Dick,

This 1is the paper which George Dulk thought should
be circulated as an AT document. I said we should
check with you first. Is this 0K, and if so, should it
be in the memo series, file notes, or whatever,

Joan

George has already given a copy to Slee, Nelson (and you)
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CONSIDERATIONS FOR SOLAR AND STELLAR OBSERVATIONS
WITH THE AUSTRALIA TELESCOPE

George A. Dulk

Over the last few years, the VLA and, to a lesser extent,
Westerbork, have been used by a number of groups to observe
the Sun and stars, 1 have used the VLA wmyself on about &
occasions to observe the Sun  and on about 3 occasions to
observe stars. Here I will attempt to summarize some results
aof the observations and to indicate where the radiag data have
had the most impact.

SOLAR FLARES

It is astounding to realize that, despite a century of
study, the basic process of energy release in solar flares
remains largely unknown. Lack of accurate observations of
flare locations has severely hindered theorists. Probably the
most impaortant recent result was the attainment of high
resolution pictures of flares by the VLA, especially the
pictures made during the impulsive flares when the energy -
release is the fastest and large fluxes of microwaves and hard
X-rays are produced. Previously unknown was the locatdion of
the flaring volume relative to the magnetic fields of the
active region. The VLA conclusively showed- - that ' the
microwaves emanate from regions straddling the centers aof one
or many magnetic loops, an important point being the -
oppositely circularly polarized edges of the sources, to "S0%

{see Figure 1). The source sizes are unexpectedly-gmall ;- -«23» . .. .

at 15 GHz, 10" at 5 GHz and 30" at 1.4 GHz. The variation.of
source cize with frequency, emphasized by simultanecus
two-frequency observations, shows that the flare volumes are
distinctly inhomogeneous, with the strongest field and highest
energy electrons being confined to rather small cores. These
recent findings, augmented by spacecraft observatiaons that
hard X-rays emanate mainly from footpoints of magnetic loaps,
form one of the main pillars for the new theories of flares
now being developed.

The VLA and Westerbork have limitations relative to the

AT either in time resolution, frequency resolution or
trequency coverage. 0f course they have advantages in other
characteristics. An example oaf an important study possible

only with the AT is the (1D} imaging of source of short (1 to
10 ms? temporal structure at high frequencies (> 30 GHz).
These short fpulses may represent the elemental energy release
events in a flare; ane theory suggests that all fiares result
from the superposition of myriads of such mini-events. With
the AT one might measure both the spatial separation from one
mini-event to another and the size of the envelope of
mini-events,
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SOLAR MASERS

A few years age a fascinating new kind of burst was
discovered in the freguency range of about 0.6 to 3 GHz.
Called microwave spike burstc, they are very short (“1 ms rise
timesy, wvery intense <(TB > 10712 K) and highly circularly
polarized {(to 1D00%). An example is shown in Figure 2.

We now believe that the spike bursts are gxamples of a
maser process that is common in  astrophysics but which
remained unrecognized until after 1979, a process that now is
the favored candidate %o explain the terrestrial kilometric
radiation, Jupiter’s and Saturn’s decametric radiation, solar
microwave spike bursts, flare star bursts, and bursts from
binary stars such as RS CYn’s and AM Her type cataclysmic
variables (cee below). It is interesting that the first (but
incomplete) theory for the relevant maser process was
developed in Sydney by Richard Twiss in 1958, but applied by
him to solar Type 1 bursts which, we now know, are due to
another mecharniasm, The maser operates at the elegtron
gyrafrequency and low harmonics in low density plasmas, i.e.
where the gyrofrequency is higher than the plasma frequenoy.
The pump for the maser is pactial precipitation of elgctrons
in magnetic flux tubes. This creates - a vacuum in the part of
velocity space where, in equilibrium, electrons aof small pitch
angle would exist. These "lass cone distributions" naturally
occur in many magnetic structures. It is suggested that +the

observed solar and stellar radiation is due to- a-muser -

operating at the second harmonic of the gyrofrequengy, . but
that most of the maser energy de#liGFS”at*t&l"fuﬂdlﬂdﬁ?givﬁ§i“
trapped, and heats the coronal plasma. This 'is the only. known
example in astrophysics where -it-is beliwved  tby-gpomphothit
radio waves are important energetically. ‘ -

