works in special cases
(Moschou et al. 2018)

« Coronal dimming has not been applied
to stars yet (Mason et al. 2014, 2016;
Harra et al. 2016)
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Coronal dimming is the most promising
technique

AR 1944 Dimming . Post-eruption arcade

Before After

Quiet corona evacuated as CME departs Krista et al. 2017

OIS CHE Ui CME mass o dimming depth Mason et al. 2014, 2016
CMEs? . . _

CME speed « dimming slope Jin et al. 2018

Alvarado-Gomez et al. 2018
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Summary

* Important to characterize: UV emission from exoplanet hosts
* Photochemistry/biosignatures, mass loss, prebiotic chemistry

* Lyman alpha and the EUV are particularly important but are
challenging to observe
 EUV SMEX concept called ESCAPE
 Flares and CMEs

* M dwarfs flare often and energetically

« Do they have CMEs? Theory indicates § A% .
possibly not, and observations are RN .y energetic particles,

elusive s -
s -
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CME —» o'
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UV spectra of M dwarfs
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A “typical” flare spectrum «————"

Proxima Centauri |

w
o
——

= N N
o (%]
T

w

weaker flares

quiescent D//
L flux

Normalized flux

=
o

w

0

= 80
Gradual phase /#?m/t

% 1000 - Median Quiescence Ha
= HE Mar 18 Flare
TH
S
o - Fe |
@© 500 Hy Call ©
g:.) Ci"H(s Til Fe | CaIESISiII He | Na He |
LT
- - - - - - Howard et al. 2018
4000 4500 5000 5500 6000 6500 (incl. AY)
Angstroms

11/13/18 Allison Youngblood 24



-1 Cm—Z A—l]

S

Flux Density [10~! erg

UV Flare spectra

GJd 1243 M4 flare star

| |
20.0 5 T C2555 T C2650 ! C2780 ' 2820
N ) Preflare
17.5 - HST-1 Average Flare—only @)
15.0 F E ~ = +
&) =~ 3 N —~
= 2 5 < NN 3
7.5 ( = @ @
o 2
5.0F 15500 K Blackbody
2.5 | 1 ! 1
—— W — i !
0.0 r—
,Quiescence . i ‘ vy U\

1 L L
1150 1200 1250 1300 1350 1400 1450
Wavelength [A]

Loyd et al. 2018 “HAZFlare” e ot al 2018

——— HST-2 flare-only S#152-153 average (7:06:38-7:08:51) KO
M ——— HST-2 flare-only S#152 -
HST-2 flare-only S#153

2500 2600 2700 2800

i BEEEERER Pre—flare J
—— F11 RHD
------- F11 RHD x0.85
‘:\ H —— A=4000 - 4800 A blackbody fit B
IE -
(] -
) .
>
S 1
° i
x 1
>
© 1
-y
) 0oL. , , | - : : 1 : ; ; i ; : ;
5/20/19 Allison Youngblood 3600 3800 4000 4200 25

Wavelength (A)



Why is airglow subtraction with COS
hard?

COS aperture  STIS aperture

@

Limited spatial resolution
Lets lots of airglow in

Cross-Dispersion

Dispersion

Figure credit:
Vincent Bourrier
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Airglow profiles remarkably stable
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Shift and scale airglow templates,
clihtracrt
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Airglow subtraction in the COS archive

(10-12 GJ 176
* Cycle 26 Legacy AR proposal " et
» Recovering LyA and O | from COS 0
archive N
« 125 F, G, K, and M dwarfs
* Most have exoplanets! f:;
« User-friendly tool to enable future S
airglow subtraction =
CO_I)S: 1213.5 121'1.('1 121'1.71 121‘-':‘U 121‘3.3 121Il'j.l) 1'21‘0.-': 121IT.U 1217.5

Wavelength (A)
Vincent Bourrier

. Method based on Bourrier et al. 2018b
Kevin France



