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Abstract We have investigated the physics of flares in M-dwarfs by reeain

optical/X-ray observations and modeling. The great efficieof current optical

spectrographs and detectors has allowed us to detect ahdamagreat number
of non white-light flares with intermediate spectral resian and high temporal

resolution. Although this kind of flares is the most typical the Sun, few such
events have been so far recorded on stars. We have obtaieguhyisical param-

eters of the chromospheric flaring plasma (electron temperaelectron density,
optical depth and temperature of the underlying source)dygua model that min-

imizes the difference between the observed Balmer decrsnasl the calculated
ones, which result from solving the radiative transfer i On the other hand,
the great sensitivity, wide energy range, high energy teg&woi and continuous time
coverage of the EPIC detectors (on-board the XMM-Newtoelkia) have enabled
us to study both the effect of weak flares on the corona of@astiars and the spatial
properties of coronal flaring loops. The results are coasiswith interpreting stel-

lar flares as scaled-up versions of solar flares and showptestividence for flares
being an important heating agent of the outer atmosphegilastayers.
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1 Introduction

Stellar flares usually affect plasma at very different h&dgh a star's atmosphere.
While X-ray observations are needed to study coronal ptaseof flares, optical
and ultraviolet ranges are used to investigate their effecthromospheres. In this
work we analyse optical and X-ray observations to deepeménkinowledge of
activity and flaring plasmas throughout the atmosphere @i fs.

2 Optical studies

2.1 Characterizing the chromospheric activity of M-dwarfs

We analysed the late Ke- and Me-dwarfs (a total of 10 objeacts)ded in our high-
resolution spectroscopic survey of 144 late-type starsdfsal types from F to M,
see [5]) classified as possible members of young stellankatie groups [6]. In this
section, we summarize the obtained results. Some figurefuather details about
this work can be found at [1].

Despite the unknown inclination of the rotation axis for aknall the stars in the
survey, flare M-dwarfs seem to follow the well-known agehatt-rotation rela-
tionship when they are observed in the Ca 85424 line, while their Hor emission
appears to be independent of the rotational velocity.

Clear relationships are also observed between the chrdmdsgflux of differ-
ent emission lines. Although the flare M-dwarfs generallijofe the tendencies
observed for the rest of stars in the spectroscopic survigrent results are found
for the relationships between the Balmer series and Cadsliithe flare M-dwarfs
show an excess in the chromospheric emission of the Balmes livhen they are
compared to the rest of stars with equal chromospheric émnigs the Ca Il lines.
We suggest that these differences are due to microflarirgtsctlthough further
investigations are still needed.

At present, we are testing these results and improving titeisical interpreta-
tion by using a larger sample of late Ke- and Me-dwarfs.

2.2 Time analysis of flares detected on the chromosphere of
M-dwarfs

We carried out a high temporal resolution spectroscopicitadng of the flare star
AD Leo (M3Ve). During 4 nights, more than 450 optical speetexre taken using
the Isaac Newton Telescope (INT), the Intermediate DispeiSpectrograph (IDS)
and the R1200B grating. A large number of short and weak flaies detected
(frequency> 0.7 flares/hour). This is consistent with a scenario in whiahes
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are a very important heating agent of stellar coronae. Thedeur of different
chromospheric lines (Balmer series fromaHo Hi; and Cail H & K lines) was
studied in detail. The detected flares are non white-lighedalt is interesting to
note that, although most solar flares are of this kind, very $eich events were
previously observed in stars.

We estimated the physical parameters of the flaring plasmectren tempera-
ture (Te), electron densityNg), optical depth in the Ly line (1.y4) and temperature
of the underlying sourcel(;s) — by using the procedure developed by Jevremovic et
al. [4]. This method minimizes the difference between theested Balmer decre-
ments and the calculated ones, which result from solvingatimtive transfer equa-
tion. The obtained physical parametéi = (6 — 20)x 10*3cm=3; T, = (12 — 24)

x 10° K; Tys = (8 — 13.5)x 10° K ] are consistent with previous values derived for
stellar flares. In particular, the flaring area (less tha®¥®2@ the stellar surface) is
comparable with the size inferred for other solar and stélees.

From the relationships observed between the physical peteasand the surface,
duration, maximum flux and energy released during the deddtares, we inferred
that:

e The flare duration could be related to the loop length, as nays.

e The temperature of the underlying source could be relatatigadepth of the
layer reached by the accelerated particles.

e Larger released energies may imply larger depths, but no¢ssarily a higher
temperature of the underlying source.

We encourage the reader to see figures and further detailg #twowork given
in this section at [2].

3 X-ray studies: time analysis of flares detected on the cor@nof
M-dwarfs

We performed time-resolved X-ray spectroscopy of two flasesker than those
typically analysed. These flares were observed on the vemeaBY Dra-type bi-
nary star CC Eri (K7.5Ve + M3.5Ve&?,, ~ 1.56 days) using the EPIC-PN CCD
camera, on-board the XMM-Newton satellite.

The analysed flares lasted 3.4 and 7.1 ks, with flux increases of factors
1.5-1.9. Spectral analysis shows that all the regions inlighe curve, includ-
ing the flare segments, are well-described byfa-2APEC' model ¢/Z., = 0.3+
0.1) with variable emission measures but, surprisinglpstant temperatures (val-
ues of 3, 10 and 22 MK). This result resembles that found byeRetaal. [8] when
analysing the Sun as an X-ray flaring star. They obtalBBtT) distributions with
variable height, but invariably peaked and centred arolnedsame temperature,
independently of the flare phase.

1 APEC: Astrophysical Plasma Emission Code
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We have inferred the size of the flaring loops by using Eq. & (88, which has
into account the effect of possible heating during the decay

_ DV Tmax (l)
T 37x10°9F (&)’

whereL is the loop half-length (cm)p the e-folding decay time (sTmax the loop
maximum temperature (K), arfé(§) a non-dimensional factor (larger than one)
which accounts for the effect of possible heating duringdéeay. The slope in the
density-temperature diagrar@)(found for the decay of the detected flares (0418
0.27 and 0.45- 0.08) indicates the presence of significant heating duhirsgthase
for both events. Both flares occurred in arcades made of agfesvdf similar coronal
loops withL ~ 7 x 10 and 14x 10° cm, respectively. These flaring loops are much
smaller than the distance between the stellar surfaceg ibittary system, and even
smaller than the radius of each one of the stars f011/R. < 0.4). The obtained
results are consistent with the following ideas:

e The whole X-ray light curve of CC Eri could be the result of gsrposition of
multiple low-energy flares.
e Stellar flares can be scaled-up versions of solar flares.

For further details about the work summarized in this segtiee [3].
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