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Abstract. High resolution spectroscopic observations of UX Ari made during three observing seasons in 2000 have
been analyzed by means of the spectral subtraction technique. The information about chromospheric activity of
UX Ari has been obtained from several optical chromospheric activity indicators such as the Hei D3, Nai D1,
D2, Hα, and Caii IRT lines. The results suggest the chromospheric activity of the system is associated with the
cooler secondary. An orbital phase modulation of chromospheric emissions is found, and consequently the activity
longitude area of the system is obtained, that corresponds to the phase interval near the second quadrature of the
binary system. A flare-like event is detected during our new observations, characterized by the dramatic increase
in the Hα and Caii IRT emission lines, that is confirmed by the emission of the Hei D3 line and the filled-in cores
of the Nai D1, D2 lines. It is found that the values of the EW8542/EW8498 ratio decrease when the activity of the
system increases, especially when the flare occurs. The small values of the EW8542/EW8498 ratio indicate that the
Caii IRT emissions come from plage-like regions. The high activity level of UX Ari around the quadrature may
originate with the coupling between the chromospheric activity of the secondary and the mass transfer activity
of the two components.
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1. Introduction

UX Ari is one of the most active RS CVn binaries that
always show Hα emission above continuum. It is a non-
eclipsing double-lined spectroscopic binary with spectral
type G5V/K0IV (Carlos & Popper 1971) and orbital pe-
riod 6.d4378553 (Duemmler & Aarum 2001). The observa-
tions of several chromospheric activity indicators (Frasca
& Catalano 1994; Huenemoerder et al. 1989; Montes et al.
1995; Montes et al. 1996; Montes et al. 2000; Nations &
Ramsey 1986) have demonstrated that the chromospheric
activity of UX Ari is very strong in the group of RS CVn
binaries and the chromospheric activity of this system is
associated with the cooler secondary component.

Recently, the spectral subtraction technique has been
used widely for chromospherically active binaries in sev-
eral lines Caii H&K, Mgib, Hei D3, Nai D1, D2, Hα, Hβ ,
Caii IRT (Gunn & Doyle 1997; Gunn et al. 1997; Lázaro &
Arévalo 1997; Montes et al. 1997; Montes et al. 2000 etc.).
By using this method, more and more information about
chromospheric activity on stars has become known. This
is very important for us to well understand the behaviour
of chromospherically active binaries.
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Here new spectroscopic observations of UX Ari are an-
alyzed by using the spectral subtraction technique, and
the excess emissions in several chromospheric activity in-
dicators are determined. Based on these observations and
analyses, some results are derived for the chromospheric
activity of UX Ari. In Sect. 2, we give details about our ob-
servations and data reduction. In Sect. 3, we describe the
procedure of spectral analysis. In Sect. 4, the behaviours
of different chromospheric activity indicators are reported.
Finally, the discussion and conclusions are given in Sect. 5.

2. Observation and data reduction

The spectroscopic observations of UX Ari were carried out
with the 2.16 m telescope at the Xinglong station of the
National Astronomical Observatories, China during three
observing seasons: February 19–24, September 15–17, and
November 11 2000. The Coude echelle spectrograph with
a spectral resolution about 34 000 and a 1024×1024 pixel
CCD detector was used during the observations. The re-
ciprocal dispersions are 0.082 Å/pixel for the Hei D3

and Nai D1, D2 line spectral region, 0.091 Å/pixel for
the Hα line spectral region, 0.119 Å/pixel for the Caii

IRT (8498.06 Å, 8542.14 Å) line spectral region, and
0.120 Å/pixel for the Caii IRT (8662.17 Å) line spectral re-
gion. Correspondingly, the spectral resolution determined
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Table 1. The observational log of UX Ari.

Date UT Phase Exposure time (s)

2000.02.19 13:10:06 0.132 1200
2000.02.19 13:32:19 0.135 1200
2000.02.20 14:13:40 0.295 1200
2000.02.20 14:34:50 0.297 1200
2000.02.21 14:41:11 0.453 3600
2000.02.22 13:20:54 0.600 1200
2000.02.22 13:41:31 0.602 1200
2000.02.23 13:21:30 0.755 1800
2000.02.23 13:52:19 0.758 1800
2000.02.24 13:07:26 0.909 1200
2000.02.24 13:28:20 0.911 1200
2000.09.15 19:23:13 0.625 1800
2000.09.16 17:28:18 0.781 1800
2000.09.17 17:32:30 0.933 1800
2000.11.11 17:01:55 0.492 1200

as the FWHM of the arc comparison lines is 0.151, 0.167,
0.212, 0.215 Å, respectively. The signal to noise ratio
(S/N) is more than 100 for all observations. The observing
log is listed in Table 1. For each observation, the observing
date, UT, orbital phase, and exposure time are given.