To now, no microwave spike bursts have been unlh51Qh0ﬁ§1$,
observed with high spatial resalution, although two groups are
proposing to the VLA to observe them, and one marginal

detection af a small structure {poseibly -a-spike buret)-has -

been claimed by Kuijpers et al. from an European VLB
experiment. The AT, with the Siding Springs and Parkes -
aerials, would be a powerful! instrument to elucidate ' their

properties. One could observe ag various frequenaies-in-tiye- -~ -

range 0.6 to Y3 GHz, determining sizes to ~0.1" or 80 kit omn -

the Sun, position in 1D to - about 3%, and. - neasuring- - . -

polarization, With appropriate processing of the . data,

bandwidth cauld be measured (individual spikes should . -hive a - -

bandwidth of about 1%, or about 10 MHz at 1 GHz). It would be
useful to be able to observe simultanesously at two frequencies:
spaced a factor of 1.5 or 2 apart in order to sgarch. for

harmonic strécture (1st vs. 2nd haemoniey-2nd Ve - Brgidieds - -
Measurement of all Stokes parameters could alwo:-be .vapy
informative; no  lin2ar polarization has herstofore  been
incontrovertibly detected on the Sun, but might exist in spike

bursts. el LT 0L
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SO0LAR MAGNETIC FIELDS

Within the solar corona the properties af the magnetic
field are largely unknown. Electric currents undoubtedly
exist and alter the structure which, in their absence, can be
derived f{rom photospheric magnetograms. To the present time,
radio observations are the major probe of field strengths and
they have given important information af their structure,
particularliy above active regions. By observing at
successively laower {requancies, one can sample the field at
successively greater heights., Impressive results have started
to come from the VLA, but the VLA is limited in the number of
frequencies available. Alsc the circular polarization purity
is less than is desirable for these studies.

STRUCTURE OF THE LOW CORONA AND TRANSITIOMN REGION

A significant discrepancy now exists between models of
the transition region and corona derived from radio and EUV
observations, with the EUV data implying ~3 times higher
densities (at a given temperature) than the radio. The
discrepancy occurs for coronal holes, where 1little coranal
material exists, and for normal quiet regions, where coronal
material is in large scale magnetic loops. Observations at
frequencies from 327 MHz to about 3 GHz could help to clarify

the reasons for the discrepancy. Work- aon the problem - will.

undoubtedly be done with the VLA during the next few years,

polarization impurity will be handicaps.

but the small number of frequencies available and the cipaulan

b L

SOLAR DIAMETER AND OSCILLATIONS

Using the Owens Valley interferometer at ~100 GHz,
Hurford et al. recently demonstrated that, because of the
sharp gradient of brightness at the limbs, the solar dismeter
could be measured with a precision of a few milliarcseoconds.
With that measurement they were able to derive the radio
emitting properties of spicules, jets of material rising from
and falling back onto the solar surface. An obvious extension
is to measure the diameter as a function of frequency and-do
look for time variability over periods of minutes to days. 1t
might not be possible to detect any periodic variability at
radio wavelengths, but if it is, the observations could prove
to be particularly valuable as a probe of the solar interiop:
various hydrodynamic wave modes arising deep in the Sun reveatl

themselves in the atmosphere. Their study, "solar
seismology", is of great current interest, with important
implications , for all of stellar evolution. ANABA is now

cansidering an “urgent" new szpacecraft to be devoted to the
subject.y

STELLLAR CHROMOSPHERES, CORONAE AND ACTIVITY

Over the past few years many astronomers were greatly
surprised to find that corcnae exist on a wide variety of
stars, quite unexpectedly for stars 1in certain parts of the HR
diagram, Most evidence came from X-ray observations,
especially by the Einstein abservatory. Meanwhiles, soglar
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studies had demonstrated that X-rays from the quiet corona
arise almost entirely in magnetic loops, and that a necessary
and perhaps sufficient condition for coronae are magnetic
fields, Thus was born the "solar physies of stars". To date,
guiescent =mission from several stars has been detected at
radio wavelengths and the measurements do not always agree
with models derived from the X-ray data. For example, for the
star ¥1 Orionis the radipo data require the presence of higher
temperatura material (several x 1077 K) or a more extended
corona (several stellar radii) than one would have expected
from ¥-ray data alone, g

