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Discovery of Microwave Emission from Four
Nearby Solar-Type G Stars

Manuel Gudel, Jirgen H. M. M. Schmitt, Arnold O. Benz

Radio waves from the sun were detected 50 years ago, but the microwave detection of other
single solar-type stars has remained a challenge. Here, the discovery of four solar-type radio
stars is reported. These “‘solar twin”’ G stars are radio sources up to 3000 times stronger than
the quiet sun. The microwaves most likely originate from a large number of relativistic elec-
trons, possibly produced along with coronal heating, a process that is not understood. Two
of the stars are younger than the sun and rotate more rapidly; the dynamo process in the stellar
interior is therefore presumably more vigorous, resulting in enhanced coronal activity. One of
the detections, however, is an old, metal-deficient G dwarf.

The magnetic dynamo in late-type stars
results from an interaction between convec-
tion and differential rotation, so that coro-
nal activity is expected to be strong in
rapidly rotating stars. Consequently, young
stars, often having short rotation periods, as
well as interacting binaries of late spectral
type should be prone to magnetic phenom-
ena. In the radio domain, many red dwarf
stars with emission lines in their optical
spectra (dMe stars) are known not only as
“radio flare stars” but as sources of “quies-
cent” microwave (~1 to 10 GHz) emission
that is orders of magnitude more luminous
than the sun; the latter emission is often
ascribed to the gyrosynchrotron mechanism
by nonthermal high-energy electrons. Only
a few K stars, among them very young ob-
jects and rapid rotators, have been detected
as strong radio sources (1-4). In a survey of
solar-like stars, the dwarf x! Ori was detect-
ed as a transient radio source (5), but this G
star turned out to be a binary with an
M-type companion (6). A very deep inte-
gration yielded a weak signal from the
slightly evolved F5 IV-V star Procyon, com-
patible with thermal emission (7), while a
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small survey of FV stars revealed no further
radio detections (8). A few G stars in RS
CVn-type close binaries, forced to rotate
rapidly, are known radio emitters (9, 10).
Solar-like stars are thought to lose rapidly
much of their initial angular momentum
early in their lifetime. Therefore, nonther-
mal magnetic microwave activity of single
stars is expected to decline rapidly with age
and to become undetectable with present-
day instruments at spectral types earlier
than K. The sun, a middle-aged (~5 X 10°
years) G2V single star, does not emit con-
siderable continuous, nonthermal micro-
wave radiation, and its free-free emission
would be difficult to detect even at the
distance of the nearest stars (~30 pJy at 1.3
po).

The apparent dichotomy between
strong stellar and weak solar microwave
emission raises a number of questions: Is
the prominent coronal activity of the
coolest and the youngest stars intrinsical-
ly different from what we observe on the
sun? Are coronae of the truly solar-type G
dwarfs inherently much less prone to con-
tinuous or frequent acceleration of ener-
getic particles? To address these questions
and possibly link microwave activity on
late-type stars to the solar analog (the
“solar-stellar connection”), we conducted
a deep microwave survey of 15 selected G
stars with the Very Large Array (VLA)
(11) at its sensitive X band (8.5 GHz) in
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A/B array configuration on 26 and 29
January 1993.

Our selection of targets may deserve a
few comments. The quiescent radio lumi-
nosity (Lg) from an M dwarf is closely
correlated with the stars’ quiescent x-ray

luminosity (L,; log L, — log L =~ 15.5 at
5 to 8.5 GHz) (12), a relation that is also
suggested for K stars (4) as well as for
active binaries and evolved stars (9, 10,
13). This relation motivated us to search
the complete Roentgen Satellite (RO-
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Fig. 1. Contour plots of the four microwave detections: (A) Gl 97, (B} Gl 755, (C) HD 129333, and (D)
HD 225239. Contoursare at (—3, 3,4, 5. . .)o, where o is the map noise root mean square. Each star
was observed during ~45 min at 8.5 GHz, with application of standard flux and phase calibration
procedures. The angular resolution in the maps is approximately 0.5 arc sec. All maps were analyzed
by standard astronomical image processing system methods. The stellar images were cleaned and
fitted with Gaussian models to derive the total fluxes in Table 1. The crosses define the optical
positions atthe epoch of our observations in the J2000 reference frame. The length of the error bars
represents the statistical sum of the uncertainties in the optical and radio positions. The former
include systematic and random errors in position and proper motion (adopted total of 0.6 arc sec),
while the latter’s errors comprise the maximum possible errors in our VLA phase calibrators (~0.15
arc sec) and the map pixel resolution (0.1 arc sec). The VLA observations of Gl 97 and Gl 755 were
at relatively low elevations and are likely subject to some further deviations due to differential
refraction. All detections are compatible with point sources. A few distortions of the cleaned stellar
images are due to underlying, elongated noise features at the 2 to 3¢ level. The extension at the 3o
level to the east of Gl 755 (Fig. 1B) is due to the extended VLA beam shape during A/B array
reconfiguration. The insets show the beam at its 50% level (also 80% for Gl 755 and 30% for HD

129333).

