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ABSTRACT
We have examined ultraviolet (UV) and optical UB spectra of 20 UV-emitting Asymptotic
Giant Branch (AGB) stars of various variability classes to study the intensity of the continuum
and emission lines as a function of stellar visual magnitude to shed light on the origin of their
UV emission. A significant fraction (60 per cent) of these stars show Fe I and Fe II emission
lines and ∼1/4 show Balmer lines in emission. The emission in the GALEX [FUV] and [NUV]
bands is dominated by continuum emission, with a limited (≤36 per cent) contribution from
emission lines. The UV spectra of sources with multiple GALEX or IUE observations reveal
short-term (of a few days or less) variability, which does not follow the pulsation cycle.
The intensity of the Mg II λ2800 doublet, a classical diagnostic of chromospheric activity,
is anticorrelated with the spectral slope in the near-UV that could be partially attributed to
temperature variations in a stellar chromosphere. We observed that the intensity of Mg II

λ2800 in o Cet has a sharp maximum at the phase φ � 0.35 after the light curve maximum.
Other LPV stars (T Cet and R Com) show strong UV Fe II emission lines near this same phase
and, like the Mg II doublet, their excitation can be driven by pulsation. Our results suggest
that far-UV emission from AGB stars might be external (hot companion, accretion disc), but
contemporary photometric and spectral UV observations covering the whole pulsation period
are required to ascertain its true origin.

Key words: binaries: general – stars: chromospheres – circumstellar matter – ultraviolet:
stars – stars: AGB and post-AGB .

1 IN T RO D U C T I O N

Since the low effective temperature of late-type stars and the high
opacity of their atmospheres make their continuum to decline
steeply in the ultraviolet (UV), the origin of the UV emission de-
tected in some late-type stars remains enigmatic (Schrijver 1995;
Peréz-Martı́nez et al. 2011). The origin of this emission may be
intrinsic (chromospheric emission, shock waves caused by stellar
pulsation) or external (photospheric emission from a hot compan-
ion, emission from a hot accretion disc around a companion). The
detection of UV emission in late-type dwarfes (Redfield et al. 2002)
favours the first hypothesis because the vast majority of sources with
UV emission do not show any evidence of a hot companion. This
explanation was reinforced by Smith & Redenbaugh (2010), who
found that the intensity of the far-UV emission correlates with the
strength of the Ca II H&K lines, a common indicator of chromo-
spheric activity.

In luminous late-type stars, such as Red Giant Branch (RGB)
or Asymptotic Giant Branch (AGB) stars, UV emission originating

� E-mail: rortiz@usp.br

from a hot companion could not be discarded because the detection
of a relatively small radius companion, such as a white dwarf or
even a normal main-sequence star, is hampered by the primary
high luminosity. To estimate this effect, Parsons & Ake (1998)
studied a sample of over 100 confirmed binaries of various spectral
types and luminosities detected by the IUE satellite (Sonneborn
et al. 1987), including late-type giants and supergiants. After fitting
models of stellar atmosphere to the data, they found the crossover
point, i.e. the wavelength where the UV flux density of the secondary
begins to dominate over the combined spectrum for various values
of luminosity and temperature. The crossover point varies roughly
between 2800 and 5200 Å, depending on the relative luminosity
and temperature of the components of the binary system.

Sahai et al. (2008, 2011) investigated GALEX (Martin et al.
2005) observations of UV bright AGB stars and concluded that
their flux in the two GALEX bands, [FUV] and [NUV], can be
generally attributed to the presence of a secondary with Teff >

5500–6000 K. Similar conclusion was derived from the study of a
volume-limited sample of AGB stars, of which ∼60 per cent of them
show UV excess, even though this explanation does not exclude the
possibility that some might be chromospherically active (Ortiz &
Guerrero 2016). UV excess as a symptom of binarity has been
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Table 1. Log book of the observations from the Perkin–Elmer telescope
(PE) at the Pico dos Dias observatory and Isaac Newton Telescope (INT) at
the Observatory of Roque de los Muchachos.

Star Date Telescope Spectral Exposure
Coverage Time

(JD) (Å) (s)

W Aqr 2458032 PE 3600–4500 3 × 1200
AA Cam 2458118 INT 3150–4600 2600
BD Cam 2458116 INT 3150–4600 3890
SS Cep 2458117 INT 3150–4600 1800
CR Cet 2458119 INT 3150–4600 6270
T Cet 2458118 INT 3150–4600 1760
o Cet 2458118 INT 3150–4600 3 × 50; 300
RT Cnc 2458119 INT 3150–4600 7920
R Com 2458119 INT 3150–4600 3600
V Eri 2458000 PE 3600–4500 3 × 600
R Hor 2458000 PE 3600–4500 3 × 600
TW Hor 2458032 PE 3600–4500 2 × 1200
FZ Hya 2458032 PE 3600–4500 1200
FZ Hya 2458120 INT 3150–4600 4320
Y Lyn 2458119 INT 3150–4600 2100
U Men 2458032 PE 3600–4500 2 × 1200
AF Peg 2458032 PE 3600–4500 3 × 1200
AF Peg 2458118 INT 3150–4600 2100
19 Psc 2458119 INT 3150–4600 2100
SS Tel 2458000 PE 3600–4500 10 × 600
R UMa 2458119 INT 3150–4600 1200
ST UMa 2458120 INT 3150–4600 9065

recently questioned by Montez et al. (2017), after studying a sample
of nearby (<500–600 parsecs) AGB stars with GALEX counterparts.
They noted that the [NUV] magnitude of stars with multi-epoch
observations follows the visual light curve, which indicates that the
near-UV flux originates mostly from the AGB star. On the other
hand, there is not a significant correlation between optical or near-
infrared UBVRIJHK magnitudes and the GALEX [FUV] magnitude.
This suggests that either the far-UV emission does not follow the
general light curve or it is generated externally. For example, Sahai
et al. (2018) conclude the UV flickering and X-ray emission from
Y Gem is produced by the infall of material from this late-type M
star onto a companion’s hot accretion disc.

In this paper, we examine the optical and UV spectra of a sample
of 20 UV-emitting AGB stars of various variability classes. We anal-
yse the contribution of the continuum and main UV emission lines
to the GALEX magnitudes using GALEX and IUE observations and
ground-based spectra, and assess the dependence of their variations
with the stellar pulsation. We aim at identifying which UV features
vary along the stellar pulsation to shed light on the origin of their
UV emission.

2 SAMPLE SELECTION AND OBSERVATIONS

Montez et al. (2017) compiled a catalogue of 316 AGB stars ob-
served by GALEX, from which 179 objects (∼57 per cent) were
detected in the [NUV] band and 38 (∼12 per cent) in the [FUV]
band. Since the emission in the [NUV] band might be partially gen-
erated in the primary component (Montez et al. 2017), we used
the detection in the [FUV] band as main selection criterium, as it
immediately implies far-UV excess and the very likely presence of
a hot companion (Ortiz & Guerrero 2016). Among the 20 objects
in our target list, 16 stars were drawn from Montez et al. (2017).
Four additional AGB stars, namely BD Cam, CR Cet, RT Cnc, and

Table 2. Emission lines detected in the spectrum of R Com.