The spectral images are reduced by means of the IRAF
package. The standard procedures are used, which include
image trimming, bias subtraction, flat-field division, and
1-D spectrum extraction. The wavelength calibration was
obtained by taking the spectrum of a Th-Ar lamp. Finally,
all spectra have been normalized by a spline3 fitting to the
continuum of the observed spectra.

On some nights of our observing seasons when the tel-
luric lines were heavy, two rapidly rotating early-type stars
HR8858 (B5V, v sin i = 332 km s−1) and HR7894 (B5IV,
v sin i = 330 km s−1) were observed. Their observed spec-
tra are fitted by using high order spline3 function to derive
the telluric line templates. The telluric lines in the spec-
tra of UX Ari are removed by means of these templates.
Figure 1 shows examples of such a procedure in different
spectral regions.

3. Spectral analysis

The normalized spectra of UX Ari are analyzed us-
ing the spectral subtraction technique described in de-
tail by Barden (1985) and Montes et al. (1995). In this
method, the synthesized spectrum is constructed from
artificially rotationally broadened, radial-velocity shifted,
and weighted spectra of two inactive stars with the same
spectral-type and luminosity class as the two components
of the active star. For our situation, the synthesized spec-
trum is constructed by means of the program STARMOD
(Barden 1985); the two inactive stars HR 3309 (G5V) and
HR 3351 (K0IV) observed in the same campaign are used
as reference stars.

In the course of the analysis, the v sin i values
(7.5/39 km s−1) of the two components of UX Ari were

Fig. 1. The illustrations for removing telluric lines from the
observed spectra in Hei D3, Nai D1, D2, Hα, and Caii IRT
wavelength bands.

taken from Duemmler & Aarum (2001), the intensity
weight for each of the two components was obtained from
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Table 2. The measurements for the excess emissions of the Hα and Caii IRT lines.

Phase FWHM (Å) EW (Å) Ic logFS (erg cm−2 s−1) EW8542/EW8498

Hα, Caii (8498,8542,8662) Hα, Caii (8498,8542,8662) Hα, Caii (8498,8542,8662) Hα, Caii (8498,8542,8662)

0.132 1.859 1.694 1.968 1.929 1.365 0.600 0.973 0.816 0.656 0.318 0.407 0.374 6.815 6.400 6.610 6.523 1.621

0.135 1.871 1.702 1.971 1.916 1.364 0.591 0.943 0.793 0.670 0.309 0.403 0.356 6.815 6.394 6.596 6.510 1.594

0.295 1.922 1.698 1.970 1.933 1.503 0.615 0.978 0.810 0.675 0.320 0.424 0.362 6.857 6.411 6.612 6.519 1.590

0.297 1.923 1.691 1.957 1.927 1.514 0.616 0.951 0.830 0.685 0.327 0.417 0.367 6.860 6.412 6.600 6.530 1.543

0.453 2.097 1.734 1.977 1.977 1.370 0.628 0.922 0.779 0.581 0.311 0.404 0.351 6.817 6.420 6.587 6.502 1.467

0.600 1.808 1.614 1.902 1.848 1.363 0.594 0.934 0.836 0.678 0.355 0.421 0.401 6.815 6.396 6.592 6.533 1.572

0.602 1.808 1.630 1.895 1.874 1.373 0.598 0.903 0.807 0.693 0.343 0.405 0.372 6.818 6.398 6.578 6.518 1.510

0.755 1.840 1.669 1.897 1.976 1.716 0.650 0.972 0.906 0.830 0.370 0.451 0.402 6.915 6.435 6.610 6.568 1.495

0.758 1.813 1.665 1.941 1.958 1.713 0.639 0.949 0.893 0.828 0.360 0.434 0.374 6.914 6.427 6.599 6.562 1.486

0.909 2.065 1.695 1.987 2.032 1.593 0.576 0.851 0.792 0.723 0.323 0.384 0.340 6.882 6.383 6.552 6.510 1.477

0.911 2.062 1.708 1.986 2.010 1.578 0.576 0.845 0.800 0.719 0.314 0.384 0.339 6.878 6.383 6.549 6.514 1.467

0.492 1.960 1.643 1.919 1.935 1.421 0.653 1.111 0.937 0.653 0.354 0.469 0.400 6.833 6.437 6.668 6.582 1.701

0.625 1.958 1.647 1.885 1.941 1.481 0.614 0.953 0.821 0.683 0.323 0.425 0.354 6.851 6.410 6.601 6.525 1.552

