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Abstract

High resolution echelle spectroscopic observations taken with the FEROS spectrograph at the ESO 2.2m telescope
confirm the binary nature of the dMe stars EUVE J0825-16.3 and EUVE J1501-43.6, previously reported by Christian
& Mathioudakis (2002). In these binary systems, emission of similar intensity from both components is detected in the
,, He I D;, Ca Il H & K, Ca Il IRT and Balmer lines. We have determined precise radial velocities by
cross—cort‘elatmn with radial velocity standard stars, which have allowed us to obtain for the first time the orbital
solution of these systems. Both binaries consist of two near-equal MOV components with an orbital period shorter
than 3 days. We have analyzed the behaviour of the chromospheric activity indicators (variability and possible flares).
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In addition, we have determined its rotational velocity and kinematics.

The spectroscopic observations (high resolution echelle spectra) of these stars were obtained
during one observing run from 18 to 22 February 2005 using the 2.2 m telescope at the
European Southern Observatory, ESO (La Silla, Chile). We have used the FEROS (Fiber-fed
Extended Range Optical Spectrograph) linked to the Cassegrain focus of the 2.2m telescope,
in unique fiber modus, with CCD (2048x4096, 0.15 um/pixel). This configuration give a
resolution of 48000 and a spectral range from 3500 to 9000 A from Ca II H & K (3933,
3968 A) to Ca IT IRT (8498, 8542, 8662 A) lines, in a total of 39 orders.

A total of 5 spectra of EUVE J0825-16.3 and 6 of EUVE J1501-43.6 has been taken during
the 5 nights of observations. Reference stars of similar spectral type and radial velocity
standard stars have also been observed with the same configuration.
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Fig. 1: CCF (Cross-Correlation Function) of the spectra b . < <
of EUVE J0825-16.3 with the spectrum of a radial s T P Fig. 2: High resolution spectra of EUVE

J0825-16.3 in the Ha line region during our five
nights of observations. Note the Ha. emission of
similar intensity coming from the two main

velocity standard star. Note the three peaks, that indicate |~ [l |
that there are three stars contributing to the observed | -
spectrum. The radial velocity derived for the tertiary
component (T) does not change during the 5 nights of components of the system: primary (P) and
observations and seems to be equal to that the centre of secondary (S). The tertiary (T) component (see
mass radial velocity of the primary (P) and secondary (S) | Fig. 1) is also detected in the photospheric
components (see the position of the CCF of Pand S the ion lines (see the zoom of the Cal 6439
nights 1 and 4 that are in conjunction). A line region in the left panel).

EUVE J1501-43.6

EUVE J1501-43.6 (RE J1501 -433), is an extreme ultraviolet and soft X-ray source detected during the all-sky
surveys of the Extreme Ultraviolet Explorer (EUVE) and ROSAT PSPC (Lampton et al. 1997, ApJS, 108, 545).
Recently, Christian & Mathioudakis (2002, AJ, 123, 2796) using two high resolution spectra identified it as a
double-lined spectroscopic binary (SB2) with both components of spectral type dM:e with strong Balmer
emission lines, rotational velocity vsini < 5 km s, and the lithium line (6708 A) with a EW < 20 mA. Although
these authors mentioned a possible period of approximately 1 day, they did not obtained the orbital solution.

Our spectra, taken during 5 nights, confirm the SB2 nature of this system. The near to conjunction spectra
obtained at night 1 and 4 (see Fig. 4) suggest a period of approximately 3 days, which is confirmed by the
orbital solution reported below. By comparison with several reference spectral type stars, we have obtained that
the spectral type of both components is between M2V and M3V.

Strong emission from both components is observed in the Call H & K lines, all the Balmer lines (see, for
instance, Ho in Fig. 4), the Call IRT lines, as well as the Nal D,, D,, and the Hel Dj lines (Fig. 5). The emission
lines of both components have similar intensity, but the secondary component has a slightly large intensity in all
the orbital phases. The Ha line of both components exhibits a central self-absorption (see Fig. 4).

Ho, Nal D, D,

EUVE J0825-16.3 is an extreme ultraviolet source detected during the all-sky surveys of the Extreme Ultraviolet
Explorer (EUVE) coinciding with the position of a soft X-ray source (1IRXS J082551.4-162244 ) detected by
ROSAT PSPC (Craig et al. 1997, AJ, 114, 244). Using low resolution spectroscopy, Craig et al. (1997) classified
this source as a dMOe with the Ca II H&K and Balmer lines in emission. Later, two high resolution spectra
reported by Christian & Mathioudakis (2002, AJ, 123, 2796) identified it as a double-lined spectroscopic binary
(SB2) with strong Balmer emission from both components, but they did not obtained the orbital solution. These
authors also determined a rotational velocity (vsini = 20 km s!) , and no detected the lithium line (6708 A). Our
spectra demonstrate that EUVE J0825-16.3 is a triple system. In addition to the double lines reported by Christian
& Mathioudakis (2002) we have identified the signatures of a third object contributing to the observed spectrum
(see Figs. 1 and 2). Probably, what we are observing is a visual binary (which is not resolved in the fiber of the
spectrograph) where the A component is the short period SB2 binary (primary (P) and secondary (S) components
observed in the spectra) and the B component is the dim tertiary component detected in the spectra with the same
radial velocity than the centre of mass of the SB2 system.