λmeas λref − λmeas Line Identification Flux
(Å) (Å) (10−15 erg s−1 cm−2)

3227.7 +0.2 [Fe II] 1.7
3230.0 +0.2 [Fe II] 25.9
3255.6 +0.3 [Fe II] 10.8
3277.0 +0.3 [Fe II] 42.2
3281.0 +0.3 Fe II] 15.5
3285.1 +0.3 Fe II] 2.4
3295.5 +0.3 Fe II] 8.9
3302.8 +0.1 Fe II] 10.8
3313.6 +0.5 Fe II] 3.4
3348.9 – Ti II? O IV? 2.7
3517.9 +0.4 Co I 4.5
3521.0 +0.3 Fe I] 13.0
3549.6 +0.3 Fe I] 2.3
3565.1 +0.3 Fe I] 25.6
3586.7 +0.3 Fe I 5.3
3603.3 – Cr II]? Fe III? 54.9
3608.5 +0.4 Fe I 7.4
3712.1 +0.2 [Fe II] 12.9
3734.8 +0.1 Fe I 16.1
3770.2 +0.4 H-9 18.0
3797.3 +0.6 H-8 14.1
3835.2 +0.2 H-7 16.9
3837.7 – S III? [Fe V]? He I? 10.0
3852.3 +0.3 Fe I 40.3
3888.6 +0.5 H-6 22.8
3905.1 +0.5 [Fe II] 25.1
3907.4 – O II? Sc I? 7.1
3938.0 +0.3 Fe II] 14.1
4001.4 +0.3 Fe II 22.1
4101.4 +0.3 Hδ 40.2
4201.7 +0.3 Fe I] 45.9
4206.2 +0.5 Fe I] 10.3
4215.7 +0.5 Fe I] 17.6
4287.2 +0.2 [Fe II] 6.6
4291.1 +0.4 Fe I] 6.1
4307.5 +0.4 Fe I 48.1
4340.0 +0.5 Hγ 29.2
4372.1 +0.3 [Fe II] 6.5
4375.4 +0.5 Fe I] 25.2
4570.6 – Cr I? Mg I]? 106
4639.9 – [Fe II]? N III? 545

ST UMa, detected in the [FUV] band were included, even though
they did not appear in the list of Montez et al. (2017). In total,
42 per cent of the sample of GALEX far-UV AGB stars listed in
Montez et al. (2017) has been included in this study.

Southern hemisphere objects were observed preferentially from
the Pico dos Dias Observatory (OPD,1 Brazil), while northern hemi-
sphere observations were carried out at the Observatorio de El
Roque de los Muchachos (ORM, La Palma, Spain). Table 1 shows
the log book of the observations.

The OPD observations were carried out with the Perkin–Elmer
(PE) 1.60-m telescope, equipped with the Boller & Chivens
Cassegrain spectrograph, set to cover the spectral range 3600–4500
Å. The 1200 lines mm−1 grating was used, with a reciprocal dis-
persion of 0.5 Å pixel−1. A long slit of 2′′ width was used in all
observations, resulting in an FWHM spectral resolution of ∼3.3
pixels (or 1.7 Å). The seeing was measured continuously during the
observations and showed an average value of 2′′.

1OPD is operated by the National Laboratory for Astrophysics (LNA).
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Table 3. Emission-line fluxes (in 10−14 erg s−1 cm−2).

Line Ident. W Aqr AA Cam SS Cep T Cet o Cet RT Cnc R Hor

Fe II]3177.5 . . . . . . . . . . . . 61.7 . . . . . .
[Fe II]3227.7 . . . 2.8 2.6 6.3 . . . 1.7 . . .
[Fe II]3230.2 . . . . . . . . . 4.6 . . . . . . . . .
[Fe II]3255.9 . . . 2.4 5.5 17.6 . . . 2.4 . . .
[Fe II]3277.3 . . . 6.0 13.2 84.2 . . . 6.8 . . .
Fe II]3281.3 . . . 2.7 6.5 47.2 . . . 2.3 . . .
Fe II]3295.8 . . . . . . 6.2 32.3 . . . . . . . . .
Fe II]3302.9 . . . . . . 4.5 26.9 . . . . . . . . .
H-9 3770.6 . . . . . . . . . . . . 6768 . . . 59.3
H-6 3888.1 . . . . . . . . . . . . 3143 . . . . . .
Hε 3970.1 4.9 . . . . . . . . . . . . . . . . . .
Ti II]4028.3 . . . . . . . . . . . . . . . . . . 159.8
Hδ 4101.7 11.8 . . . . . . . . . 7291 . . . 147.8
Hγ 4340.5 . . . . . . . . . . . . 3964 . . . . . .

Line Ident. FZ Hya Y Lyn AF Peg 19 Psc SS Tel ST UMa

[Fe II]3227.7 0.40 6.1 1.3 1.7 . . . 6.6
[Fe II]3255.9 1.0 6.8 2.2 10.8 . . . 4.6
[Fe II]3277.3 3.0 15.8 3.2 17.6 . . . 17.1
Fe II]3281.3 1.3 7.1 1.4 6.0 . . . 9.3
Fe II]3285.4 . . . . . . . . . 6.0 . . . . . .
Fe II]3295.8 . . . . . . 1.2 . . . . . . 4.9
Fe II]3313.6 1.4 . . . . . . . . . . . . . . .
[Fe II]3712.3 . . . . . . . . . . . . 7.5 . . .
H-9 3770.6 . . . . . . . . . . . . 28.8 . . .
H-8 3797.9 . . . . . . . . . . . . 10.3 . . .
H-7 3835.4 . . . . . . . . . . . . 18.3 . . .
H-6 3888.1 . . . . . . . . . . . . 30.0 . . .
[Fe II]3905.6 . . . . . . . . . . . . 15.6 . . .
Hε 3970.1 . . . . . . . . . . . . 10.6 . . .
Ti II]4028.3 . . . . . . . . . . . . . . . . . .
Hδ 4101.7 . . . . . . . . . . . . 350.4 . . .
Fe I]4201.7 . . . . . . . . . . . . 5.1 . . .

The ORM observations were carried out using the Intermediate
Dispersion Spectrograph (IDS) at the Cassegrain focus of the 2.5 m
Isaac Newton Telescope (INT). The 235 mm camera was used. The
EEV10 detector, a thinned EEV42 4280 × 4280 CCD with pixel
size 13.5 μm, and the R1200U grating were selected because they
are especially sensitive to the bluest region of the optical spectrum.
The spectral dispersion was 0.48 Å pixel−1 and the useful spectral
range 3110–4680 Å. The slit width was set to 1.′′3, resulting in a
spectral resolution of 1.25 Å. The spatial scale was 0.′′40 pixel−1.
The seeing varied during the observations, from 1.′′7 to 3.′′2.

The spectra were reduced and analyzed using standard IRAF
routines2 to correct from bias and flat-field. The data were wave-
length calibrated using HeAr arcs at OPD and CuNeAr arcs at ORM,
both obtained at the same telescope position as the target stars. The
data were flux calibrated using different standard stars observed
several times every night. One-dimensional spectra were extracted
for each star.

3 R ESULTS

The INT IDS spectra of some AGB stars in our sample show sys-
tematically a number of emission lines. Some can be unequivocally

2IRAF is distributed by the National Optical Astronomy Observatory, which
is operated by the Association of Universities for Research in Astronomy,
Inc., under contract to the National Science Foundation.

identified as Balmer lines, but the identification was ambiguous
for some others, given the limited spectral resolution and wave-
length calibration accuracy. To identify these lines, we examined
the spectrum of R Com, which showed the largest number of emis-
sion lines. The Balmer lines were used to assess possible wavelength
shifts caused either by radial velocity of the star and heliocentric
motions or by wavelength misscalibrations. For R Com, the wave-
length shift of the Balmer lines, as shown in Table 2, was �λ = λref

− λmeas = +0.42 ± 0.13 Å, where λref refers to the ‘theoretical’
or ‘tabulated’ wavelength, and λmeas is the measured wavelength.
The average value of these shifts, +0.42 Å, was then applied to
the measured wavelength of all emission lines to correct them. The
wavelength-corrected emission lines were searched in the spectral
lines compilation of Meinel et al. (1969), which includes a set
of lines observed in various categories of objects (e.g. Wolf-Rayet
stars, symbiotic, P-Cyg, T-Tau, active galactic nucleus [AGN], etc.).
Observed lines were associated with theoretical lines in this cata-
logue if their corrected measured wavelength was within a wave-
length interval twice the standard deviation of the average shift, or
±0.26 Å. This half-width represents less than ∼20 per cent of the
average spectral resolution of the observations.

