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Abstract

In this contribution we present high resolution echelle spectroscopic
observations taken during several observing runs (1998 - 2004) of the
recently discovered, X-ray/EUV selected, active binary 2RE J0933+624
(FF UMa). We have obtained precise radial velocities by cross
correlation with radial velocity standard stars for both components and
we have obtained an improved orbital solution. With this information
we derived other parameters and classified the system. Rotational
velocity (vsini) have been measured too, by using the cross-correlation
technique with the routine fxcor in IRAF. In addition, we have studied
the chromosphere of this active binary system using the information
provided for several optical spectroscopic features (from the Ca Il H &
K to Ca II IRT lines) that are formed at different heights in the
chromosphere. The chromospheric contribution in these lines has been
determined using the spectral subtraction technique, resulting a strong
Ho. emission above the continuum from both components in all the
spectra as well as the emission from Ca II IRT and Ca II H & K and
filled absorption lines in HB, H3 and Hy. This system shows a lithium
(Li I 26707.8) line from both components.4

Radial Velocities

Heliocentric radial velocities of  both components have been
determined by using the cross-correlation technique. The spectra of the
program stars 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 (Fig. 1). As secondary emission is clearly seen in the
spectra we have measured radial velocity for secondary using the
wavelength difference between primary and secondary emission lines
in order to get a better measured. In Table 1 we list the obtained
heliocentric radial velocities (V,,) and their associated errors (gy,) for
each spectrum.
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technique Montes et al. (1995; 1997;
1998). The synthesized spectrum was
constructed  using the  program
STARMOD developed at Penn State o M B
(Barden 1985). The profiles of the
Ho,, HB, Ca I H & K,Ca II IRT
(A8498, 1.8542) and Li I (46707.8)
lines are plotted in Figs. 3, 4, 5, 6 and
7. For each observation we have
plotted the observed spectrum (solid-
line) and the synthesized spectrum
(dashed-line) in the left panel and the
subtracted spectrum (dotted line) in the
right panel except for Li line where
only observed and synthesized
spectrum are plotted.
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Fig. 2:Fig. 2: Radial velocity data from FOCES 2004 run
and fit vs the orbital phase. Yellow solid circles represent the
primary component and orange open circles represent the
secondary component. The solid curves represent a minimum 2
fit orbit solution. In the lower panel observed minus calculated
data is plotted.

Table 1. Values of radial velocity, 9 from Jeffries et al. (1995), and 32 taken by us in
four observing runs. We give here Julian date, S/N of spectral in Ho and velocities of
primary and secondary component with its error.

Observations

The spectroscopic observations of this binary were obtained
during four observing runs along 6 years:

1) 12 to 21 January 1998 using the 2.1m Otto Struve
Telescope at McDonald Observatory Texas (USA) with the
Sandiford Cassegrain Echelle Spectrometer. During this
observing run, a 1200x400 pixel CCD detector was used. The
spectrograph setup was chosen to cover the Ho (6563 A) and
Ca II IRT (8498, 8542, 8662 A) lines. The wavelength range
covers from 6400 to 8800 A in 31 orders. The reciprocal
dispersion ranges from 0.06 to 0.08 A /pixel and the spectral
resolution, determined as the FWHM of the arccomparison
lines, ranges from 0.13 to 0.20 A. In one of the nights, we
changed the spectrograph setup to include the He I D3 (5876
A) and Na DI, D2 (5889.95, 5895.92 A), with wavelength
coverage of 5600-7000 A.

2) 22 to 24 January 2000 using the 9.2m Hobby-Eberly
Telescope (HET) at McDonald Observatory Texas (USA),
with the medium resolution spectrograph UFOE (Upgraded
Fiber Optic Echelle). A 1200x400 pixel CCD detector was
used.The wavelength range covers from 4400-9150 A in 26
orders. The reciprocal dispersion ranges from 0.06 to 0.17 A
/pixel and the spectral resolution (FWHM) from 0.14 to 0.42
A.

HET

3) 22 to 25 April 2002 using the 2.2m Telescope at the
German Spanish Astronomical Observatory (CAHA) in
Almeria (Spain), with the Fibre Optics Cassegrain Echelle
Spectrometer (FOCES) (Pfeiffer et al. 1998). During this
observing run, a 2048x2048 pixel 150p Site#1d15 CCD
detector was used. The spectrograph set up was chosen to
cover the Ha (6563 A) and Ca II IRT (8498, 8542, 8662 A)
lines. The wavelength range covers from 6020 to 10680 A in
42 orders. The reciprocal dispersion ranges from 0.07 to 0.13
A /pixel and the spectral resolution, determined as the FWHM
of the arc comparison lines, ranges from 0.08 to 0.35 A.

4) 29 March to 7 April 2004 using again the 2.2m
Telescope at CAHA with the Site#1d15 CCD detector.
The spectrograph set up was chosen to cover the Ca H & K
(3933 and 3962 A), Ha (6563 A) and Ca I IRT (8498, 8542,
8662 A) lines. The wavelength range covers from 3720 to
10850 A in 100 orders. The reciprocal dispersion ranges from
0.04 to 0.13 A /pixel and the spectral resolution, determined as
the FWHM of the arc comparison lines, ranges from 0.08 to
0.35 A.

Fig. 3: Ho (MacDonal 1998 and FOCES 2004) ‘
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Fig. 5: Call IRT
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Conclusions

2RE J0933+624 (FF UMa) is an X-ray/EUV source identified as a double-
lined spectroscopic binary by Jeffries et al. (1995) and Henry et al. (1995).
The system consists of two rapidly rotating stars (vsini = 35 km/s)
classified as G5 by Jeffries et al. (1995) and as KO by Henry et al. (2000).
Both authors noted that the primary should be a subgiant, while the
secondary is still on the main sequence in agreement with relative
contribution of the photospheric lines in our spectra.

We have found that the best fitting for spectral subtraction be using a KIV
primary component with a 70% of contribution to continuum and a KOV
secondary with the 30%.

Jeffries et al. (1995) give a preliminary orbit for this system with a
eccentricity e=0.18 and an orbital period of 3.28 days similar to the
photometric period reported by Henry et al. (2000) indicating nearly
synchronous rotation. The radial velocities determined by us in FOCES
2004 observing run (Table 1) also indicate a eccentric orbit with ¢ ~ 0.08
and an orbital period of 3.2658 days.

From the orbit solution parameters (Table 2) (q=2.1285) we can deduce,
assuming that secondary component is a KOV, that the mass of the
primary is around 1.58 solar masses, in concordance with a K sut

Fig. 4: Call IRT and Ca Il H&K (FOCES 2004)]
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primary component.

Both components exhibit Ho emission above the continuum (Fig. 3) in
all our spectra. The strongest emission correspond to the secondary
component, which also show very broad wings. The excess emission of
this component has been fitted using a three Gaussians fit, one for primary
component and two (a narrow and wide component) for secondary. The
last one show how the wide component move left and right respect narrow
one indicating changes in the microflaring activity.

Emission in the Ca II IRT lines superimposed to the corresponding
absorption lines (Fig. 2 and 5), are also detected from both components ,
as well as in the Ca II H & K lines (Fig. 3) and the filling-in of the rest
Balmer lines (see Hp in Fig. 6).
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Fig. 7: LiI (FOCES 2004)
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We also can see the absorption of Ps
Li (16707.8) from both component
in (Fig. 7). The EW measured in
the observed spectrum is 58 mA for
the primary component and 65 mA
for the secondary.
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