0.781 1.911 1.589 1.683 1.791 2.155 0.783 0.951 0.986 0.992 0.468 0.539 0.488 7.013 6.516 6.600 6.605 1.214

0.933 2.111 1.917 1.950 2.019 1.870 0.742 0.818 0.813 0.804 0.323 0.381 0.344 6.952 6.493 6.535 6.521 1.102

two spectra taking at phases 0.295 and 0.297, where the
two components are well separated. Finally, the adopted
intensity weight ratios are 0.30/0.70 for Hei D3 and Nai

D1, D2 line spectral region, 0.24/0.76 for Hα line spectral
region, 0.23/0.77 for Caii IRT (8498.06 Å, 8542.14 Å) line
spectral region, 0.21/0.79 for Caii IRT (8662.17 Å) line
spectral region.

The synthesized and subtracted spectra we have ob-
tained in the different spectral regions are displayed
in Figs. 2–7, where the orbital phases calculated using
Duemmler & Aarum’s (2001) new ephemeris are also
marked. In these figures, “H” and “C” represent the pri-
mary (hotter component) and the secondary (cooler com-
ponent), respectively. For the Hα lines and Caii IRT lines,
offsets are added to the subtracted spectra for better
display.

4. Chromospheric activity indicators

The several chromospheric activity indicators in our ob-
servations are formed at different heights in the chromo-
sphere, Nai D1, D2 are formed in the upper photosphere
and lower chromosphere, Caii IRT lines in the lower chro-
mosphere, Hα in the middle chromosphere, and Hei D3 in
the upper chromosphere. Through detailed investigation,
some information about the chromosphere structure can
be inferred.

In all of the activity indicators analysed in our ob-
servations, we have found that the emission features in
the spectrum come from the cooler component. The main
spectroscopic features of the excess emissions in the Hα
and Caii IRT lines have been measured in the subtracted
spectra and listed in Table 2, which includes orbital phase,
full width at half maximum FWHM of the excess emis-
sions, equivalent width EW of the excess emissions, the
intensity of the excess emission peak, and the absolute
flux (logarithm) at the stellar surface logFS derived using

the calibration of Hall (1996) as the relation of color in-
dex (V − R). The equivalent width EW s of the excess
emissions are corrected for the contribution of the cooler
component to the total continuum before they are con-
verted to the absolute flux logFS at the stellar surface.
The measured excess emission EW s have been plotted vs.
the orbital phase in Fig. 8.

In order to analyse the short time-scale chromospheric
variability of UX Ari, we have divided our three observing
campaigns into two different periods: February 2000 when
the observation almost covers a complete orbital period,
and September–November 2000 when the observation cov-
ers about half the orbital period. Figures 2–8 show that
Hei D3, Nai D1, D2, Hα, and Caii IRT indicators except
the Caii IRT (8542) line during the second period exhibit
similar variation patterns in the two periods, and their
behaviours are coincident with each other. In the second
period, the spectra at orbital phase 0.781 show stronger
excess emission in all of the activity indicators. The Hα
and Caii IRT emission lines show a dramatic increase, the
Hei D3 line changes to emission, and the Nai D1, D2 lines
show a stronger fill-in. According to Zirin (1988), if the
Hei D3 line is in emission, it suggests a flare-like event has
happened. Therefore, these results suggest that a flare-like
event was detected.

When this flare happened, the excess emission EW of
Hα line increased by about a factor of 1.5 in one day. This
factor is smaller than in the previous flare of UX Ari de-
tected by Montes et al. (1996) during which the excess
emission EW of the Hα line increased by about a factor
2.2 in one day. Compared with the typical increase fac-
tor of 2 of the chromospheric lines during flares, the flare
detected here is somewhat weak. Converting the excess
emission EW of the Hα line into luminosity with the ra-
dius of the cooler component given by Duemmler & Aarum
(2001), we have derived the energy released in the flare,
2.1× 1031 erg s−1, which is of the same order as the Hα
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Fig. 2. The profiles of the Nai D1, D2, and Hei D3 lines in Feb. 2000. The dotted lines represent the synthesized spectra. The
lower spectra are the subtracted spectra.

flares in other RS-CVn systems such as HK Lac (Catalano
& Frasca 1994) and HR 1099 (Foing et al. 1994). In addi-
tion, the flare we detected took place at the orbital phase
0.781, which is very similar to the orbital phase (0.74) of
the flare detected by Montes et al. (1996), and also to
the orbital phase where the excess emission EW of Hα
line reached a maximum in our Feb. 2000 observations.

Therefore, the activity longitude region of UX Ari should
lie around here.