SAT) x-ray All-Sky Survey for Gliese
(Gl) stars and Bright Stars in (14) of
spectral class GV that could be detectable
microwave sources if they followed the
same luminosity relation. The x-ray lumi-
nosity was determined from the count
rates with a standard conversion factor for
a plasma temperature of about 107 K. Our
targets presented below show steady x-ray
emission about 100 to 800 times more
luminous than the quiet sun (L, ~ 10%7
erg s™1). Several selected candidates were
expected to be close to the microwave
detection limit. Here, we report the first
firm radio detections (signal-to-noise ra-
tio = 6) of four nearby solar-type G stars
with high positional accuracy. Their mi-
crowave luminosities match our x-ray
based predictions to within factors of
~1099 to 1092 (Table 1).
Unambiguous identifications require
high spatial resolution made possible with
the interferometric technique. To illus-
trate the positional accuracy of our detec-
tions, we present in Fig. 1, A to D, con-
tours of the radio sources along with the
optical positions from (15); all errors are
assigned to the optical positions for con-
venience. The observations yielded clear
detections at the 6 to 130 level within
the error boxes from the optical positions.
The four stars have been frequent targets
of optical surveys devoted to the study of
solar twins. The bona fide solar-type star in
our sample seems to be Gl 97 or k Fornacis
(Fig. 1A). Its spectral type, GLV, its equa-
torial wsini of 4 km s™!, (where v is the
surface rotation velocity and i is the incli-
nation of the axis to the line of sight), and
its assumed age [~2 X 10° years, based on
Li abundance and rotation velocity (16)]
make it nearly solar-like (17). To the best of
our knowledge, this star and Gl 755 (Fig.
1B) have not been identified as spectro-
scopic binaries in the published literature,
although a conclusive proof of a star’s sin-
gularity is exceedingly difficult, and all of
our targets deserve to be included in future
surveys addressing this question. At any
rate, the x-ray luminosities of both stars
exceed 10%° erg s™!. At such large levels of
x-ray luminosity, G-type stars are far more
likely to be coronal x-ray emitters than
M-type stars (as derived from x-ray popula-

Table 1. Values of x-ray luminosity (L,), radio flux, radio luminosity (Lg), brightness temperature (Tg), and supplementary data for the detected stars; comparison

with the sun.

Spectral Distance log L, Radio flux log Lg Tg Age

Star type 00) (ergs™Y) (dy = 10) (erg s~ Hz™) (107K) (10° years) References

Gl 97 G1v 13 29.0 254 + 35 13.71 1.1 ~2 (74, 16)
Gl 755 G5V 22 29.4 185 + 31 14.03 2.4 —_ (29)
HD 129333 dGOe 31 29.9 338 = 25 14.59 8.6 ~0.07 (78, 29)
HD 225239 Ga2v 29 29.5 180 + 30 14.26 4.0 ~10 (14, 24)
Quiet sun G2v 5% 1076 ~27 ~2 % 102 10.8 ~0.001 ~4.6
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tion studies in open clusters), and thus the
x-rays should be attributed mostly to the G
stars. Because the radio emission has the
level expected from the radio/x-ray ratio of
active stars (13), it likely originates also
from the G stars.