Most emission lines in R Com correspond to Fe I and Fe II. These
and the Balmer lines are also found in the spectra of other AGB stars
in our sample. Among the 20 objects studied, two show Balmer lines
in emission (W Aqr and R Hor; Table 3), three (o Cet, R Com, and
SS Tel) show Balmer and Fe lines in emission (Tables 2 and 3),
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Table 4. UV quantities of the AGB stars. Sources assigned in bold show Balmer lines in emission in our spectra. Single-value GALEX fluxes correspond
to single-epoch observations, whereas intervals refer to the minimum and maximum fluxes, obtained at multiple epochs. In ‘Fe II index’, ‘n.o.’ means that
the spectrum does not include the [Fe II] lines at λ3227 and λ3277, and ‘n.d.’ means that these wavelengths were observed, but the lines were not detected.
References to luminosities (second column) are McDonald et al. (2012; a), Whitelock et al. (2000; b), and Cruzalèbes et al. (2013; c).

Name L�/L� D E(B − V) FFUV × WFUV FNUV × WNUV QFUV/Bol QNUV/Bol Fe II

(× 103) (pc) (mag) (10−12 erg s−1cm−2) (10−12 erg s−1cm−2) (× 10−6) (× 10−6) index

W Aqr 2.33b 524 0.042 0.155 0.398 0.57 1.46 n.o.
AA Cam 8.00a 781 0.044 0.061 1.35–1.72 0.14 3.20–4.08 0.92
BD Cam 1.09a 159 0.987 562.3 18,260 410 1.3 × 104 n.d.
BD Cam 1.09a 159 0.100 12.83 53.04 9.3 38 n.d.
SS Cep 5.10a 260 0.151 0.171 7.65 0.071 3.15 0.95
CR Cet 1.74a 357 0.049 0.096–0.15 3.25–3.62 0.22–0.34 7.4–8.2 n.d.
T Cet 7.44a 270 0.024 86.6 6,840 26.4 2,080 1.30
o Cet 3.91b 92 0.027 25.9–202 9.4–201 1.74–13.6 0.63–13.5 n.d.
RT Cnc 2.23a 243 0.040 0.104–0.173 1.03–1.23 0.086–0.14 0.85–1.02 0.73
R Com 7.48b 1120 0.020 0.0068 0.0777–0.165 0.036 0.40–0.86 6.55
V Eri 15.78a 439 0.040 0.256 0.837 0.097 0.32 n.o.
R Hor 9.81b 308 0.031 0.165 0.184–0.432 0.050 0.055–0.13 n.o.
TW Hor 4.41a 403 0.022 0.100–0.129 1.379–3.900 0.12–0.15 1.58–4.46 n.o.
FZ Hya – – 0.023 0.061 0.409–0.487 – – 0.96
Y Lyn 5.25a 253 0.094 32.36 1,385–2,024 12.3 525–767 1.23
U Men – 0.077 0.108–0.209 3.47–3.71 – – n.o.
AF Peg 18.26a 1266 0.070 0.165 1.10 0.45 3.01 0.97
19 Psc 7.94c 233 0.056 0.040 1.53 0.0084 0.32 0.57
SS Tel – – 0.109 0.0145 0.161 – – n.o.
R UMa 2.94a 508 0.025 0.164 0.648 0.45 1.77 n.d.
ST UMa 16.18a 315 0.018 0.651 5.15 0.12 0.98 0.99

and nine show Fe but no Balmer emission lines (AA Cam, SS Cep,
T Cet, RT Cnc, FZ Hya, Y Lyn, AF Peg, 19 Psc, and ST UMa; Ta-
ble 3). Another six stars do not show any emission line in the
3150–4600 Å spectral range of the INT observations (BD Cam,
CR Cet, and R UMa) or the 3600–4500 spectral range of the PE
observations (V Eri, TW Hor, and U Men). The occurrence of Fe II

emission lines among our sample is thus 60 per cent, for a detection
rate of 25 per cent for Balmer lines. We note that the non-detection
of Fe lines in observations obtained with the PE telescope must
be taken with caution because the stellar spectrum in the spectral
region registered in these observations contains only a few [Fe II]
emission lines and a multitude of absorption features. For example,
the semiregular carbon star TW Hor has many Fe lines detected in
the 2100–3300 Å spectral region (Querci & Querci 1985), but our
observations did not detect Fe lines in the 3600–4500 Å PE spectral
range.

The presence of Fe II emission lines near λ3200 can be quantified
by the Fe IIindex calculated from the intensities of the [Fe II] λ3196,
λ3227 and λ3277 lines (Boesgaard & Boesgaard 1976). The rela-
tive intensity of each of these [Fe II] lines is defined as its maximum
intensity (peak value) divided by the level of its nearby continuum.
The Fe IIindex is defined as the average value of the relative inten-
sity of the three lines, but weighting λ3227 and λ3277 three times
the line at λ3196. Since the sensitivity of the IDS observations to
the latter feature is very limited, we have redefined the Fe IIindex
as the average relative intensity of the λ3227 and λ3277 lines. The
last column of Table 4 contains the values of this Fe II index ob-
tained for the 10 stars that show both the λ3227 and λ3277 lines
in their spectra. Fig. 1 displays their spectra in the 3210–3300 Å
spectral range, showing many lines in common. These are identified
with [Fe II](6) λ3227.7, [Fe II](1) λ3255.2 (at the centre of the spec-
tra), [Fe II](1) λ3277, [Fe II] λ3281.3 (rising at the red wing of the
[Fe II](1) λ3277), and Fe II] λ3295.8 near the red end of the spectra
(Johnson et al. 1995). R Com shows the strongest λ3277 line in the

sample, whereas the λ3227 line is barely visible. Nevertheless, the
Fe II] λ3230 line, which is absent in all the remaining stars of the
sample except in FZ Hya, rivals in intensity with [Fe II](1) λ3277
line. o Cet, BD Cam, and CR Cet show very weak emission lines at
λ3227 and λ3277, which do not allow a reliable calculation of their
Fe IIindex.

4 O N TH E O R I G I N O F L OW IO N I Z ATI O N
I RON EMI SSI ON LI NES I N THE V I SUA L
S P E C T RU M O F AG B STA R S

Our blue spectra of 20 AGB stars with far-UV excess reveal the
presence of Fe and/or Balmer emission lines among 14 of these
stars. Metal emission lines can be produced in the extended chro-
mosphere of cool stars (Boesgaard & Magnan 1975), dominating
their spectra shortwards of 2850 Å (Johnson & Luttermoser 1987).
A spectroscopic study of 44 late-type giants showed that Fe emis-
sion lines are indeed universal among the UV spectra of M-type stars
(Boesgaard & Boesgaard 1976), and this is a mere consequence of
the low temperature of the star, making emission lines produced in
the chromosphere dominate over the low level of the photospheric
continuum. In emission-line Miras, shock waves caused by stellar
pulsation can favour the occurrence of emission lines (Crowe &
Garrison 1988). The strongest emission features are H Balmer lines
and low-ionization metallic lines, such as the Fe I λλ4202,4308
multiplet and the Mg I λ4571 line (Crowe & Garrison 1988). The
intensities of emission lines seem to vary according to the pulsation
phase, with Balmer emission lines more prominent near the maxi-
mum of the light curve (Castelaz et al. 2000), and metallic (including
Fe) lines strengthening near the post-maximum (Crowe & Garrison
1988; Wood & Karovska 2000). However, a significant fraction
of AGB stars (pulsating or not) do not exhibit Balmer emission
lines, and this has been generally interpreted as shock excitation of
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Figure 1. INT IDS spectra of AGB stars in our sample showing the [Fe II] emission lines in the spectral range 3210–3300 Å. The position of the [Fe II] λ3227
and λ3277 lines used to compute the Fe IIindex (Boesgaard & Boesgaard 1976) and that of the [Fe II] λ3230 line are marked in blue. Stars are arranged in
decreasing order of their Fe IIindex, from 6.55 for R Com down to 0.57 for 19 Psc (see Table 4).