As from the Sun, the emission from stellar coronae
undoubtedly wvaries aon several time scales, from day to day as
active regions and starspots are born and die or rotate into
and out of view, and from year to year in an activity cycle.

Te elucidate their properties, most importantly the
magnetic fields, abservations are needed with high
sensitivity, high polarization purity - and 'good - spectral
coverage tfrequencies separated by a factor of 2:1 ar less).

FLLARE STARS

Flares are comman on certain kinds of stars, especially M
dwarfs, and are seen at wavelengths from X-ray to-padiow The
energies of the flares sometimes sxceed thuse of ﬁhq{%» solar
counterparts by  several orders -of magnitude, - Beveral
different emission mechanisms may be  important ~ath. radio
wavelengths--plasma, gyrosynchrobrona=anﬂ»mns&rﬂwmqgm$hqy»uan
be distinguished by their spectra, pd!arizatibn =

variations. Figure 3 shows the time. vdriiba};ﬁy%ni ..V ,
stellar flare recorded at the VLAj Lnterest&nqu,; the
gquiescent emission arose from one star of a widlly separated
pair of dMe stars and the burst acrose from the othar. - Some
believe that this intense, highly circularly polarized -burat
is due to the electron-cyclotron maser mechanism mentioned
earler, but this is a new idea that has not been -accepted by
all.

Btudies of flare stars are proceeding at the VLA. It has
many advantages for the studies but is somewhat handicapped in
obtaining spectra by its 3:1 frequency separations (most
bursts undpubtedly have a narrower frequency range) -and by the
impurity of its circular polarization measurements. It is
generally accepted that magnetic energy is at the root of
these flares, but only in the radio range does the field

strength strangly affect the emissian. Thus - accurate
i measurements of all Stokes parameters are highly desirable so
that propert¥es of the field can be derived, - -~ "”Wﬂwf*“ Co

B

FLARE STARS AND STELLAR EVOLUTION

An important discovery, made by Haro and Morgan in- 1983,
is that {flares are common ain T Tauri stars and stellar
associations, implying that flare processes are straonger in
the vyounger stars, and that flaring may be important to the
process of stellar formation and development. It may even be
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true that in the 2arly stages of t
through a stage of flare activity
example, of 175 T Tauri stars in th
emission lines, 28 have flare-1i
wavelengths on  time scales "33 min
Orion, within spectral classes KO to
In the Pleiades 449 stars are flare

It would be surprising if
accompany the aptical activity i
associations.  Many undoubtedly have
2lectrons. For example, one theor
flare radiation from cool stars is
plentifuld IR photons to visible
scattering by nonthermat electran
emission at 150 and 408 MHz from
made more than a decade 490 by Slee
they abtained several convineing
powerful bursts. To my knowledge,
higher frequencies with an instoum
new is and the AT will be, with the
polarization and pinpointing which
the distance to most of the stellar
times farther than to typical fla
flux density is down by a fact
undetectable if the flaras are
However, the bursts reported by §1
outburst on AM Her (see below)
intense than is typical of flare sta
expected that radio bursts can be d
Tauri stars and stellar associations

It is noteworthy that, because
depend on the characteristics of
detection fram young stars should be
expected because magnetic fields
bursts are likely to exist neap
important because magnetic fields prp
in the initial stellar evolution (e,
the proto-Sun? and radio methods a
detecting the fields and deriving th