The dGOe star EK Draconis, or HD
129333 (Fig. 1C), is a young solar analog
just arriving on the main sequence [a
probable kinematic member of the Pleia-
des moving group at an age of ~70 X 10°
years (18)] that rotates very rapidly (with
a period of 2.7 days) (19) and shows high
chromospheric and transition-region ac-
tivity (18, 19). A widely separated com-
panion with a mass of >0.37 times the
mass of the sun (Mg) has recently been
suspected [orbit period ~12 years (20)],
although little else is known about it.
Such a system, because of its wide sepa-
ration, can be treated as two noninteract-
ing single stars. Although we cannot ex-
clude microwave emission a priori from a
cool companion, follow-up observations
show evidence for the rotational modula-
tion of microwave and x-ray emission pre-
cisely with the optical rotation period of
the G star (21). Further, we notice that
the measured Ly of ~ 4 X 10'* erg s™'
Hz™! exceeds the low-level emission of
most single M dwarfs [typically, Ly < 1.5
X 10%erg s~ Hz7! (12, 22), whereas for
RST 137B, Ly =~ 10'° erg s™! Hz~! (23)].
The identification of the radio source
with the G star is also supported by the
strong chromospheric activity and rapid
rotation, which are clearly attributed to
the G star.

The surprise detection in our sample is
the star designated HD 225239 (Fig. 1D).
Unlike HD 129333, this star is metal-
deficient with a high space velocity, from
the main sequence of the old-disk popu-
lation and of the solar spectral type G2V,
moving toward the sub-giant class (24). It
is puzzling that a star much older than the
sun supports microwave emission orders
of magnitude brighter than even the
strongest solar microwave flares (L =~
102 erg s7! Hz™1). If HD 225239 were
found to have a late-type companion, it
would again appear unlikely that both
x-ray and radio emission can be ascribed
to this faint star. No old late-type M star
has ever been found with x-ray luminosi-
ties nearly as high as HD 225239 (25).
Radio sources of M stars are, not too
surprisingly, also strongly biased toward
the young disk population (22).

In Table 1 we estimate the brightness
temperatures, Tp, of the radio emission,
assuming a source size equal to the solar
diameter. Strong radio emission from ac-
tive stars generally cannot be reconciled
with being thermal free-free emission
from the coronal bulk plasma at temper-

atures of ~0.1 X 107 to 2 X 107 K (26),
because this classification would imply ex-
ceedingly large, optically thin sources (5).
However, the plasma can become optical-
ly thick at the lowest coronal levels in the
presence of strong magnetic fields (5),
resulting in gyroresonance emission of the
thermal plasma at low harmonics of the
gyrofrequency. A large magnetic filling
factor could account for the observed
emission of Gl 97 and Gl 755. On the
other hand, if the solar analogy has some
merit and observational surface spot mod-
els can serve as a reference (27), radio
emission should come from several more
compact, localized active regions, increas-
ing our estimates of Ty However, 8.5-
GHez radio emission of many other active
stars is, as judged from microwave spectra,
likely to be optically thin (12, 13), indi-
cating that the effective temperature, T ¢
= Tg/t, with 7 < 1. Thus, T may in fact
constitute a rough lower limit to the ef-
fective temperature of the microwave-
emitting electrons, suggesting emission by
high-energy (very hot or nonthermal)
electrons. Because microwave spectra are
not yet available for our targets, the emis-
sion mechanism cannot be established.
None of our detections are strongly circu-
larly polarized, with upper limits between
24 and 57%. Also, we did not find obvious
short-term flaring activity during the ob-
serving time of about 45 min per star.
This result likely excludes coherent flares
(although not long-duration incoherent
flares) that are frequently observed on
dMe flare stars and may suggest a more
steady gyrosynchrotron emission mecha-
nism, as in many active stellar coronae of
M dwarfs and K stars. The close agree-
ment between the predicted (from x-rays)
and observed microwave luminosities fur-
ther support the idea that efficient parti-
cle acceleration (as manifest in the mi-
crowaves) and coronal heating (responsi-
ble for strong x-rays) on these stars may
be signatures of the same, probably flare-
like, coronal energy release processes
(28).

The detection of apparently steady,
not strongly polarized and possibly non-
thermal radio emission in the range of
13.7 < log Ly < 14.6 (two orders of
magnitude stronger than the strongest so-
lar flares) from four nearby solar-type,
main-sequence G stars is a new discovery
that contradicts the expectation that stars
of optical spectral type G, and in partic-
ular solar-age or older main-sequence
stars, cannot be detected as radio sources.
It thus appears that there is—just as in
the case of K- and M-type dwarf stars—a
population of very active G stars that
possibly maintain high-energy electrons
in their coronae that can be detected
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through microwave emission. The dichotomy
between active and inactive stars has therefore
been extended into the range of the solar-type
stars. In our sample, youth does not seem to be
an unconditional ingredient, although further
studies are needed to uncover the nature of the
apparently old star HD 225239.
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