This two not resolved components could be the two components identified by the Hipparcos satellite (ESA 1997)
in the star BD-15 2429 (HIP 41322, NLTT 19515, PPM 715320) which have exactly the same coordinates that
our source. Hipparcos reported for these components (CCDM 08259-1623) an angular separation of 0.845"", a
position angle of 258°, and a magnitude difference of 2.37 mag, which are coherent with our observations.

Orbital Solution

Orbit of EUVE J0B25-16.3

Heliocentric radial velocities of the tree components of
EUVE J0825-16.3 have been determined by using the
cross-correlation technique. The spectra were cross-
correlated order by order, using the routine FXCOR in
IRAF, against spectra of radial velocity standards of
similar spectral types. The velocity is derived from the
position of the cross-correlation peak (see the CCF in
Fig. 1). Uncertainties in the derived velocities have been
estimated from the width of the cross-correlation peak
and the inter-order agreement in the derived velocities.
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Tabte 1: Orbital solution of EUVE J0825-16.3 534210° 53421107 5.3422x10]

Uncertainty Units

0.0011 days
0.0034 HID

Element Value

P 1.5105
To(peri) 2453418.5898
e 0.0 0.0

Ky 101.08 144 km st
K> 102.42 2.69 st
3 0.53 km st
1.0133 0.0224

100

q=M/M:

0.0300 10° km
0.0560 10° kn
0.0635 10% km 3

ay sing
ay sing
a seni

0.0315 Mo
0.0312 M,
0.0069374 Mo

M,y sin®i
My sin®i X
(M) 0.1616437
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Using these radial velocities we have determined the 02 % roee (170 08 i
orbital solution of the SB2 system (see Table 1 and Fig. Orbital Phose (Teqy;)
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Fig. 5: High resolution spectra of EUVE J1501-43.6 in
the region of the Nal D, D,, and the Hel D lines. Note
the clear emission from both components in these
chromospheric lines.

Fig. 4: High resolution spectra of EUVE J1501-43.6 in the Ha. line region during our 5
nights of observations. Note the SB2 nature of the system in the photospheric absorption
lines and in the chromospheric How emission line. The primary and secondary components
are marked with P and S respectively.

3). We have obtained a near circular orbit with an orbital Fjg_ 3: Heliocentric radial velocities determined by us vs. HID (upper panel) and vs. orbital phase

Orbital Solution |

Heli ic radial velocities of the two p of
EUVE J1501-43.6 have been determined by using the
cross-correlation technique. The spectra of EUVE
J1501-43.6 were cross-correlated order by order, using
the routine FXCOR in IRAF, against spectra of radial
velocity standards of similar spectral types. The
velocity is derived from the position of the cross-
correlation peak. Uncertainties in the derived
velocities have been estimated from the width of the
cross-correlation peak and the inter-order agreement in
the derived velocities.
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Table 2: Orbital solution of EUVE J1501-43.6

Element Value Uncertainty  Units HID - 2460000
r : 0.0046 days
To(peri) p 3.648 0.0087 HID T
2 / N 1
« 0.0 G \
Ky 66.56 0.10 km st
Ky 66.94 0.74 T st
9 5.8 0.20 km s~ o
q = M/M, 7 0.0093 O 1
ay sing 0.0185 10° K #
as sini 0.0332 10° km
a seni 5.9345 0.0380 106 km 2t /
g 0.03967 AU \ N
. v N
8.5266 E. — ~—
M, sin®i 0.3996 0.0082 M, o 0.2 04 06 08 1
M, sin®i 0.3973 0.0081 M o 4 1
(M) 0.0987687 0.0018756 M. €. } ' 7 ? ]
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orbital solution of EUVE J1501-43.6 (see Table 2 and <on .)
Fig. 6). We have obtained a near circular orbit with an

orbital period of 3.23 days. The resulting minimum

Fig. 6: Heliocentric radial velocities determined by us vs. HID (upper panel) and vs. orbital

period of 1.51 days. The resulting minimum masses
(Msin’i) = 0.66 M, and mass ratio q = 1 are compatible
with two near-equal components of spectral type very
similar to the derived from our spectra (K7V-MOV).

(lower panel). Our observations cover 3 orbital periods. Solid circles represent the primary (the
component with lower chromospheric emission in the SB2 system) and open circles the secondary
We have also plotted the radial velocity of the tertiary (blue solid circles), as it can be seen, its velocity
remains equal to that of the centre of mass of the SB2 system during the 5 days of observations. The
blue solid line s the obtained orbital solution.

masses (Msin*) =~ 0.39 M, and mass ratio q = 1 are
ible with two | M2-M3V

in agreement with the spectral types determined from

the observed spectra.

phase (lower panel). Our observations cover one and a half orbital period. Solid circles represent
the primary (the component with lower chromospheric emission) and open circles the secondary.
‘The blue solid line is the obtained orbital solution.
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