Balmer lines acting in low-density regions of the stellar atmosphere
(Luttermoser et al. 1989).

4.1 Chromospheric activity?

The weak emission features superposed on the strong absorption
profiles of the Ca II H&K lines are typically adopted as evidence
of stellar chromospheric activity (Boesgaard & Boesgaard 1976).
Unfortunately, disentangling a weak emission component from a
strong absorption line is not feasible in this work because the INT

IDS spectra presented here do not have the necessary spectral res-
olution (�0.5 Å) to allow a reliable subtraction of a spectrum of a
similar, non-active star (Montes et al. 1997a), as it may be affected
by the stellar rotation and/or the radial velocity of the components if
they belong to a binary system (Montes et al. 1997b). The situation
is worsened by the typical variability of pulsating AGB stars, which
makes it difficult to find a match for their varying spectrum.

Fig. 2 shows the spectral region near the Ca II H&K doublet used
as an indicator of chromospheric activity. Numerous weak emission
lines can also be identified, with [Fe II] λ3937.8, [Fe II] λ3969.6, and
[Fe II] λ3978.1 notably strong in the spectrum of R Com. However,

MNRAS 482, 4697–4712 (2019)

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/482/4/4697/5181345 by Inst. Astrofisica Andalucia C
SIC

 user on 04 April 2019



4702 R. Ortiz, M. A. Guerrero, and R. D. D. Costa

Figure 2. Spectra of AGB stars in our sample showing the spectral range including the Ca II H&K lines (marked in red). As in Fig. 1, the spectra are displayed

in order of decreasing Fe II index, although we note that spectral range required to compute this index was not surveyed for W Aqr, R Hor, and SS Tel. The
positions of the [Fe II] λ3937.8, λ3969.6, and λ3978.1 emission lines are marked in blue.

the Ca II H&K absorption lines look clearly filled with emission
only in the spectra of BD Cam, CR Cet, and W Aqr.

Boesgaard & Boesgaard (1976) argue that there is a correlation
between the [Fe II] index and the chromospheric component of the
Ca II H&K lines. Interestingly, the [Fe II] lines at λ3227 Å and
λ3277 Å were not detected in BD Cam and CR Cet (W Aqr was
not observed in that spectral range). The lack of correspondence
between the occurrence of the Fe II and Ca II H&K emission lines
might be due to distinct excitation mechanisms operating in the
these stars. BD Cam and CR Cet are, respectively, Lb and SRb-

type, and do not show large amplitude pulsations, often invoked as
the mechanism that drives collisional excitation of Fe II and other
species.

4.2 Stellar pulsation?

Various mechanisms have been claimed responsible for the produc-
tion of visual and UV emission lines in AGB stars (Johansson &
Jordan 1984; Johnson & Luttermoser 1987; Carpenter et al. 1988;
Johnson et al. 1988; Judge 1990; Judge & Jordan 1991; Carpenter
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Figure 3. The AAVSO’s visual light curve of W Aqr, SS Cep, T Cet, o Cet, RT Cnc, R Com, V Eri, R Hor, Y Lyn, U Men, AF Peg, 19 Psc, R UMa, and ST UMa.
The vertical lines mark the dates of our observations (Table 1).

et al. 2014), but the cause of their variability is still not fully un-
derstood. It might be related to the variability of the photosphere,
which requires the knowledge of the pulsating phase at which the
spectra were acquired. To assess this relationship, we have exam-
ined the AAVSO International Database and extracted light curves
for some of our sample stars (Fig. 3).

Balmer lines in emission were detected in 5 AGB stars (Tables 2
and 3): W Aqr (Hδ and Hε), R Hor (Hδ and H-9), o Cet (Hγ , Hδ,
H-6, and H-9), R Com (full set of strong Balmer lines), and SS Tel
(strong Hδ line and weak Hε and H-6 to H-9 lines). The spectra of
W Aqr, R Hor, and R Com were acquired at phases close to the mini-
mum in their light curves, with W Aqr and R Hor at phases midway
between the minimum and maximum brightness and R Com ap-
proaching its minimum at the date of the observation. On the other
hand, the spectrum of o Cet was obtained just after its maximum.

These results indicate that Balmer lines can be strong in LPV stars
not only at the post-maximum, but at other phases of its cycle as
well, contrary to previous claims on the correlation between the in-
tensity of Balmer lines and the pulsation phase (Crowe & Garrison
1988).

[Fe II] emission lines are detected in 12 AGB stars (Tables 2
and 3): AA Cam, SS Cep, T Cet, o Cet, RT Cnc, R Com, FZ Hya,
Y Lyn, AF Peg, 19 Psc, SS Tel, and ST UMa. Among these stars,
reliable determination of the period phase at the date of optical
observation can only be obtained for T Cet, o Cet, and R Com.
SS Cep, o Cet and ST UMa are approching maximum, R UMa is
at its minimum, whereas the light curves do not show a clear phase
in RT Cnc, Y Lyn, AF Peg, and 19 Psc. Only two stars were ob-
served near the post-maximum phase: T Cet and R Com, and they
exhibit the strongest Fe II lines, quantified as ‘Fe II index’ in Table 4.
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Figure 4. GALEX QNUV/Bol × QFUV/Bol, extracted from Table 4. LPV
variables are represented as circles, and semiregular and irregular variables
are shown as triangles. In the cases where there were multiple QFUV,NUV/Bol

values, the average was assumed. The continuous line marks the one-to-one
correspondence and the dashed line is one-dex shifted.

These results suggest that the intensity of the [Fe II] emission-lines
in AGB stars might be associated with the light curve, reaching its
peak emission in the post-maximum phase. This agrees with the
previous results by Wood & Karovska (2000), who observed that
the intensity of Fe I, Fe II, and Mg II emission lines reaches their
maximum near phase φ = 0.3–0.4 after the light curve maximum.

5 O N TH E O R I G I N O F U V- E X C E S S I N AG B
STARS

Ortiz & Guerrero (2016) calculated the GALEX UV excess for a
set of AGB stars. They define the QFUV and QNUV excesses as the
ratio of the observed (i.e. GALEX) to the theoretical (i.e. calcu-
lated using the models by Lejeune et al. 1997) flux density. In this
study, we compare the UV flux with the bolometric flux of the star.
The flux emitted in the FUV and NUV bands is calculated mul-
tiplying the extinction-corrected GALEX flux densities (FFUV,NUV)
by the corresponding full-width at half maximum of these bands,
(WFUV,NUV), 280 and 790 Å, respectively. McDonald et al. (2012)
obtained stellar luminosities (L�) for a large number of stars in-
tegrating their spectral energy distribution over a wide range of
wavelengths. Other nearby AGB stars had their luminosity calcu-
lated from direct measurements of their diameters (Cruzalèbes et al.
2013). In other cases, we obtained the stellar luminosity from the
K magnitude and the bolometric correction calculated from the J −
K colour index (Whitelock et al. 2000). Then, the bolometric flux
is calculated as L�/4πd2, where d is the distance, generally taken
from the HIPPARCOS catalogue. We use these results to calculate
the ratio of the FUV and NUV stellar fluxes to the stellar bolometric
flux, hereafter QFUV/Bol and QNUV/Bol:

QFUV,NUV/Bol = 4πd2(F × W )FUV,NUV

L�

(1)

These results are shown in Table 4, where all fluxes have been
corrected for interstellar extinction using the E(B − V) excess given

in the GALEX catalogue and the UV extinction law by Yuan et al.
(2013). Since the GALEX colour excess E(B − V) = 0.987 of
BD Cam seems to be anomalously high for a nearby star (159 par-
secs), we assumed a more realistic colour excess, E(B − V) = 0.1.

