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Space weather is a critical element of habitability

Drives surface and atmospheric
chemistry (and loss)
Martian atmosphere (Jakosky+ 2015)
Miyake events (Miyake+ 2012)

- MAGNETIZED
PLANETS

" UNMAGNETIZED
PLANETS

Evolves as stars age
FYSP (Airapetian+ 2016)
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EM radiation dominates our understanding of exo-SpWx
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Particle environments are difficult to constrain

| Wind constraints from astrospheres
= (100s AU):

5 « Ly-0 (Wood+ 2005, Wood 2018)
or * X-ray (Kislyakova+ 2024)
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Particle environments are difficult to constrain
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X-ray Energy (erg)
Moschou+ 2019

CME candidates from chromosphere/
low corona (<1R,)

» H-alpha doppler spectra
(Namekata+ 2022, 2024, 2025)

* X-ray, EUV dimmings (Loyd+
2022, Strickert 2024)



Particle environments are difficult to constrain

Problems:
Small number statistics

Wind measurements rely on solar
assumptions

CME candidates indicate motion,
not escape
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Wind constraints from astrospheres
(100s AU):
* Ly-a (Wood+ 2005, Wood 2018)
* X-ray (Kislyakova+ 2024)

CME candidates from chromosphere/
low corona (<1 R,)

» H-alpha doppler spectra
(Namekata+ 2022, 2024, 2025)

* X-ray, EUV dimmings (Loyd+
2022, Strickert 2024)



Particle environments are difficult to constrain

Problems:
Small number statistics

Wind measurements rely on solar
assumptions

CME candidates indicate motion,
not escape
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Particle environments are difficult to constrain

Problems:
Small number statistics

Wind measurements rely on solar
assumptions

CME candidates indicate motion,
not escape
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Particle environments are difficult to constrain

(- )
Problems: What are the properties

and histories of stellar

Small number statistics particle environments?

. J
Wind measurements rely on solar N
and time Magnetlcf field
CME candidates indicate motion, dependence |  evolution
not escape \ * ‘\ s s ==
______ N — - —
Exoplanet 1 Angular
I chemistry I momentum
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Plasma emission gives information
on ambient and transient particles

Plasma emission frequency:
v =9.8kHz \n,_
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Plasma emission gives information
on ambient and transient particles

Frequency [MHz]
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Plasma emission gives information
on ambient and transient particles
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Plasma emission gives information
on ambient and transient particles

Type lll
burst

Frequency [MHz]
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Plasma emission gives information
on ambient and transient particles

Frequency [MHz]

-
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Time since start [min]

60

)

Perks

Frequency explicitly tied to density
of ambient material

Drift rate provides information on
bulk velocity

Type lIs direct indicator of shocks
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Plasma emission gives information
on ambient and transient particles

Perks

Frequency explicitly tied to density
of ambient material

Drift rate provides information on
bulk velocity

Frequency [MHz]

Type lIs direct indicator of shocks

j Sensitiveto d < 5R,
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Plasma emission gives information

on ambient and transient particles

WIND/WAVES: 2003/06/18 00:18
104 T A Perks

Frequency explicitly tied to density
of ambient material

Drift rate provides information on
bulk velocity

Type lIs direct indicator of shocks

9900  00:00  02:00  04:00

Adapted from S. Pohjolainen 2024
davis@astron.nl



Plasma emission gives information
on ambient and transient particles

i A Perks

Frequency explicitly tied to density
of ambient material

104 -~ BT e

Drift rate provides information on
bulk velocity

Type lIs direct indicator of shocks

j Only accessible from space

9900  00:00  02:00  04:00

Adapted from S. Pohjolainen 2024
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<10 MHz corresponds to different distances on different
stars

Sun-like stars:
d 2 10R,
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<10 MHz corresponds to different distances on different
stars

Sun-like stars: Active stars:

d > 10R, d = 100 R,
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<10 MHz corresponds to different distances on different
stars

Sun-like stars: Active stars:
d > 10R, d>100R,

{ Probe of open-field }

regime
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<10 MHz corresponds to different distances on different

stars

Sun-like stars:
d 2 10R,
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Active stars:
d 2 100 R,

[ Probe of open-field }

regime

Unambiguous
indicator of mass
escape to IPM

Density profile and
mass-loss rate in IPM

21



Observing needs

Science goals:

Population studies
Unpredictable events
<<10 MHz

~1Jy sensitivity at “min time scale
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Observing needs

Science goals: Observing requirements:
Population studies Survey (1000s of stars)
Unpredictable events Monitor (long-term, high cadence)
<<10 MHz Space-based
~1Jy sensitivity at “min time scale Interferometer
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Observing needs

Science goals:

Observing requirements:

Population studies Survey (1000s of stars)

Unpredictable events Monitor (long-term, high cadence)

<<10 MHz Space-based

~1Jy sensitivity at “min time scale Interferometer el \/\
MegaWave Radio Surveyor presentation by Joe Lazio f‘: A‘,A * /
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during radio breakout session tomorrow afternoon



Major Questions

What are the
properties of stellar

IPM and winds?

Temperature, density, speed,
pressure?
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What are the
properties of stellar
CMEs and electron

beams?

Occurrence rate, mass, speed,
pressure?
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Impact on exoplanet
chemistry and habitability?

Stellar angular momentum
and magnetic evolution?

Variance with time and
spectral type”?

What are the
properties of stellar
CMEs and electron

beams?

Occurrence rate, mass, speed,
pressure?

26



Major Questions

What are the
properties of stellar

IPM and winds?

Temperature, density, speed,
pressure?
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Impact on exoplanet
chemistry and habitability?

Stellar angular momentum
and magnetic evolution?

Variance with time and
spectral type”?

What was the
environment of the
young Earth?

What are the
properties of stellar
CMEs and electron

beams?

Occurrence rate, mass, speed,
pressure?
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