STELLAR WINDS

As with c¢oronae, stellar winds

a wide class of starsy in fact moe
or a hot corona. A coup for radio a
has been the use of radic flux
derivation of mass loss rates,

uncertainties that plague UV, ap
The resulting/ picture of mass losses
because of the new insight intg
radiation, fnd it has strongly affe
stellar evolution (the time scale
stars, comparable with the time scal
Some aspects of interstellar phys
atffected because, associated with th
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heir lives, all stars pass

(Gurrzadyan 1980). Faor
2 Orion association with H
ke activity at vieible

- Altogether 325 stars in
M3, are known to flare.
stars,

radic emission did not
n many of these stars and
magnetic fields and fast
y of the arigin of visible
the conversion of (the
photons by inverse Compton
5. A search for radio
the Orion association was
and Higgins (1971) and
detections of surprisingly
no one has searched at
ent as powerful as the VLA
capability of measuring
star is emitting. Because
associations is some 30
re stars like UV Ceti, the
or of 1000, and thus
comparable in—-dintensity. -
ee and Higgins and the
were 10 to 1000 times more.
rs. Thus it should . be
etected from some nearbhy T-
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radio emissions ‘generally

tha--magnebiﬁﬁii&ld, its
expected and important:
and hence nonthermal radio
newly formed stars, and
obably play a oruciai role
9. the spinning down of
re perhaps the only way of
eir properties.

are now known to flow fram
t stars either have a wind
stronomy in recent years
measurements for aocurate
free from most of the
tical and IR observations,-

is interesting in itself
hydrodynamics coupled with
cted certain aspecsts of
for mass loss is, for some
e for nuclear " burningy.
ics and star formation are
2 stellar mass losses, are

interstellar imass gains and shock waves, Temporal changes in
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mass loss rates from stars mav well be important, but to now
there i= little information on them; however, they should be
prominent in radio flux measucements.

CLOSE RINARY STARS
) AM Herculis, the prototype of the class of magnetic
cataclysmic variable stars, has now been detected with the
VMILA. The primary star of the system is a white dwarf with a
surface field of about 10°7 gauss, sufficiently strong that
the secondary, a red dwarf, is embedded in the magnetosphere.
The suggested model for the quiescent radio emission has ~300
keV electrons trapped in the magnetosphere and emitting

gyrosynchrotron radiation, with the electrons possibly
energized in a way analogous to Io’'s effect as a unipolar
inductor in Jupiter’s mwagnetosphere, The guiescent emission

is visible in Figure 4 (top pansll,

Very recently an outburst of radio emission was
serendipitously discovered on AM Her (Figure 4). The rapid
time wvariability, high brightness and high circular
polarization imply a coherent radiation mechanism, possibly. an
electron-cyclotron maser of the kind discussed above. The
location of the source is uncertain but most likely it was an
or near the red dwarf. If so it implies the existence of a
magnetic field on the red dwarf and thus the likelihood of
magnetic interactions between the fields of the two <stars.

The previously unexplained variations- in X-ray, UV and optioal.

activity on time scales of months oould result from . such

interactions modulating the transfer of matbter fram the- ra& Lo

the white dwarf.

. 1 -
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The spectrum uf the outburst is entlrely unknuwn, ft‘was
detected at 5 GHz but not at {5 GHz when- the latter-was in use
during the gaps in the central panel of Figure 4, This

underscares the need for simultaneous measurements at two

frequencies spaced a factor of 2:1 or less aparty less

desirable but still wuseful would be the ability to switeh-.

rapidly between the two frequencies. Measurements of circular
polarization are also extremely important.

RS CVn's represent another interesting type of close
binary star. As shown in Figure 5, they have a smoothly
varying component of low polarization and & more rapidly
varying component with strong circular polarization. The
former is most evident in Figure 5 at 8.1 GHz and is probably

due to incoherent gyrosynchrotron radiation. The latter is
evident only at 2.7 GHz and is attributable to the electron
cyclotron maser. VLB measurements have indicated a source

size of "10711 cm (probably pertaining to the ‘slowly wvarving
component},/ which 1s approximately the separation of the two
stars. &Strong magnetic fields, giant starspots and activity
cycles are inferred in RS {Vn systems. Either mass transfer
or magnetic field interactions between the two stars (see
Figure &) may account for the intense activity observed.
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Radio emission of high brightness has reportedly hbeen
detected from another class of variable stars, the dwarf
novae. This wmight also have resulted fram the 2lectraon
cyclotron maser.