Fig. 4 illustrates the UV-to-bolometric ratios displayed in Table 4.
In spite of the small number of objects, the QFUV,NUV/Bol values are
spread over a large range of values, irrespective of the variable class.
Besides, the plot shows that (FFUV × WFUV)/(FNUV × WNUV) � 0.1,
but this result is strongly affected by the narrower bandwidth of
the GALEX FUV filter. The highest UV-to-bolometric ratios are
observed in T Cet and Y Lyn, but their IUE spectra and high-
resolution speckle interferometry do not show any evidence of a
companion (Smith & Lambert 1987; Mason et al. 2001). Generally
speaking, Fig. 4 shows that the QFUV/Bol and QNUV/Bol ratios are
correlated (as well as the FUV and NUV fluxes), which favours the
hypothesis of a common origin of these emissions.

5.1 The 1200–2800 Å UV spectrum

It is pertinent to investigate the spectral features that produce the
UV emission (and its possible excess) in AGB stars. Johnson &
Luttermoser (1987) state that only emission lines of C II, Mg II,
Al II, and Fe II are seen shortward of 2850 Å, whereas the spectrum
redward is typically photospheric (i.e. absorption-type), except for
a few Fe II emission lines. The collection of GALEX spectra of AGB
stars by Montez et al. (2017) shows that generally the strongest line
observed among AGB stars within the interval covered by the [NUV]
band is the Mg II λλ2796,2803 doublet, although its contribution to
the [NUV] flux density is not expected to be significant because
the transmission of the GALEX [NUV] filter at this wavelength is
very low. Other weak lines observed within the [NUV] band are
the C II] λλ2325,2327 and Si IIλ2335 lines. In some cases there
is a continuum rising on the red side of the [NUV] band, which
certainly affects the [NUV] magnitude. This is confirmed by our
inspection of GALEX and IUE near-UV spectra of sources in our
sample (Table 5).

The continuum in the far-UV is generally much weaker than
that in the near-UV. Generally, the strongest emission feature in the
[FUV] band is the C IV λλ1548,1551 doublet. Otherwise, the [FUV]
magnitude is not affected by the Lyα line at λ1216 Å because of the
low sensivitity of GALEX at this wavelength and the small width
of this line in these sources, unlike the broad Lyα emission lines of
some AGNs (Cowie et al. 2010). In order to evaluate the individual
contribution of the continuum and emission lines to the [FUV] flux,
we searched for far-UV IUE3 and GALEX4 spectra of sources in
our sample. IUE spectra of five sources and GALEX spectra of
one source, o Cet, were collected and analysed (Table 5). When
multiple observations were available for an object, we selected
spectra at maximum, average, and minimum intensity to account
for variability. For each spectrum we calculated a ‘synthetic’ IUE
flux (FFUV, in erg s−1 cm−2), integrating the observed IUE spectrum
F�(λ) within the [FUV] response interval [λ1:λ2] = [1344Å:1786Å]
(Morrissey et al. 2005):

FFUV =
∫ λ2

λ1

F�(λ)dλ. (2)

The results are shown in Table 6, together with the GALEX ac-
tual fluxes, calculated as described in Section 5, i.e. FFUV × WFUV.

3The INES Archive Data Server, by ESA.
4GR6/GR7 data release, by the STScI.
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Table 5. The UV-to-bolometric flux ratios (QFUV,NUV/Bol) and the strongest features observed in the GALEX and IUE spectra.

Star QFUV/Bol Spectral features within ∼1340–1790 Å (far-UV)

BD Cam 9.3 × 10− 6 continuum, O IV]/Si IVλ1400, C IV λλ1548,1551, O III]λ1666 (IUE)
T Cet 2.6 × 10− 5 ?λ1522, C IV λλ1548,1551 (IUE)
o Cet (1.7–13.6) × 10− 6 continuum, O IV]/Si IVλ1400, C IV λλ1548,1551, Ne IV1601, He II1640, O III1663, N III]1750 (IUE)
TW Hor (1.2–1.5) × 10− 7 ?λ1498, ?λ1634, ?λ1684 (IUE)
19 Psc 8.4 × 10− 9 C III?λ1580, N III]λ1750 (IUE)

Star QNUV/Bol Spectral features within ∼1770–2830 Å (near-UV)

AA Cam (3.2–4.1) × 10− 6 Si IIλ2335, Mg II λλ2796,2803, noisy spectrum beyond λ > 2850Å(GALEX)
BD Cam 3.8 × 10− 5 C II]λ2326, Mg II λλ2796,2803, absorption spectrum at λ > 2800Å (IUE)
T Cet 2.1 × 10− 3 Mg II λλ2796,2803, absorption spectrum at λ > 3000Å (IUE)
o Cet (0.6–13.5) × 10− 6 C II]λλ2326, [O II]λ2471, He Iλ2764, Mg II λλ2796,2803, Fe II absorption in the near-UV (IUE)
R Hor (0.6–1.3) × 10− 7 Mg II λλ2796,2803, absorption spectrum at λ > 2800Å (IUE)
TW Hor (1.6–4.5) × 10− 6 Mg II λλ2796,2803, absorption spectrum at λ > 2850Å (IUE)
19 Psc 3.2 × 10− 7 C II]λ2326, Mg II λλ2796,2803, absorption spectrum at λ > 3000Å (IUE)
R UMa 1.8 × 10− 6 Si IIλ2335, Mg II?λλ2796,2803, absorption spectrum at λ > 2600Å (GALEX)
ST UMa 9.8 × 10− 7 Mg II λλ2796,2803, absorption spectrum at λ > 2800Å (IUE)

Table 6. Synthetic IUE fluxes of AGB stars (F, obtained with equation 2) compared with actual GALEX fluxes. The strongest line in each spectrum and its
relative contribution to the total [FUV] flux are also shown.

Object IUE synthetic flux GALEX [FUV] measured flux Strongest line Relative line
FFUV(min − max) (min − max) in the spectrum contribution

(erg s−1 cm−2) (erg s−1 cm−2) (Ion, λ(Å)) (%)

BD Cam (0.69–9.18) × 10− 12 8.38 × 10− 12 C IV λ1550 21
T Cet 6.44 × 10− 14 7.91 × 10− 14 C IV λ1550 36
o Cet (2.68–6.42) × 10− 12 (1.37–10.82) × 10− 12 C IV λ1550 9
TW Hor 6.67 × 10− 13 (0.93–1.19) × 10− 13 ? λ1498 19
19 Psc 1.77 × 10− 13 3.02 × 10− 14 N III λ1750 4

Overall, there is a good agreement between the flux calculated from
the IUE spectra and the flux obtained from the GALEX catalogue,
taking into account that they refer to distinct epochs. However,
TW Hor and 19 Psc appeared much brighter in epoch of the IUE
observations. However, these two sources were observed only once
by GALEX, whereas IUE spectra with low SNR near the mini-
mum had to be discarded, may be introducing a bias in the IUE
fluxes.

We also evaluated the contribution of emission lines to the total
flux of a GALEX photometric band. Generally, within the spectral
range of a photometric band, the strongest line accounts for more
flux than all the other lines altogether. We artificially removed the
strongest line of each spectrum and recalculated its synthetic FFUV

value. Thus, the difference between the flux of the first (original, ob-
served) IUE spectrum and the flux calculated from the line-removed
spectrum corresponds to the flux of its strongest line alone. Table 6
shows that the strongest line in each spectrum contributes less than
36 per cent of the total flux in the [FUV] band, even though these fig-
ures are just approximate because the intensity of the UV emission
lines and continuum are highly variable (e.g. 19 Psc; Johnson et al.
1986), mainly because of the opacity of the circumstellar envelope
(Eriksson et al. 1986; Johnson & Luttermoser 1987; Johnson et al.
1988).

It can be concluded that the GALEX [FUV] fluxes are gener-
ally dominated by continuum. This conclusion is also valid for the
[NUV] because the continuum is much stronger in this band, in spite
of the high variability of the emission lines in this band, especially
the Mg II doublet at 2800 Å.