5. Discussion and conclusions

From Figs. 2–7, it is found that the synthesized spectra
can match the observational ones, except for the Nai D1,
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Fig. 3. The profiles of the Hα lines in Feb. 2000. The dotted lines represent the synthesized spectra. The upper spectra are the
subtracted spectra.

D2 lines, quite well. The reason for mismatched Nai D1, D2

lines has already been discussed by Montes et al. (1997),
and they had concluded that the filled-in core of the Nai

D1, D2 lines could be used as a chromospheric activity in-
dicator. In the subtracted spectra, Hα line emission pro-
files exhibit broad wings that can arise from microflaring
(Montes et al. 1998). They result from the large-scale mass

motions in the chromosphere, as in another RS CVn-type
binary, DM UMa (Hatzes 1995).

In the course of spectral analysis, it was found that
the primary’s Hα profiles are deeper during orbital phase
0.60–0.93 than those during orbital phase 0.13–0.49. These
features mean that the excess absorption of the primary’s
hydrogen lines mentioned by Huenemoerder et al. (1989)
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Fig. 4. As Fig. 3, but for the Caii IRT (8498, 8542) lines.

also exists in our observations, although these features are
not as clear as those in the spectra of Huenemoerder et al.
(1989). In addition, Montes et al.’s (1995) spectrum at
phase 0.93 also supports this point. Huenemoerder et al.
(1989) suggested that the secondary transfers mass to the
primary, and these Hα excess absorptions are either caused
by a cloud of material ejected by the impact or by the oc-
cultation of the mass stream. Although the absolute pa-
rameters of UX Ari derived by Duemmler & Aarum (2001)

have demonstrated that the radius of the cooler compo-
nent is less than its Roche lobe, Huenemoerder et al.’s
(1989) interpretation to this feature is still convincing. For
the component star with a very active chromosphere and
corona, like the secondary of UX Ari, it is very possi-
ble that some extended circumstellar material exists that
can easily extend beyond the Roche radius and cause the
Roche lobe overflow.
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Fig. 5. As Fig. 3, but for the Caii IRT (8662) lines.

In Table 2 and Fig. 8, it can be seen that during the
two periods covered by our observations, the level of chro-
mospheric activity is higher around the second quadrature
of the binary system (phase 0.75) than at the other orbital
phases. This indicates that the chromospheric activity is
modulated with orbital phase and the inferred activity
longitude area of UX Ari corresponds to the phase interval
near the second quadrature of the system. This also is the

position where there is excess absorption in the primary’s
hydrogen lines. The high activity level of UX Ari at this
phase interval may be the consequence of the coupling be-
tween chromospheric activity and mass transfer activity.
Because the Roche lobe overflow is a long-lived behavior,
it can be the basis of corotating flux tubes contecting the
two components. This makes it easier to create higher-
level chromospheric activity. The flare-like event detected



896 S.-h. Gu et al.: The chromospheric activity on the RS CVn-type binary UX Arietis

Fig. 6. As Figs. 2 and 3, but for the observations in Sep. & Nov. 2000.

here is some weaker than the one detected by Montes et al.
(1996).

Among all chromospheric activity indicators, the Caii

IRT (8542) line exhibits different behaviour to others
in the second observational campaign, namely during
the flare. From the EW8542/EW8498 ratio of Caii IRT
(8542 Å) and Caii IRT (8498 Å) excess emissions, also
listed in Table 2, it can be found that the values of the
EW8542/EW8498 ratio are generally small, as for other

active stars (Arévalo & Lázaro 1999; Montes et al. 2000),
and much smaller during the phase interval of high ac-
tivity and the flare (see Fig. 9). This indicates that Caii

IRT emissions arise from the plage-like regions, and the
EW8542/EW8498 ratio decreases with the increase of chro-
mospheric activity.

Finally, we give a summary in the present study of
UX Ari. The activity information is obtained from sev-
eral optical spectroscopic features. The chromospheric
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Fig. 7. As Figs. 4 and 5, but for the observations in Sep. & Nov. 2000.

contribution to these chromospheric activity indicators is
determined by the spectral subtraction technique. A flare
is detected in our observations, and it is the second time
the Hei D3 line exhibits emission in the observation of
the optical band (the first one was reported by Montes
et al. 1996). There is a significant trend for orbital phase
modulation of chromospheric emission during our observ-
ing campaigns, and an activity longitude area was found
around the second quadrature, where the mass from the

secondary is transferring to the primary. Perhaps the chro-
mospheric activity and mass transfer activity are affected
by each other, and the coupling between the two kinds
of activities makes the total system exhibit high activity
around the quadratures.
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