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ABSTRACT 

We have observed a giant stellar flare in the Hyades binary HD 27130 = VB 22 = BD 4T6°577 
with the Einstein Observatory. The peak X-ray luminosity of the flare is greater than 1031 ergs s1, at 
least several thousand times brighter than the most intense solar flares. The ratio of flare peak to 
quiescent X-ray luminosity is — 35. The flare began shortly before 1980 September 19d06h13m UT, 
and decayed with a 1 /e time of ~ 2500 s. 

HD 27130, first detected as an X-ray source in the central Hyades survey of Stern et al, recently 
has been determined to be a double-lined eclipsing binary with a period of 5.6 days. The primary is a 
G dwarf, and the secondary is a K dwarf, as determined by McClure. The temperature estimated for 
the flare ( ~ 4 X 107 K) and the form of the flare decay suggest that it is solar-like; however, the size 
scales deduced (> 10% of the stellar surface area) are much larger than those observed for typical 
solar flares. We suggest that giant flares may be typical of young or rapidly rotating systems. 

Subject headings: s\axs\ atmospheres — stars: binaries — stars: coronae — stars: flare — 
stars: late-type — X-rays: sources 

I. INTRODUCTION 

There are only a handful of classical “ flare stars” for 
which X-ray flaring has been observed. Prior to the 
launch of the Einstein Observatory, soft X-ray flares 
were detected on the M dwarf flare stars YZ CMi, UV 
Ceti (Heise et al 1975), Prox Cen (Haisch et al 1977), 
AD Leo, and AT Mic (Kahn et al 1979). With Einstein, 
Johnson (1981) detected X-ray flaring on Wolf 630 and 
BD +44°2051. Einstein observations of X-ray flares on 
Prox Cen (Haisch et al 1980, 1981) and YZ CMi (Kahler 
et al 1982) have provided detailed X-ray light curves 
of such events. More recently, large X-ray flares have 
been detected in RS CVn systems (White, Sanford, 
and Weiler 1978; Pye and McHardy 1980) and in pre- 
main-sequence stars (Feigelson and de Campli 1981; 
Montmerle et al 1983). Although it is generally believed 
that stellar flares are similar in origin to solar flares, the 
energy released in stellar flares is often many orders of 
magnitude greater than that of solar flares. For this 
reason and also because of the lack of spatial informa- 
tion about stellar flare regions, the values of physical 
parameters such as flare volume and magnetic field 
strength have been a matter of some controversy (Mullan 
1976a, b\ Vogt 1980; Kahn et al 1979). 

'Guest Observer with the Einstein Observatory (HEAO 2). 

In a survey of the central region of the Hyades cluster 
with the Einstein Observatory {HEAO 2), Stern et al 
(1981) detected coronal X-ray emission from 48 stars. 
Two of these were flare stars, but no X-ray flares were 
observed; however, this null result is partly due to the 
short (2000 s) exposure times for the original X-ray 
survey fields. To investigate X-ray variability and spec- 
tral parameters better for the strongest Hyades X-ray 
sources, follow-up observations with longer exposure 
times (10,000 s) were made for selected fields. During 
one of these longer duration exposures, a previously 
discovered X-ray source, HD 27130, underwent an X-ray 
flare. 

II. OBSERVATIONS 

We observed a Io X Io region in the Hyades with the 
Einstein Imaging Proportional Counter (IPC) centered 
at «(1950) = 4h15m29s, 0(1950) = + The ob- 
servation lasted from UT 04h47m to UT 1 lh03m on 1980 
September 19. Total time in the processed IPC image 
was ~ 2h50m. (Details of the IPC and Einstein Observa- 
tory operation may be found in Gorenstein, Harden, and 
Fabricant 1981 and Giacconi et al 1979.) 