5.2 UV-excess and emission lines correlation

Montez et al. (2017) showed that the LPV GALEX [NUV] mag-
nitudes follow in most cases their visual light curves. Since the
emission detected in this GALEX [NUV] band has been shown to
consist predominantly of continuum radiation, this would indicate
that the near-UV emission is chromospheric in most cases and that
its variability is associated with stellar pulsation. In this section we
analyse the variability of other UV spectral features with stellar
pulsation, comparing the intensity of the Mg II doublet and contin-
uum level and the spectral slope with the visual light curve. After
excluding stars observed at a single epoch and discarding spectra
with low signal-to-noise ratio and/or showing bad pixels near the
Mg II line, we ended up with a sample of four stars with suitable
IUE spectra: BD Cam, o Cet, TW Hor, and 19 Psc. Among these,
only o Cet has a reliable light curve covering the epoch of the IUE
observations,5 obtained along several pulsation cycles.

We define line intensity of Mg II as the peak (i.e. maximum)
value of the flux density, subtracted by the average intensity of the
continuum in two neighbouring spectral intervals, both 15 Å wide
and centred 50 Å apart on each side of the Mg II doublet. The values
of the line intensity are compared with the average intensity and
slope of the continuum within 15 Å bands at 3000 and 3200 Å.

Let us examine the short-term variability first. Two IUE measure-
ments near JD2444170, obtained at two different dates, 4 d apart
from each other, indicate an increase of 160 per cent in the contin-

5The AAVSO, www.aavso.org.
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Figure 5. Time dependence of the optical flux and intensity of the Mg II dou-
blet and near-UV continuum. Top: one cycle (from maximum to maximum)
of the visual light curve of o Cet, extracted from the AAVSO homepage.
Middle: peak intensity of the Mg II doublet (red), the intensity of the con-
tinuum at 3000 Å (green) and 3200 Å (blue), in units of erg s−1 cm−2 Å−1.
Bottom: various ratios of the quantities above: F(Mg II)/F(3000) (brown),
F(Mg II)/F(3200) (magenta), and F(3200)/F(3000) (red).

uum level at 3200 Å. Another series of four measurements obtained
near J2448300, covering a total time interval of 9 d, showed a peak-
to-peak variation of 22 per cent in the intensity of the Mg II doublet,
whilst the intensity of the continuum remained constant at both
3000 and 3200 Å. These variations cannot be explained by pulsa-
tion alone, but might be caused by acoustic waves, a mechanism
often invoked to explain the heating of the chromosphere that has
been reported to show variability in time-scales of days and possibly
hours (Querci & Querci 1985).

Fig. 5 shows the intensity of the Mg II λ2800 doublet as a function
of the phase of the cycle of o Cet. The visual light curve covers a
full pulsation cycle (i.e. 332 d long), and was extracted from the
AAVSO database, shown on the top of Fig. 5, for reference. IUE
spectra were obtained along many pulsation cycles. The Mg II h
+ k doublet is considered the main cooler of the chromosphere
(Judge & Jordan 1991; Peréz-Martı́nez et al. 2011). On a long-term
scale its intensity follows the visual light curve, and its maximum
occurs during a brief period of time at the phase φ � 0.35 after the
light curve maximum. This is in agreement with the previous results
by Wood & Karovska (2000), who observed that the Mg II doublet
reaches its maximum within φ = 0.2–0.5.

The F(3200)/F(3000) flux ratio, which represents the slope of the
UV spectrum, is also correlated with the light curve and varies in
phase with the intensity of the Mg II line. However, F(3200)/F(3000)
reaches its lowest value at a phase coincident with the Mg II maxi-

mum. These results show that the energy input in the chromosphere
is originated in the photosphere and it is driven by pulsation.

Long-term variability of the intensity of the Mg II doublet and
continuum of BD Cam, TW Hor, and 19 Psc are shown in Fig. 6.
Unfortunately, the AAVSO does not have a significant amount of
photometric data on these stars that would allow the production
of a phase diagram like Fig. 5. However, the data indicate a weak
correlation between the intensity of the UV continuum and Mg II

λ2800 doublet, and a notable anticorrelation between the slope of
the UV continuum and the intensity of this feature, like observed
in o Cet. Short-term variability of the IUE UV emission lines of
these stars has been previously investigated (Querci & Querci 1985;
Johnson et al. 1986; Ake et al. 1988). In binary stars, like 19 Psc,
the Mg II, C II, and Fe II UV(62,63) features seem to vary all at the
same phase (Johnson et al. 1986). Ake et al. (1988) concluded that
the variability in the IUE spectra of BD Cam is caused by its white
dwarf companion and, unlike o Cet, it does not seem to be related to
pulsation (see Appendix A3). The wide interval of intensities of the
Mg II doublet among evolved stars has also been associated with
magnetic activity phenomena in the chromosphere of these stars
(Peréz-Martı́nez et al. 2011).

The intensity of the Mg II doublet obtained after integrating the
line profile over wavelength is commonly normalized to the value
at the radius of the star, i.e. the stellar surface flux. These values
are plotted in Fig. 7, where it has been assumed no extinction, the
distances in Table 4, and the following stellar radii: 82 R� (BD Cam;
McDonald et al. 2012), 468 R� (o Cet; Haniff et al. 1995), 300 R�
(TW Hor; Bouchet 1984), and 322 R� (19 Psc; Cruzalèbes et al.
2015). The data correspond to the different epochs of observation
shown in Figs 5 and 6. Our determinations of the Mg II surface flux of
19 Psc are about one-third of the average value obtained by Judge &
Stencel (4.3 × 102 erg s−1cm−2; Judge & Stencel 1991), but this
discrepancy is caused by the excessive distance assumed by those
authors, 50 per cent larger than ours. The average Mg II surface flux
of TW Hor obtained by Judge & Stencel (1991) is comparable to
our results, considering stellar variability. Generally speaking, the
Mg II surface flux of the stars obtained in this study follows the trend
observed in the sample of M-type giants studied by Judge & Stencel
(1991), i.e. it decreases from ∼104 er g cm−2s−1 at Teff = 3500 K
down to ∼102 er g cm−2s−1 at Teff = 2800 K. The values observed
in C-rich stars are 1 dex higher, on average. BD Cam, a symbiotic
star with Teff = 3500 K, does not show an excess in the intensity
of its Mg II doublet, but on the contrary, it corresponds to the basal
flux characteristic of its spectral type proposed by Schrijver (1987),
Judge & Stencel (1991), and others. In this case binarity did not
make the Mg II λ2800 flux higher than other stars of the same kind.

Fig. 7 shows also that as the slope of the UV continuum flattens,
i.e. the far-UV excess increases, the intensity of the Mg II doublet
increases too. If the decrease of the F(3200)/F(3000) slope is caused
by a chromosphere temperature raise, Fig. 7 shows that this is ac-
companied by an increase in the flux of the Mg II λ2800 h + k
doublet, and this spectral feature is the main radiative cooler of the
chromospheric gas around cold giant stars (Judge 1990; Judge &
Jordan 1991; Judge & Stencel 1991). Fig. 5 shows that the Mg II

doublet shows a sharp raise during a brief period of time, at the
phase φ � 0.35, after the light curve maximum. Our results sug-
gest that at this phase the temperature (and possibly the density
as well) of the chromosphere shows a sharp raise, accompanied
by the strengthening of the Mg II h + k doublet. Observations of
other LPV stars revealed that also the Fe II lines are stronger near
this phase (T Cet and R Com; see Section 4.2). UBV monitoring
of several LPV stars by Smak (1964) showed that the maximum
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Figure 6. Variability of the Mg II doublet and the UV continuum, based on data obtained with the IUE. The symbols are the same as in Fig. 5. Top: the
intensity of the Mg II doublet and the continuum at 3000 and 3200 Å, in units of erg s−1cm−2Å−1. Bottom: various ratios of the quantities above.