Pesirable abservations for RS CVn‘s  and dwarf novae
include those mentioned for the AM Her stars and, in addition,
VLB measurements from Culgoora to Tidbinbilla.

EXPECTED NUMBERS OF STARS DETECTABLE WITH THE AT

Here 1 give rough estimates of the number of stars of
several kinds that should be detectable with the AT. At the
outset I amphasize the impoartance of making the sensitivity as
high as possible, for example by enlarging the AT bandwidth to
256 or 512 MHz and/or by incorporating Siding Spring and,
especially, Parkaes, with asg large a bandwidth as possible,
The reason has te do with the number of stars detectable at
the desired S/N ratio given an intagration time fixed at ™1 tg
10 s by the time variability of the ewmission. Assuming that
Tsys is the minimum practical, then the §/N could be improved
by about a factor of two by incorporating the large aperture
of Parkes with the same bandwidth- as at Culgoara-(with
interesting exceptions stars would all be point sources for
Parkes-Culgoora?, and could be impraved-by a factor of 1.4 -to
2 by doubling or quadrupling the‘bandqidth. : ‘

Because stellar sources are relatively olose to the solar
system, less than a few hundred parssgy“thwir number ‘4norsases
as Dlim™3, where Dlim is the limiting:distance for a seurce to

- be detectable with the given S/N-{sey 5+1) and-inbegrabion . -

time, say 10 5. On the other hand, the flux density. ‘goes as

Dlim~-2. Therefore the number of detectable sources-N goes as
1. 0.75 t

Hence doubling the bandwidth would allow &8% more stellar

sources to be detected and quadrupling it would allow 2.8

times more to be detected. Similarly, inclusion of Parkes

with full bandwidth would allow 2.8 times more sources -to be

detected.

Flare Stars: Typical flux densities of flares on stars about
10 pc distant are 10 mJy at . § .GHzs - The AT af "atandard
specification" (128 MHz bandwidth and 40 MHz bandwidth
Parkes-Culgoora) will have rms T 0.7 w]y with--10 s
integration, and could obtain a & sigma detection of a typical
flare on a star at Dlim = 17 pe. It is estimated that there
are 38 flare stars within 10 pc. Thus there should be. -about
180 detectable {lare stars fore- the tstandard” AT IEf the -
bandwidth were doubled to 256 MHz the number would incpgase to
about 300, and if gquadrupled to 512 MHz the number would be
about 500. : ©

At lower frequencies, say 0.4 GHz, the flux density of
detected flares is about 0.5 to & Jy. Although these are
relatively high values, given the higher system teaperature,
lower bandwidth and increased oonfusion at the lower
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frequency, the number of detectable flare stars should be much
the zame as above. Comparison of characteristics of flares at
high and low frequencies is important to establish whether, as
is the case f{for the Sun, gyrosynchrotron emission and
electron-cyclotron masers dominate at frequencies > 1 GHz
while plasma radiation dominates at < 1 GHz.

Close Binary Stars: Stars such as AM Herogulis type binaries
are much rarer than flare stars, the closest being "100 pc
distant. The outburst detected on AM Her was ~10 to ~100
times more energetic than is typical of stellar flares. With
considerable uncertainty it can be -estimated that similar
outbursts on 5 AM Her type stars would be detectable with the
"standard" AT, 8 if the bandwidth were doubled, and 14 |if
guadrupled.

Stellar Associations and Clusters: OQutbursts such as that on
AM Her could be detected at a distance of 170 pc with the
"standard" AT, 200 pe if the bandwidth were doubled and 240 pc
if Qguadrupled. There are roughly 1&, 2% -and Z2 associatians
and open clusters within these distances respectively.

