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Stellar radio astronomy in one slide

Nature's
Filter

Actual physical environment

Magnetic field, electron density,
energy, temperature, spatial and
temporal distribution, ...
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Stellar radio emission is ubiquitous, spanning [nearly] all stellar types

_5-
®* OB, Wolf-Rayets  * 10
® ® ¢
L X ) >
05 ®e @ ® L
0 h" . go @9 g
. . ® s ©
But detection is K g e o ACES
: *
frequency-dependent, ’ u:";, o |
L e ] ® O goe . Close 5
limited by sensitivity of 17 Tt e HOE
existing survey = L :
telescope arrays _ te .
P Y 0 . 10giolg = 14 * . '.,* M dwarfsj 4
* o logiolr = 15 .Q'
* @ IogiZL:=16 ’ .'.. ’
* ® logiolr = 17 ®
Example: ] %@ logita-18
@ logiolg =19 e 2
@ l0g10Lr = 20 L UCDs
The radio Sun would be olel AlFlel k| |
undetectable at a few pc W os 1o 15 e 2%
. . B-V
distance with current
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viously detected radio stars (Wendker 1995) as circles with our sample
overlaid as red stars. The size of each marker represents the greatest radio
luminosity recorded for that star, and the colour map indicates the observing

frequency. Prichard et al MNRAS 2021



After 75 years, we still have fundamental questions, all addressed in this
meeting, that stellar radio astronomy is especially well-suited to contribute:

Audience: Think of your favorite question

® How is the solar (and all) stellar corona heated?

® Can we reliably predict space weather hazards? (CME characterization, other stars?)

B Fxoplanets:
® Do some/all have significant magnetic fields?(direct detection of ECMI)
® Can we detect exoplanets using radio technigques? (astrometric VLBI)

® Star formation:
® \What is the role of the magnetoplasma (esp. in solving the angular momentum problem)?
B Build a comprehensive picture of complex astrochemistry in SFR

® \Why do fully convective stars (late-M, UCD's) have such large magnetic fields?
Where is the energetic plasma in interacting binaries?

ies so complex? How do
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In order to make progress on these questions, we need:
Better instruments [more sensitive, higher resolution, most $$3$]
Better analysis tools* [Al, ML, HPC]

Clever ideas [hardest]
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*Only T ML reference at conference, no Al




Einstein’s small apartment in Bern
During his Annus Mirabilis (1905)
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Personal Historical note

First maps of the mas-structure of “radio stars” were made exactly 40 yrs ago [1984]

6-telescope VLBI array including Haystack

THE ASTROPHYSICAL JOURNAL, 289:262-268, 1985 February 1
€ 1985. The American Astronomical Society. All rights reserved. Printed in US.A.
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ABSTRACT

The milli-arcsecond (mas) radio structures of seven binary stellar systems (¢ CrB, SZ Psc, HR 1099, UX
Arietis, HR 5110, Algol, and Cyg X-1) were determined using an intercontinental VLBI array at 5 GHz. Two
sources (HR 5110 Arietis) were undergoing intense radio outbursts during the observations. Four of the seven
sources were fitted with single Gaussian brightness distributions with (FWHM) ranging from 0.5 mas to 2.0
mas, corresponding to brightness temperatures 2 x 10®° K < T, <2 x 10'° K. Cygnus X-1 was unresolved,
corresponding to a linear size less than 1.4 AU (assuming a distance of 2.5 kpc).

The sources UX Arietis and Algol had a core-halo structure. In each case the core size was smaller than an
individual stellar diameter, and the halo was comparable in size to the binary system. The centroid of the halo
and core of UX Arietis was offset by ~ 1.8 mas. For all sources, an upper limit to the angular separation
between left- and right-hand circular emission regions was 6 < 0.05 mas.

A simple expanding coronal loop model is proposed in which a flare event originates in a compact, opti-
cally thick source on the surface of the spotted star and radiates by gyrosynchrotron radiation. One or more
coronal loops, whose feet are tied to the active region, expand into the outer corona, eventually becoming
about as large as the binary system. The long-lasting, quiescent radio emission arises from the expanded loop
or loops, which are optically thin at gigahertz frequencies. The model explains the gross features of angular
sizes, brightness temperatures, polarization, spectral indices, and time scales observed in most radio observa-
tions of RS CVn systems.