Figure 7. Mg II h + k surface fluxes (erg s−1 cm−2) of the AGB stars in
our sample with multiple IUE observations as a function of the UV spectral
slope between 3000 and 3200 Å.

(B − V) colour temperature of the photosphere occurs well before
the visual maximum, at φ = 0.7–0.8, whilst the minimum (B −
V) colour temperature is after the light maximum, at φ = 0.2–0.3.
Therefore, if the intensity of the Mg II doublet and the slope of the
near-UV continuum probe the temperature of the chromosphere,
we can conclude that its maximum occurs soon after the minimum
temperature of the photosphere.

6 C O N C L U S I O N S

The far-UV emission of AGB stars is investigated in this work
using INT IDS UB optical and IUE and GALEX UV spectra. Con-
tinuum emission is found to be the major contributor to the flux of
these stars in the GALEX photometric bands, with a small although
non-negligible 4–36 per cent contribution from line emission. The
UV-to-bolometric flux ratio shows a wide interval of values, within
10−8−10−3, irrespective the class of the variable star. Present data
do not allow us to establish a firm correlation between the far-UV
emission of AGB stars with chromospheric activity or stellar pulsa-
tion, although it would be desirable to strengthen these correlations

particularly with far-UV photometric and spectral observations ac-
quired at the same epoch and covering the entire pulsation cycle.

Archival IUE data on o Cet showed that the intensity of the
Mg II λ2800 doublet plotted as a function of the pulsation phase
has a sharp peak at the phase φ � 0.35 after the visual light curve
maximum. An analysis of other LPV stars showed that the intensity
of Mg II λ2800 is anticorrelated with the F(3200)/F(3000) ratio: as
the intensity of the Mg II λ2800 doublet increases, the continuum
flux increases towards the far-UV. This can be interpreted as a short-
duration raise of temperature (and density) in the chromosphere of
LPV stars. Future monitoring of this feature (or other chromospheric
emission lines, like the Ca II doublet) in other pulsating variables
can confirm these findings.

The intensity of the Fe II lines seems to follow the phase depen-
dence observed in the Mg II h + k doublet, strengthening in the
post-maximum phase of their light curve. However, we did not ob-
serve a correlation between their intensity and the Ca II H&K lines,
although this result is based on a small statistical sample. If con-
firmed by more observations, the emission of Fe II lines would be
associated with chromospheric activity driven by stellar pulsation.
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Belczyński K., Mikolajewska J., Munari U., Ivison R. J., Friedjung X. M.,

2000, A&AS, 146, 407
Bidelman W. P., 1954, ApJS, 1, 175
Boesgaard A. M., Boesgaard H., 1976, ApJ, 205, 448
Boesgaard A. M., Magnan C., 1975, ApJ, 198, 369
Bogdanov M. B., 1997, AstL, 23, 784
Bouchet P., 1984, A&A, 139, 344
Bouchet P., Querci M., Querci F., 1983, Msngr, 31, 7
Burki G., Mayor M., 1983, A&A, 124, 256
Busso M., Gallino R., Lambert D. L., Raiteri C. M., Smith V. V., 1992, ApJ,

399, 218
Cahn J. H., 1981, AJ, 86, 1935
Campbell W. W., 1899, ApJ, 9, 31
Carpenter K. G., Pesce J. E., Stencel R. E., Brown A., Johansson S., Wing

R., 1988, ApJS, 68, 345
Carpenter K. G., Robinson R. D., Johnson H. R., Eriksson K., Gustafsson

B., Pijpers F. P., Querci F., Querci M., 1997, ApJ, 486, 457
Carpenter K. G., Ayres T. R., Harper G. M., Kober G., Nielsen K. E.,

Wahlgren G. M., 2014, ApJ, 794, 41
Castelaz M. W., Luttermoser D. G., Caton D. B., Piontek R. A., 2000, AJ,

120, 2627
Cho S.-H., Kaifu N., Ukita N., 1996, A&AS, 115, 117
Cowie L. L., Barger A. J., Hu E. M., 2010, ApJ, 711, 928
Crampton D., Lloyd-Evans T., 1973, MNRAS, 162, 11
Cristian V. C., Donahue R. A., Soon W. H., Baliunas S. L., Henry G. W.,

1995, PASP, 107, 411
Crocker D. A., Hagen W., 1983, A&AS, 54, 405
Crowe R. A., Garrison R. F., 1988, ApJS, 66, 69
Crowe R. A., 1983, JAVSO, 12, 58
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A P P E N D I X A : C O M M E N T S O N IN D I V I D UA L
STARS

A1 W Aqr

This star is a late (∼M6), long-period variable (P = 380.8 d; Men-
nessier et al. 1997) associated with various circumstellar masers:
OH (Foy et al. 1975), H2O (Dickinson 1976), and SiO (Cahn 1981;
Spencer et al. 1981; Cho et al. 1996). In fact, most of the studies
on this star refer to its circumstellar dust envelope, especially af-
ter IRAS (Little-Marenin & Little 1988). Its spectral type has long
been determined (Vyssotsky 1946), but since the first reference as
an emission-line star (Bidelman 1954) its spectrum has never been
investigated in detail.

A2 AA Cam

This S-type star, an Lb-type variable (Samus et al. 2017), has been
suggested to be binary by Sahai et al. (2008), who determined the
temperature of its secondary as Teff = 8200 K. Ortiz & Guerrero
(2016) also suggested it to be binary because of its GALEX UV
excess. Pourbaix et al. (2003) re-analysed the HIPPARCOS data
and found that binarity is inconclusive. This star shows the Tcλ4297
line in its spectrum, which, according to Bouchet, Querci & Querci
(1992), is a strong evidence for the third dredge-up and consequently
its classification as a ‘genuine’ or ‘intrinsic’ AGB star.

Its near-UV GALEX spectrum shows strong emission lines (Ta-
ble 5), and a continuum rising redwards at least up to 2850 Å.

Other features in the GALEX spectrum identified according to the
list of emission lines in AGB stars (Johnson & Luttermoser 1987)
are Fe II UV(62,63) at λλ2735–2760, Fe II UV(1) at λλ2607–2635,
and Fe I UV(7) at λ2523. The lines Fe lines detected in our spectra
correspond to an Fe IIindex of 0.92. Its Ca II K line does not show
evidence of emission.

A3 BD Cam

This S5.3-type star has been classified as a symbiotic by Belczyński
et al. (2000). Adelman (1998) observed a periodic light curve with
a period of 24 d that has been associated to pulsation of the primary,
albeit Samus et al. (2017) classify it as a low amplitude, Lb variable.
The system has an orbital period of 596.21 d and its mass function
is f(m) = 0.037 (Griffin 1984).

Both the GALEX and IUE spectra show a strong continuum, in
the near- and far-UV, with many emission lines (Table 5), with ion-
ization potential up to 77.5 eV (Ake et al. 1993). The IUE spectrum
is in absorption at λ > 2800 Å. Besides the features listed in Table 5,
other weak emission lines are Fe II UV(62,63) at λ2759 and Al II

UV(1) at λ2670. We did not detect any emission line between 3150
< λ(Å) < 4600, in our spectrum, but there is a sharp emission fea-
ture at the centre of the Ca II absorption line (Fig. 2), which, like the
Mg II λ2800 doublet, is commonly associated with chromospheric
activity.

The variability in the IUE spectra was formerly observed by Ake
et al. (1988), who concluded that it is caused by the presence of
a white dwarf companion. High-excitation emission lines such as
C IV and N V increased their intensity when the face of the pri-
mary, illuminated by its WD secondary, was turned towards the
earth. Eventually, continuum emission was detected towards this
star at λ = 3.6 cm (Drake et al. 1991), which indicates the presence
of ionized material mixed with the stellar circumstellar envelope.
However, the hypothesis of an accretion disc around the secondary
is unlikely because He I λ10830 appears sometimes in absorption,
which suggests that this line is formed in a layer above the photo-
sphere of the primary (Drake et al. 1991).