The IPC count rate for HD 27130 shows a dramatic 
change in X-ray luminosity just after the source emerged 
from Earth occultation (6h13m UT). In Figure la, we 
plot the source count rate as a function of time. The 
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Fig. 1.—{a) IPC source count rate as a function of time, (b) Derived flare temperature in keV using Raymond’s (1979) plasma emissivity 
model. Two values of the IPC gain and corresponding temperatures are shown, indicating representative values of the true gain parameter. 
Higher gain (16.3) indicated by filled circles, lower gain (14.3) by open circles (see text). Results from fitting MPC data to simple exponential 
models give best-fit values and limits indicated by “MPC.” Error bars are 90% confidence limits for single parameter, (c) Emission integral 
derived from (a) and (b) (90% confidence limits). The hatched regions at the bottom of the figure indicate gaps in the data coverage due 
mostly to Earth occultations. 
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initial e-folding decay time is ~ 2500 s, with a clear 
increase in decay time toward the end of the flare. 
Because the flare began during a period of Earth occul- 
tation, we can only set an upper limit to the flare rise 
time of less than 2800 s. The peak IPC count rate is 
- 1.6 counts s-1, or - 35 times that of the quiescent 
X-ray flux. The corresponding X-ray flux is - 4 X 10~11 

ergs cm-2 s - \ equivalent to an X-ray luminosity of 1031 

ergs s_ 1 at the Hyades distance of 45 pc (Hanson 1980; 
McClure 1982). Since we failed to see the flare rise, this 
number represents a lower limit to the peak X-ray 
luminosity. 

Determining the flare temperature and the emission 
integral (n^V) from the IPC pulse-height distribution is 
complicated by high spatial frequency variations in the 
IPC gain. We may, however, set bounds on these quanti- 
ties for a range of possible IPC gains. Also, the time 
variation of the relative hardness of the X-ray spectrum 
can be derived from each gain value. The data were 
fitted using the thermal plasma emission models of 
Raymond (1979). 

The results of this analysis are shown in Figures lb 
and \c. The hardening of the source spectrum after the 
onset of the flare is apparent, with a quiescent kT of less 
than 1 keV and a lower limit on the flare temperature of 
more than 1 keV. The emission integral changes by up 
to two orders of magnitude, reaching a peak of greater 
than 4 X 1053-1054 cm-3. Fortunately, we also detected 
harder X-rays from the flare using the coaligned Moni- 
tor Proportional Counter (MPC) of the Einstein Ob- 
servatory, a nonfocusing, collimated detector sensitive to 
~ 2-10 keV X-rays. Although the MPC is considerably 
less sensitive than the IPC to soft X-rays, by summing 
all the counts from the time interval at the peak of the 
flare (3300 s) and fitting the eight channels of MPC 
spectral information, we may derive a crude tempera- 
ture, but one that is still better than the very uncertain 
IPC temperature. The MPC data yield a best fit temper- 
ature (for simple exponential models) of ~ 4 keV, with 
90% confidence limits at —2.5 and 9 keV. The corre- 
sponding X-ray flux at Earth (2-10 keV) is - 3.3 X 
10“11 ergs cm~2 s~\ comparable to Lx derived from the 
IPC data. The total flare energy in X-rays (0.2-10 keV ) 
is thus > 3 X 1034 ergs. 

III. COMPARISON OF X-RAY RESULTS WITH OPTICAL 
OBSERVATIONS 

In Table 1 we list the optical and quiescent X-ray 
properties of HD 27130 as given by McClure (1982) and 
Stem et al. (1981). HD 27130 has several characteristics 
in common with the RS CVn systems (Hall 1976, 1980). 
It is an eclipsing spectroscopic binary, the hotter star of 
the binary is a G dwarf; and strong Ca n H and K 
emission reversals have been detected (Eggen 1978). The 
quiescent X-ray luminosity is at the lowest end of the 
range observed for most RS CVn systems (Walter and 

TABLE 1 
Properties of the HD 27130 System3 

Parameter Value 

Period   5d61 
Inclination   850 ±1° 
Primary mass  1.086 ± 0.018 MQ (G0)b 

Secondary mass ... 0.776 ± 0.015 M0 (K0)b 

Quiescent X-ray ... ~ 1 X 1029 ergs s_ 1 

aK= 8.34 ( F primary = 8.59). 
bSpectral types estimated from Allen 1973. 

