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Abstract:

We present the preliminary results of an analysis of HST GHRS rapid read-
out spectra covering the region 1380A - 1670A for two active dwarfs of approx-
imately Pleiades age: HD 129333 (GOV, P, =~ 2.8 days) and LQ Hya (K2V,
Pt =~ 1.6 days). Both were observed for >4 orbits at 1 second time resolution
(total exposure time > 13,000 s each). The time series of the transition region
(TR) fluxes (the sum of C 1v + Si 1v) shows many low-level flares in both stars,
making the quiescent level somewhat difficult to identify. We assume that TR
heating in the stars is a combination of a steady background (due to e.g., MHD
wave heating) plus superimposed flares. The distribution of TR photons per unit
time, N(nrr), should thus have a component at the low counts which can be fit
by a Poisson function. The best-fit Poisson to the low count end of N(nrg) then
defines the the average background TR heating rate (from the Poisson mean),
and an upper limit to the total steady heating unaffected by flares (from the
Poisson amplitude). Our analysis suggests that at least 8% of TR flux of HD
129333 and 11% of TR flux of LQ Hya arose from flares during our observations.
We also discuss the flare rates as a function of energy. This represents the first
detailed information on flare heating rates for active G and K dwarfs.

1. Introduction

Flares on late K and M stars are much studied, but little is known about flare
energies or rates for G and early K stars. This is largely due to a contrast effect;
at optical wavelengths (where most of the work has been done) the signatures
of flares difficult to distinguish against the bright continuua of G and K stars,
except in rare cases (e.g., Montes et al. 1998). In the UV and X-rays, where
flares are more obvious, instruments have generally been sensitive enough to see
only the top of the flare distribution (e.g., 7' UMa; Landini et al. 1986).

Flares are proposed to be an important contributor to coronal heating in
active G and K stars (e.g., Glidel et al. 1997a), in particular of the higher tem-
perature plasma (Schrijver et al. 1995; Giidel 1997). To explore the significance
of flares to atmospheric heating in G and K stars, we have studied four active
stars with HST at high time resolution. We report here on initial results for two
of the stars.
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2. Observations and Reduction

Two very active targets were selected: HD 129333 (EK Dra), a GO dwarf in the
Pleiades moving group (age ~ 0.07 Gyr) and a rotational period of P,y = 2.75
days (e.g., Gldel et al. 1997b); and LQ Hya (HD 82558) a K2 dwarf of similar
age and Pt = 1.6 days (e.g., Strassmeier et al. 1993). Both were observed with
GHRS G140L in rapid readout mode (1 s resolution); HD 129333 for 4 orbits
(19600 s exposure time on UT 16 Feb 1996; the star is in the continuous viewing
zone) and LQ Hya for 5 orbits (13220 s exposure time over a 430 min interval on
UT 7 Nov 1995). This amounts to a rotational phase interval of A¢ = 0.08 for
HD 129333 and A¢ = 0.18 for LQ Hya. While this represents a non-negligible
fraction of P, we detect little evidence for significant variation in the quiescent
flux on these timescales.

The data were processed and analyzed with standard HST software and
special purpose software written in IDL. After examining the time averaged
spectra for each orbit, we identified integration windows for lines of interest and
summed the counts in each window for each 1 second timestep. Here, we focus
on transition region (TR) emission - specifically, the time series of the total Si
IV (Ttorm ~ 80,000 K) and C 1v (Tiopm ~ 10° K) counts, nTr, for three time
binnings (5, 10 and 30 s; Fig. 1).
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Figure 1.  Counts per N seconds (N=5 and 30) in TR lines (C 1v
+ Si 1v), ntr (gray), versus time for HD 129333 (left) and LQ Hya
(right). The mean counts p of the estimated quiescent component
(derived from a Poisson fit; see text and later figures) and 4/t levels
are indicated (solid and dashed horizontal lines, respectively).
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3. Analysis and Results

We made the simplifying assumption that there are only two processes respon-
sible for the TR line formation:

1. a quiescent process which is constant (or only slowly varying) in time (e.g.,
steady MHD wave heating), and

2. a stochastic, impulsive, highly time variable process (i.e., flares and mi-
croflares)

With this assumption, the quiescent component can be modeled as a Poisson dis-
tribution of photon counts about some constant mean, u. The flare component
is then any excess over this. In the limit that there are no flares contributing
to nTr at low count levels, we can fit the lower energy bins of the photon count
distribution N (ntr) with a Poisson function. By varying the Poisson mean and
amplitude to find the best fit, we derive an upper limit on the portion of quiescent
component completely unaffected by flares (Fig. 2, dashed). Subtraction of the
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Figure 2.  Distribution of TR counts N(nrgr) versus ntr for HD

129333 (left) and LQ Hya (right) with 5 s binning (solid), plus a Pois-
son fit to the low npg part of the distribution (dotted), and the residual
(thick solid). The Poisson mean p (heavy vertical line) and p + /i
(dashed vertical line) used to define the minimum flare level, are also
shown. The Poisson fit represents the maximum quiescent compo-
nent undisturbed by flares. If there were no flares at all, the area
of the Poisson would = X N(nrg). The difference between the ob-
served N (nrgr) and the flux implied by this scaled “quiescent” Poisson
is then a measure of the minimum total flare flux Ey. For HD 129333,
E/Eiota1 >8.0%, for LQ Hya, Ef/Eiga >10.7%.