Quiescent Radio Emission from Stars: While a large number of
stars are known to ewmit X-rays more or less steadily, to my
knowlecge anly a half dozen or 1less have been detected at
radio wavelengths, although searches are -being or have been
made for athers. The flux densities 6f the detected stars run
from about 0.5 to 5 mJy and the distanpes from about 2 to 100
pe. Because the ratio of outburst to ‘quiescent flux is. one to
two orders of magnitude and the cebdonf-integration times
possible is two to four orders of wmagnitude, the : namber . of
detectable quiescent radio emitters-shouldibe-roughliy-sie-same -
as the number of flare stars. : A C
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DESIRABLE CHARACTERISTICS OF THE AUSTRALIA TELESCCPE
FOR SOLAR AND STELLAR OBSERVATIONS

FIRST PRIQRITY

(1} Ability to cope with high solar fluxes, about 1 MIy
fMegajansky) for the guiet Sun and up to 100 MJy for flares,
while retaining accurate flux and phase calibrations, the
latter presumably derived fram measurements of ~1 Jy sources.

Also must cope with rapid changes of flux and hence system
temperature,

(Z) Ability to measure all Stokes parameters accurately,
especially circular polarization.- Polariration- aocuracy
should be retained aover a large field, e.g. the talf-power
beam of the aerials.

(3) High sensitivity: rms < 1 mJy in a-1 & observation.
(4> High time resaolution: <10 ms. e e ‘m” R

(5) Ability to work at two frequencies’ sxnultaneouily pv, at
least, in rapid sequence (~1 g),. The apacing" thitwﬁen
available frequencies should be at moast: 2 bo»1swwnwnc&%g“ﬁ 4o
1 would be valuable for the purpase of examining harwmonic
structure, if it exists. A good- sqt~a! !riqugnowﬁiﬁ%pu&ﬂ beww

0.3 to 0.4 GHz: study of decxmeter hursts«%ran~'
and stars; also the quiet Sun. : e
0.6 to 0.8 GHz: decimeter butﬁt‘.—twit%ﬂw%! ‘Buﬂﬁﬁ“ﬂ' 7
quiet Sun; electron-cyclotron masscs., A e
1.4 to 1.8 GHz: dacimeter bursttﬁ*wmh%thﬂwﬁﬁﬂg

quiet Sun; electron-eyclotron massr&: o

2.5 to 3.0 GHz: sclar and stellar-flaresj m&gﬂlbﬂnw
in active regions; high end of solar MAERrS § stﬁifﬁr_*"“

masers; stellar chromospheres and coranag., - - v e
4.5 to 5.0 GHz: solar and stellar flares; magnetin fieadt

in active regions; stellar masepsqy--stellar maqnﬂ&ﬂ!@hl@ﬂdwwm*-ww

stellar chromosheres and toronae; mass loss from stars.
7.0 to 10. GHz: <solar and stellar flares; magnetic ‘fieslds-
in active regionsj high end of stellar masers?y masﬁkiﬂﬁSi

20. to 22. GHz: solar and stellac-flares; solas: ; i

and oscillations; stellar magnetospheres; mass losss '+

40, to 44. GHz: solar and stellap . flarest ioiaw@ﬂQAﬂatnﬁ%Qm-~4

and oscillations; stellar magnetospheres.
80. to 88. GHz: salar flares; solar diaweter iﬂ¢wuwwmv‘w~~
oscillations; stellar magnetospheres?

- Jm‘s

SECOND PRIORLTY S RN :'g@&

;
(1) Ability to measure the spectrum within a givan~band1 @G

from 1.3 to 1.8 GHz. Could the 5pectral lxne SYﬁtem‘dﬁ ;his”f
Or autocorrelation pracessing? -

(2) Utilization of Parkss and sometimes Tidbinbitla~-. with .

Siding Springs and Culgoora, with all of the capabilities
listed above. : -
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(3) Ability to change pointing rapidly <(~1 s! bhetween two
positions separated by a degree or so (e.g. from one solar

limb te the cther,

TEAC TR
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ar fraom one active region to another).
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