Bowyer 1981) and is typical of G dwarfs in the Hyades 
(Stem et al 1981). The secondary component, of lower 
mass and lower bolometric luminosity (McClure 1982), 
is clearly not evolved, unlike many RS CVn stars, and 
no photometric wave has been detected in visible light. 
As Hall (1980) has pointed out, however, the key char- 
acteristic of RS CVn or RS CVn like systems is proba- 
bly the rapid synchronous rotation of one or both of the 
stars with well-developed convection zones. With our 
data, however, we cannot determine on which of the 
binary components the flare occurred. 

We infer from our observations that a class of X-ray 
flare stars may exist which are difficult to detect opti- 
cally. Classical flare stars are detected in the U ox B 
bands not only because of large flare energies, but also 
because of their low photospheric temperatures ( - 3200 
K or less for dMe), which increase the contrast between 
quiescent and flare brightness at the shorter wavelengths 
of the photospheric spectrum. Thus, by “hiding” a flare 
star in the binary system with a hotter primary, the 
dramatic increase in U band luminosity characteristic of 
stellar flares (Mullan 1976a, b) can be effectively sup- 
pressed. In X-rays, of course, such flares are consider- 
ably easier to detect. This is a good argument for longer 
term X-ray monitoring of highly active stars likely to 
exhibit flaring behavior using the next generation of 
X-ray satellites such as the European X-Ray Observatory 
Satellite {EXOSAT). 

Analysis of the remaining Hyades follow-up fields has 
indicated one or two more, smaller flares on other 
Hyades stars (Zolcinski et al. 1983, in preparation). 

IV. COMPARISON WITH SOLAR FLARES AND FLARE 
MODELS 

Is this Hyades flare fundamentally similar to solar 
flares, or is it a completely different phenomenon? Ex- 
cept for the large soft X-ray luminosity, the general 
features of the evolution resemble the decay phase of 
solar soft X-ray bursts, which are characterized by an 
initially rapid cooling phase, followed by a long-lived 
tail to the emission with a time scale, at least for very 
large solar flares, of several hours (Moore et al. 1980). 
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Assuming that the flare on HD 27130 is solar-like, we 
can infer the values of the basic flare parameters such as 
temperature, density, size scale, and magnetic field 
strength. From a detailed study of eight well-observed 
solar flares, it appears that the X-ray decay time near 
the time of flare maximum is characterized by the 
relation (Moore et al 1980) t ~ rr ~ tc, where r is 
the observed temperature decay time, and rr and tc are 
the cooling time scales by radiation (rr~ 3kT/NeA) 
and conduction (rc ~ 3kNeL

2/\0~6T5/2), respectively, 
inferred from observation of the flare temperature, T7, 
density, Ne, and size, L. The radiative loss coefficient, 
A, is that for optically thin plasma. In any particular 
flare, processes such as cooling by mass motion may 
dominate, which would tend to invalidate the result of 
Moore et al. ; however, it does appear to be valid for all 
the solar flares they studied. Using this result and the 
values 1054 cm-3 and 1034 s observed for the emission 
measure and the decay time, respectively, we deduce a 
flare temperature, T = 107 7 K, a density, Ne= 10116 

cm-3, and a size, L = 10102 cm, assuming a volume for 
the emitting region of ~ L3. This value for T is con- 
sistent with that determined from the MPC data (io7 5-8 0 

K), which tends to support the assumption that the flare 
is solar-like. 

The main difference between this Hyades flare and 
solar flares seems to be in the length scale. Compact 
solar flares can have as high, or higher, temperatures 
and densities, but only over much smaller regions. Al- 
though large two-ribbon flares often extend to heights of 
1010 cm or more, the size scale of the soft X-ray emitting 
region during flare maximum is much smaller. This 
point is emphasized in Table 2, where we have listed the 
observed characteristics of solar and stellar flares for 
comparison with HD 27130. Note that the size deduced 
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above is only that at soft X-ray maximum, and hence is 
a lower limit to the maximum extent of the flare. A large 
two-ribbon solar flare can exhibit a late decay phase 
with size scales an order of magnitude larger than those 
at X-ray maximum. There is evidence for a late decay 
phase in our data, Figure 1. Thus, the maximum extent 
of the flare on HD 27130 may be > 1011 cm. 