Poisson distribution from the total generates an estimate of the minimum distri-
bution of photons arriving in time intervals with flares (Fig. 2, thick solid). The
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same “quiescent” distribution, scaled in amplitude so that its integral matches
the total number of time samples, yields an estimate of the what the star would
look like with no flares, which is effectively an upper limit to the total quiescent
component. The difference between the observed total TR flux, and the TR flux
implied by this maximum “all quiet” distribution, produces a lower limit to the
flare contribution to the total TR flux. For HD 129333, the difference between
these two distributions implies that the fraction of TR energy in flares is at least
E;/Eioia >8.0%; for LQ Hya, the value is Ey/Eiqia >10.7%.

The “quiescent Poisson fitting” technique we employ is actually somewhat
involved, since it is not immediately clear how many bins at the low end of
N(ntr) should be fit for a Poisson of given p. To determine an optimal fit,
we searched for the highest signal-to-noise of the Poisson fit. In practice, this
meant we found the optimum Poisson amplitude to fit the lower end N (ng) for
a given p and fit interval, with the fit diagnostic being a minimum in the ratio
of the weighted fit RMS to the total number of time intervals fit. An example
of a contour map of fit RMS/total intervals shows the optimum solution for LQ
Hya at 5 s time binning (Fig. 3) - the resulting fit is in Fig. 2 (right panel).
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Figure 3.  Contour plots of og¢ /N (nTRr), the S/N of the Poisson fit, as
a function of the Poisson mean p, and the interval over which N(nTg)
is fit. The minimum (*) implies the best-fit © = 28 (indicated by
the horizontal solid line in Fig. 1-right, and the vertical solid line in
Fig. 2-right). This p, combined with the amplitude generated by the
fit, defines the “quiescent Poisson” shown in Fig. 2-right (dotted).

While the above analysis yields an estimate of the minimum flare (and
microflare) contribution to the total flux, since it deals with distributions, it
does not say anything about individual flares themselves. To study these, for
this preliminary analysis we use the optimum p values determined from the
Poisson fits, and define flares as being all time intervals with TR counts above
p++/1t (Fig. 1; upper dashed lines). Though simplistic, and inevitably leading to
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some contamination (at low flare energies Ey) by the upper end of the quiescent
distribution, it is at least a statistically robust definition.

Using our simple flare definition, we computed flare durations, At (time
above p + /i) and total energies E; (in counts) for all flare events. Study
of flare energy distributions, N(E;) (Fig. 4) allow us to compare easily with
previous results. If we discount N(E¢) at low E¢ (due to contamination by the
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Figure 4.  Distribution of TR flare energies N(Ey) versus E; (in
counts) for LQ Hya (solid histogram) and HD 129333 (dotted his-
togram) with 5 s binning; E; are determined by integrating counts
above p + /p for a given event. Power law fits (for the interval indi-
cated by the line length) are also shown: N(Ey) E]TM for LQ Hya

(dashed line) and N(Ey) EJTI‘5 for HD 129333 (solid line).

quiescent component and noise) and at very high F; (due to poor statistics) and
just fit the middle range of the distributions, we find

N(Ey) oc By 1001 (HD 129333; 5, 10, & 30s binning intervals)
and

N(Ey) Ef_l‘ojco'1 (LQ Hya; 5, 10, & 30s binning intervals)
In general the fits to the 30 s binning N(Ef) were rather poor, due to poor
statistics on numbers of flares.

If we study E as a function of flare duration At (weighting by E to reduce
the effects of small noise spikes) we find (Fig. 5):

E; oc AglA201 (HD 129333 & LQ Hya; 5, 10, 30s bins)

4. Discussion

It is perhaps not surprising that > 10% of the TR flux from active G and K stars
arises from flares. As noted in the introduction, flares are believed responsible
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Figure 5. TR flare energy E (defined as in Fig. 4) versus duration
At for HD 129333 with 30 s binning; a fit (weighted by Ey) yields

E; oc Atl* (dashed).

for the ubiquitous hot component of the coronal plasma in active stars which
provides a substantial fraction of the total coronal emission measure. Our results
lend direct support for this hypothesis.

Shimizu (1995) found N(E;) EJ?L‘F’ to E]?LG for transient events in the
Yohkoh solar soft X-ray data. Similarly, Crosby et al. (1993) derived N(Ey)
Ef_l'5 for solar hard X-rays from SMM. A recent model of a turbulently driven
2-D loops predict a similar dependence (Dmitruk & Gomez 1997). These are
remarkably similar to our result for HD 129333 (Fig. 4), which has been used as a
proxy for the young Sun (Giidel et al. 1997a). HD 129333 thus has a flare energy
distribution similar to the Sun, but uniformly scaled in number up at all E;.
The results for LQ Hya imply a larger contribution from higher F; flares (Fig. 4)
than is seen on the Sun or HD 129333. The correlation between total £y and
flare duration is shallower than predicted by loop (Ef o At?; Dmitruk & Gomez
1997) or avalanche (Ef oc At!®; Lu et al. 1993) flare models. Observationally,
the data shown in Lu et al. (1993; their Fig. 7) suggest E; oc At™? (Lee et
al. 1993 derive Ef a0 At!7 from the same dataset, where Efmaz 15 the
peak flare rate). Thus our result, E; oc Ath* (Fig. 5) is consistent with solar
observations and slightly shallower than theoretical models. Interestingly, here
the same law holds for both the G and the K star.
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