Subject headings: interferometry — polarization — stars: binaries — stars: radio radiation
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FiG. 4—Hybrid map of UX Arietis at 498 GHz. The restoring beam
(shown in lower right corner) is a circularly symmetric Gaussian of
O(FWHM) = 1.0 mas. (N-S structure is somewhat overresolved.) The contour
levels are at 25%, 35%, 50%, 70%, and 90% of the peak brightness. The
dashed circles show the stellar system at phase 0.2. Note that the alignment of
the radio and optical images is conjectural (see text).
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Current Radio telescopes with data presented at this meeting
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Trend: Emergence of Low Frequency
Arrays
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Why build bigger, more complex (and $$$) radio telescopes?




Observable Parameter Space for Astronomical Discovery

Harwit 1975, Djorgovski 2012

Spectrophotometric Astrometric
Domain . Domain
ux
F/AF
A/ AN Q
A
a1 a,0
>
R 0B
Polarization /:/

(‘ /’I’”

<-IIsss 2

=-S5 5333ss

Non-EM Biane
uT
Surface '
Brightness At baselines
Angular Nexo
Resolution
Morphological Time
Domain Domain

Recent radio astronomy discoveries resulting from exploring

observable parameter space: FRBs, UCDs, EHT BH images




A Golden Age for Radio Astronomy is dawning in the next 10 years

This omits many smaller, more targeted telescopes
(Solar, HI, etc) and ALMA upgrades



In US, the only major new radio facility in next decade is ngVLA (first light ~2035)

2020 [U.S.] Decadal Survey

Worlds and Suns
in Context

@ IR/0/UV Large strategic mission
% Possible Far-IR Probe

8 Possible X-Ray Probe

Time domain/multi-messenger program New Messengers
and New Physics

.

a Great Observatories Mission and Technologv Maturation Program 0 ‘
A a

Cosmic Ecosystems




New Generation VLA
ngVLA*

* Main Array: 214 x 18 m reflector antennas
* Short Baseline Array (SBA): 19 x 6 m reflector antennas
* Long Baseline Array (LBA): 30 x 18 m reflector antennas

- 10x sensitivity of JVLA, ALMA

- Sub-mas angular resolution [will
replace VLBA]

- Frequency range 2 - 100 GHz




Locations of ngVLA telescopes
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ngVLA: Best angular resolution
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SKA-T

Low frequency, Midfrequency arrays in Australia, South Africo
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+ SKA1-LOW: 50 — 350 MHz 4. A1-Mid: 350 MHz — 24 GHz,
* Phase 1: ¥130,000 antennas ' se 1: 200 15-
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SKA low frequency array
(256 ant x 512 sites = ~ 130,000 Christmas trees)
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SKA mid frequency telescopes

(Southern Africa, 191x15m, including the 64 dish MeerKAT array)
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2019

ngVLA
Submission
to Astro2020

2021

NngVLA, SKAT timelines

Prototype Delivered
to VLA Site

Submit ngVLA Proposal to
NSF/MREFC

Astro2020 Recémmendation Published

‘ Complete NSF/MREFC FDR

SKA-1end of
~construction

ngVLA Construction - |nitiate ngVLA Early Science

(> VLA capabilities)

Achieve Full
Science Operations

|

Radio Stars 3

|

Radio Stars 5
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ngVLA, SKAdata rates: A looming problem

- Average - 8 GB/s. » Peak - 128 GB/s.
- Computing: Challenging, but feasible with current technology.

- Sized by time resolution, spectral resolution, and multi-faceting in imaging. -
~60 PFLOPS/s (inc. efficiency factors) matches average data throughput.

But: about user-level analysis tools?

Current AIPS/CASA architecture will completely inadequate

Will Al/ML be able to solve the massive impedance mismatch between
the data streams of these instruments and the human astronomer?




Take-home memo

ngVLA and SKA 1 are expensive ($2B+), and are not fully funded

1. Write great science papers

2. Publicize results in many media (not just ApJ etc)

3. Mention that your research would be dramatically improved with
NngVLA, SKA [+]