The large size that we propose for the flare may at 
first seem unlikely because it implies that the flare 
covers a significant fraction of the total stellar surface, 
> 10%. However, we beheve that this result is to be 
expected. The maximum area of a flare clearly is limited 
by the area of the active region in which it occurs. In the 
case of the Sun, an individual active region occupies a 
very small fraction of the solar surface, but there is now 
evidence that the fraction of stellar surface covered by 
active regions is much larger for young rapid rotators 
such as the Hyades stars. Observations of chromo- 
spheric Ca ii emission (Vaughan et al 1981) and our 
previous soft X-ray and UV observations (Stern et al 
1981; Zolcinski et al 1983) indicate that the stellar 
surface of such stars may be completely covered by 
active regions. If this is the case, then it is not surprising 
that the area of a large flare on HD 27130 would 
approach the total stellar surface area. 

Pursuing the solar analogy further, it is possible to 
obtain a lower limit on the magnetic field strength. 
Assuming that magnetic field annihilation is the flare 
energy source, we must have that £2/87t > P, where P 
is the pressure of the soft X-ray emitting plasma. For 
the values of Ne and T derived above, we obtain that 
P = 1028 ergs cm-3 and P > 150 gauss. Again, this 
value is not unusual for solar flares but only over a 
much smaller volume. It thus appears unnecessary to 
postulate regions of extremely high (> 10 kilogauss) 

STERN, UNDERWOOD, AND ANTIOCHOS 

TABLE 2 
Solar and Stellar Flare Thermal X-Ray Plasma Properties 

Log of Suna b,c Flare Starsc'd,e f HD 27130 Pre-Main-Sequenceg,h RS CVn1^ 

Trise(s)k   2-3 2-3 <3.3 2.4g < 4 
Tdecay(s)k   3-4 2-3 3.4 ~ 3h - 4 
Lx (peak, 

ergs s-1)  < 27-28 27-31 > 31 30-34 31-331 

Ex 
(total,ergs) ... < 30-31 31-33 >34.5 < 34-36 35-381 

rmax(K)  1.0-1.5 7.1-7.6 7.5-8.0 7.0-7.3 > 7.5?1 

EM(cm“3)  < 50 51-54 > 53.5-54 53-55 55-561 

A^cnT3)  10.5-12 U-11.6m U.6m 10-11.5m 

K(cm3)   25-28 27-28m 30.6m 30-33m 

aSturrock 1980. 
bPallavicini, Serio, and Vaiana 1977. 
cKahn et al. 1979. 
dHaisch et al. 1981. 
eHaisch et al 1983. 
'Kahler et al. 1982. 
gFeigelson and de Campli 1981. 

hMontmerle et al. 1983. 
‘Pye and McHardy 1980. 
J White, Sanford, and Weiler 1978. 
kThe e-folding decay times are given. 
'Value for the 2-10 keV band; all others are ~ 0.2-10 keV. 
111 Model-dependent value is given. 
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field strengths for the site of stellar flare energy release 
as suggested by, e.g., Mullan (19766). A crucial test of 
the solar model, which requires large energy storage 
volumes, would be observation in X-rays of the rise time 
for a large stellar flare. In the solar model, a strict lower 
limit for this time scale is L/VA, where VA is the Alfvén 
velocity in the preflare corona. Assuming a preflare 
coronal density of 10105 cm-3 yields a rise time > 102 s 
for the flare in HD 27130, similar to solar values and 
well within our observational constraints. 

In summary, we conclude that the X-ray flare on HD 
27130, even though orders of magnitude larger than 
observed solar flares, can be understood using solar-like 
flare models, but with much larger size scales than for 
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typical solar flares. Clearly, more observations of stellar 
flares are required to test this hypothesis. Such observa- 
tions are likely to yield significant new insights into 
solar flares as well. 
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of the Einstein Observatory in obtaining and reducing 
these observations; and, in particular, we would like to 
thank F. Seward, R. Hamden, D. Fabricant, J. Halpem, 
E. Schreier, and D. Williams. This work has been per- 
formed at the Jet Propulsion Laboratory, California 
Institute of Technology, under NASA contract NAS 
7-100. S. K. A. was supported by NASA contracts NGR 
05-020-668 and NGL 05-020-272. 
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