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An attempt to cover 4 decades of
wavelength in (<)20 minutes. . ..

O focus on two KJ,CH decadal survey questiows:

O how do rotation and magwnetic fields affect stars?
O (planetary habitability)
O time-domain astronomy

O key technigques/advances:
O wide bandwidths: drifting radio bursts
O time variability
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cool half of H=R
diagram at radio
wavelengths
dowminated by
nonthermal
Processes

Radio H-R Diagram: Radio Luminosities
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Open circles: thermal emitters
Filled circles: nonthermal emitters
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® Main sequence dwarfs
® Pleiades cluster stars
@ RS CVn binaries
* W UMa binaries
FK Comae stars
Classical T Tauris
Weak-lined T Tauris
Magnetic chem-peculiar stars
Be stars
® Hot stars: nonthermal
O Hot stars: free-free
Symbiotic stars
¥ FIRST stars
Red giants
Brown dwarfs

figure courtesy of
Stephen White
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Observations of particle acceleration in
stellar coronae constrain the importance
of rotation and magnetic fields

O coherenmt and Lncoherent processes at work

O plasma EMLSSLOW: VPOC\/ We

O cyclotron maser eALSSLON: Ve XB

O gyrosywnchrotron emission: svg, s 10-100

O sywchrotron emission: s large




Stellar Radio Transients

® 0. UXAri VLA monitoring Nov 16-Dec 01

gyrosywchrotron
emisslon assoctateo with

X-ray flares

10 keV
® 14 ~ 100 keV

0 0.3 = 100 keV est.

Swift triggers on harol
X-ray ewmission from
500 1000 1500 2000 2500 3000 tra V\,SLCV\;t SOUYCeES Wl:tl’l

Time since TO (s)

b
=
=
e,
-~
=
-
-
<
-
B
Q
-
5]
=
-
k-
=
=
<
-
72
Q
-
-
B
-
-
3
=
o
=
.
=
-

Flux Density (mJy)

quick reaction times

“+VY4APORO

Osten et al. 2010, “GRB”
ow a flare star at 5 pe O wneed commensurate

, ’ radio transtent
what s the radtio houliiin

equivalent of impact on habitability W W

Frequency (Hz)

this? Bastian § Beasley 1998




drifting radio bursts
key measurable quantities:
x durations

® bandwidths

® drift rates
Osten & Bastian 2006

use these quantities
to infer physical
conditions in source,
emission mechanism
(exciter speed, mag.
field gradients)
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dv/dt=-3,-5 GHz/s

Frequency (MHz)

138.565 138.60 138.65

Time (seconds since scan start

Osten & Bastian 2008
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Magnetic structures are seen on substellar objects -=
ultracool dwarfs (UCDs) S ey

| TVLM513-46546 MOV
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artist's conception of brown dwarf
as stellar pulsar

Time ( ours)d

0.1 Msun, 0.1 Rsun star with Pr'o’r S

hours, showing pulsating radio
bursts

magnetic field of strength 3 kG produces
maser emission at 8.4 GHz = 3.6 cm

brown dwarf is behaving more like a

i . 200
b £ planet than a star



importance of mm variability

O mm emission generally ascribed to
dust emission from disks

O todate, a few YSOs have LLlustrated { | _. g W\g
=) Q:ﬁ |

Pdbt, 90 gHz

spectacular mm flares _ 5
appears to be pertodic, tnteracting | ? £,
magwnetospheres ol | 8 'jm T
attributed to sywchrotron emission | V e ﬁﬂi
based on spectrum and timescales | | |

does this ong aﬁ‘-’ect binartes? what VFF2 Taw; Masst et al. 2006

Ls the Llmpact on SED modelling, e flares with a periodicity on the
, , , order of the orbital period, ~52 days

particle environment for forming

planets?
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with ALMA’s sensitivity, can detect stellar
chromospheres at mm wavelengths |

O wmagwetically heated reglons above the stellar surface,
corresponding to temperatures in excess of Teff

O expect to see optica Ly thick thermal bremsstrahlung
emission Ln the mm wavelength range

O T=1 @7#000 K at amm (wiLth d&V\/SL’Cg enhancements the
T=1 layer shifts to larger hetghts, hewnce higher T)

integrated brightwness reveals information about stellar
surface coverage with dense (active) chromospheric
reglons




Detecting mass Loss tn cool stars on the main sequence has proved to be a
thorny tssue — MS cool stellar winds are feeble ((dM/dt)o Ls ~1e-14 M

o/ g r)
expect both steady and variable mass loss, tn analog Y with Sun.

O scattered measurements of X-ray absorption enhancements during
stellar flares have beew interpreted as CMEs. few and far between
(esp. given number of stellar X-ray flares)

O charge exchange X-ray emission provides upper limits on mass loss
within astrospheres

O enhanced astrospherlc absorp’ciow L stellay Lg man o proﬁLcs

affects circumstellar environment, can alter the character of planeta ry
atmospheres (viz. Mars)




Low Frequency emission from
Stellar CMEs

O  solartype U radio bursts: drifting
radio bursts with slow frequency
drift, produced by MHD shock

propagating through the solar corona,

radiation at v, and 2V,

strong association between solar
CMEs and type I radio bursts,
although still the flare/CME/type I
relationship s not fully understood

GBESREBS example (Feb. 12, 2011)

expect that coronally active stars, with o b
ot a 5138 urs

high flaring rate, should produce type
[t bursts -> detectable with e.g.
LOFAR, MWA, LWA
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“you learn a lot by looking”

O stars capable of unpredictable behavior; expect the
unexpecteo

O stellar radio community ts small
O wake use of advances wn primarily large telescope
projects
O unigue resources for information not available at
other wavelengths
0O mportance of multi-wavelength approach

There are more things in heaven and earth, Horatio,
Than are dreamt of in your philosophy.

Hamlet Act 1, scene 5, 159—167



http://www.enotes.com/hamlet-text/act-i-scene-v?start=2#ham-1-5-174
http://www.enotes.com/hamlet-text/act-i-scene-v?start=2#ham-1-5-174

