
1

A bright and hot flare from the dMe star V988 Ori
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We observed the L1641 star-forming region in the Orion A giant molecular cloud
(d=480 pc) with XMM-Newton for 48 ks. A bright X-ray flare was detected from V988
Ori, which is likely a foreground (d∼55 pc) dMe star. The X-ray flux at the flare peak is
∼100 times larger than that in the pre-flare phase. The flare light curve shows three ris-
ing phases with τR1=2.3 ks, τR2=0.5 ks, and τR3=1.9 ks, followed by two decay phases with
τD1=2.5 ks and τD2=9.9 ks. We estimate the loop half-length at L=2.8 (1.2−4.3)×1010 cm
(0.40 (0.17−0.62) R⊙) by the decay time analysis method provided by Reale et al. (1997).
The flaring loop radius is estimated at 0.26 (0.11−0.39) R⊙, which is about the stellar radius,
0.24 R⊙ of a M4.5 ZAMS star. The peak of the temperature reaches 110 MK, which precedes
the peak of the emission measure. The time lag is a few 100 s, which is comparable to the
time in which the evaporation flow fills the closed magnetic loop.

§1. Introduction

L1641 is part of the giant molecular cloud Orion A located at d =480 pc, which
includes a large number of YSOs indicating extensive recent star formation. The
L1641 region has been observed with previous X-ray astronomical observatories:
Einstein (Strom et al. 1990; Gagné and Caillault 1994) and ROSAT (Pravdo and
Angelini 1995), and a lot of X-ray sources are known in this region. We observed
the L1641 molecular cloud with XMM-Newton for 48 ks.

§2. X-ray flare from V988 Ori

We found a bright X-ray flare from V988 Ori. V988 Ori is likely a dMe star,
not a pre-main sequence star because of its weak LiI line emission. The optical
and infrared spectral energy distribution of V988 Ori is well fit with that of M4.5
ZAMS stars. The X-ray emission from V988 Ori was detected previously with both
Einstein IPC (Strom et al. 1990; Gagné & Caillault 1994) and ROSAT HRI (Pravdo
& Angelini 1995). Figure 1 shows the background-subtracted X-ray right curve of
V988 Ori where MOS1, MOS2 and PN counts are summed to increase the statistics.

We divide the observation into 24 time intervals designated from t1 to t24 and
extract time-divided X-ray spectra of V988 Ori to investigate the X-ray spectral
change during the observation. We fit the PN X-ray spectra in the 24 time intervals
with thin thermal models (MEKAL) combined with absorption model. The X-ray
spectra in the time intervals from t1 to t7 are well fit with the single temperature
model. Since the absorption column density is too low to be determined from the
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spectral fit, we fix it to 1×1020 cm−2. We extract the X-ray spectrum in the time
interval t5-7 as the quiescent emission of V988 Ori. We fit this spectrum with
the two temperature model. The absorption column density is fixed to 1×1020

cm−2. For the X-ray spectra in the time intervals from t8 to t24, the large flare
phase, we fit the spectra with single temperature model with the quiescent emission
model determined from the t5-7 spectrum. The obtained temperatures and emission
measures are plotted in Figure 1. We find an interesting feature that the peak of the
temperature precedes that of the emission measure, in other words, the rise time of
the temperature is shorter than that of the emission measure. Such time lag between
the peaks of the temperature and emission measure has been observed in solar flares.
The time lag is a few 100 s, which is comparable to the time in which the evaporation
flow fills the closed magnetic loop.

Fig. 1. The left panel shows the light curve of V988 Ori in the 0.3-8.0 keV band and the time

evolution of temperature and emission measure, and the right panel shows the expanded views

around the bright X-ray flare. We use an adaptive binning for the light curve where the time

binsize is tuned to have 100 counts inside each time bin. The data for t1-t7 are the results of

the fit with sigle temperature model, while the data for t8-t24 are those with single temperature

model with the quiescent emission model.
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Fig. 2. The expanded views around the bright X-ray flare. The flare shows three rising phases

with τR1=2.3 ks, τR2=0.5 ks, and τR3=1.9 ks, followed by two decay phases with τD1=2.5 ks and

τD2=9.9 ks.

§3. Flare decay analysis and loop half-length

Reale et al. (1997) propose a method to estimate the size of spatially unresolved
solar and stellar coronal flaring regions from the X-ray light curve and time-resolved
temperature and emission measure values during the flare cooling phase taking into
account reheating process. We follow Reale et al. (1997) method to estimate the flare
loop half-length of the flare of V988 Ori detected during our observation. According
to the method of Reale et al. (1997), the loop half-length is expressed by:

L9 =
τLC

√
T7

120F (ζ)
, (3.1)

where L9 is the semicircular loop half-length in units of 109 cm, τLC is the decay time
of the observed light curve, T7 is the initial temperature at the top of the loop in units
of 107 K, and F (ζ) is a function of the slope ζ in the

√
EM − T diagram during the

decay phase. F (ζ) has been calibrated for XMM-Newton EPIC/PN spectral response
(Güdel et al. 2001). Fig. 3 shows

√
EM −T diagram during the bright flare of V988

Ori. We derive the loop half-length L= 2.8 (1.2−4.3) ×1010 cm (0.40 (0.17−0.62)
R⊙, i.e., 1.64 (0.70−2.51) R⋆). The semicircular loop height is then given by 2L/π =
0.26 (0.11−0.39) R⊙, i.e., 1.04 (0.45−1.60)R⋆ .
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Fig. 3.
√

EM − T diagram of the bright flare in the time interval from t8 to t24, where EM is

the emission measure and T is the temperature. The plotted values are used from the results

of the spectral fit using single temperature model with the abosorption model added with the

quiescent model. The arrors are ploteed for comparison purpose of the range of possible dzeta

(from 0.4 to 1.9). There is no link with the dashed/dotted lines which indicates the rising phases

and the second decay phase, respectively.

§4. Summary

We observed an active star-forming region L1641 in Orion A giant molecular
cloud with XMM-Newton for 48 ks. We extract X-ray light curves from X-ray
sources detected by XMM-Newton and find a bright flare from the dMe star V988
Ori. The flare light curve shows three rising phases with τR1=2.3 ks, τR2=0.5 ks,
and τR3=1.9 ks, followed by two decay phases with τD1=2.5 ks and τD2=9.9 ks. We
estimate the loop half-length at L=2.8 (1.2−4.3)×1010 cm (0.40 (0.17−0.62) R⊙) by
the decay time analysis method provided by Reale et al. (1997). The flaring loop
radius is estimated at 0.26 (0.11−0.39) R⊙, which is about the stellar radius, 0.24
R⊙ of a M4.5 ZAMS star.

References
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