A4 SS Cep

This M5 III SRb variable has a double pulsation period: 90 d (Samus
et al. 2017), 100 d, and 340 d (Kiss et al. 1999), and binarity has
been claimed to be one of the causes of the second, longer period
(Hinkle et al. 2002; Olivier & Wood 2003). The mass-loss rate has
been estimated as 6 × 10−7M�yr−1 (Olofsson et al. 2002), a typical
value for an AGB star.

A5 CR Cet

Previous spectrophotometric studies about this M3/4 III, SRb vari-
able star have been basically restricted to its spectral classifica-
tion (Crampton & Lloyd-Evans 1973) and photometry. Its spectrum
does not show conspicuous emission features within 3150 < λ(Å)
< 4600, but only some suspect emission features near the noise
level (Fig. 1). However, its Ca II K profile shows a sharp peak at
its centre, which has been associated with chromospheric activity
(Fig. 2). Like in the case of SS Cep, the lack of GALEX and IUE
spectra does not allow us to figure out the actual origin of the UV
excess.
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A6 T Cet

This SRc variable of M5-6S IIe spectral type (Keenan 1954) shows
a strong Tcλ4262 line, which implies that it is an intrinsic AGB star
(i.e. no binary accreted-mass; Sanner 1978). Its light curve has two
distinct periods: 159–161 d (Kiss et al. 2006; Samus et al. 2017)
and 298 d (Kiss et al. 2006).

IUE spectral observations centred at 1600 Å (Smith & Lambert
1987) failed to detect UV emission emitted by a hot companion,
such as a white dwarf. The IUE spectrum shows a continuum with
absorption lines rising from λ3000 Å redwards. In the far-UV, the
C IV λ1550 line is very strong, making 36 per cent of the entire flux
detected in the GALEX [FUV] band (Table 6). The low SNR of the
IUE spectra does not allow us to identify other emission features, but
those listed in Table 5. T Cet shows the highest UV-to-bolometric
ratio of our sample.

A7 omi Cet

The nearest AGB star (only 92 parsecs; van Leeuwen 2007) and the
prototype of its class is a binary system, consisting of an M5∼M9 III

star accompanied by a DA-type white dwarf secondary. The small
bursts observed in a wide range of wavelengths, from radio to X-
rays (Karovska et al. 1997, 2005; Etoka et al. 2017), suggest that
there is an episodical mass-transfer between the two components.

The first studies of its spectrum available in the literature (Camp-
bell 1899; Slipher 1907) described Hγ and Hδ in emission and
variable. Merrill (1921) proposed that the variability of the Hγ

and Hδ lines, as well as of other strong emission lines observed in
Mira’s spectrum like Fe I λλ4202, 4308 and Mg Iλ4571, are a gen-
eral characteristic of Mira-type stars. The intensities of these lines
vary according to the phase, with Balmer emission-lines becoming
more prominent near the maximum of the light curve and metallic
lines strengthening in the post-maximum.

o Cet is the only object in this study with GALEX near- and far-
UV spectrum. The intensity of its near-UV flux is well correlated
with the flux obtained from the visual light curve, indicating that
the intensity of its near-UV emission follows the pulsation of the
star (Montez et al. 2017). This fact reinforces the intrinsic nature of
its near-UV emission, despite the various phenomena related to the
mass transfer between the two components of this binary system,
like the accretion disc, for example (Reimers & Cassatella 1985).

The UV spectra obtained with the IUE are partially in emission
and absorption. Besides the emission features listed in Table 5, Fe
lines appear in absorption, especially Fe II UV(62,63) at λλ2735–
2760 and Fe II UV(2) at λ2405.

A8 RT Cnc

This SRb variable has some similarities with BD Cam: strong Ca II

K emission and weak Fe lines (Fe IIindex = 0.73, Table 4). The
amplitude of its light curve (Fig. 3) is 1.8 mag along a period of
89.8 d (Samus et al. 2017). However, Houk (1963) discovered a
second, much longer period of 542 d, which has been associated
with either a longer-period pulsation or the orbital movement of a
binary system (Hinkle et al. 2002; Olivier & Wood 2003).

A9 R Com

The majority of the references concerning this high-latitude (b =
+76◦) M5–7e, typical LPV star concerns the properties of its dust
circumstellar envelope and the various masers detected therein

(Crocker & Hagen 1983; Jewell et al. 1985; Sivagnanam et al. 1988;
Little-Marenin & Little 1990). Its stellar spectrum was first reported
as emission-line by Bidelman (1954). Balmer emission lines in the
blue and UV spectral region were eventually detected by Keenan
(1966), Keenan et al. (1974), and Beers et al. (1994). Since then,
no other studies have been devoted to the spectral properties of this
star.

A10 V Eri

This M7 giant has several characteristics that indicate that it is a
member of a binary system. Apart from o Cet, V Eri is the only star
in our list that was included in the list of μ̇ binaries by Makarov &
Kaplan (2005), based on HIPPARCOS data. It also appears in the
list of �μ binaries by Frankowski et al. (2007), which is more
restrictive. Classified as an SRc variable (Samus et al. 2017), its
exhibits a double period: 97 d and 1209 d. The existence of a
second, much longer period has long been associated with binarity
(Hinkle et al. 2002; Olivier & Wood 2003). We observed it only
with the ‘PE’ telescope, which configuration excludes λ < 3600 Å,
where most of the UV emission lines are found. The star was not
observed by IUE.

A11 R Hor

This M5-7e-type star has an extended circumstellar dust envelope
(Little-Marenin & Little 1990) showing maser emission of various
molecular species (Foy et al. 1975; Balister et al. 1977). Radial
velocity measurements of this star obtained in the near-infrared
(Lebzelter et al. 2005) showed an amplitude of 23 km s−1, typical
of a pulsating LPV, and line doubling was considered inconclusive.
Another lack of evidence of binarity is its proper motion: after
reprocessing the HIPPARCOS parallax of this star, Pourbaix et al.
(2003) found the same result as the first data release, showing that
the existence of a companion is inconclusive.

The first reference of an emission-line spectrum of this AGB star
is by Bidelman (1954). Since then, measurements of the intensity
of the Balmer lines in different epochs showed that it is strongly
variable: Keenan (1966) did not report Balmer lines in emission,
but eventually Keenan et al. (1974), Crowe (1983), and Crowe &
Garrison (1988) detected strong Hδ and Hγ emission lines in their
spectra. After this, the few studies on its spectrum have been focused
mainly on the detection of the Tc line (Little et al. 1987; Lebzelter &
Hron 2003) in order to confirm its ‘intrinsic’ AGB nature.

The IUE spectra show remarkable variability, and in some occa-
sions the Mg II λ2800 feature practically disappears. At λ > 2800
Å the spectrum is dominated by absorption lines, and it rises con-
tinually redwards within the IUE longer wavelength limit at λ =
3350 Å. Besides the Mg II doublet, the only emission feature reli-
ably identified in the IUE spectra is at λλ2607–2635 corresponding
to the Fe II(UV1) multiplet.

A12 TW Hor

TW Hor is a C-rich, AGB star (C-N4 spectral type; Barnbaum et al.
1996) and an SRb variable pulsating with a period of 157 d (Bouchet
1984). The Tc absorption lines in its spectrum (Lebzelter & Hron
2003) confirm its intrinsic AGB nature. Its spectral energy distribu-
tion was used to determine its main physical characteristics: Teff =
3250 K (250 K cooler than our fit; Table 4), L = 9 × 104L�, and
R = 3 × 102R�. It is generally thought that chromospheric emis-
sion lines are suppressed among the coolest AGB stars like TW Hor
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because of the high grain density in their atmosphere (Bouchet et al.
1983).

We did not observe this star at λ < 3600Å, but Bouchet et al.
(1983) detected many Fe II emission lines within 3200 < λ(Å) <

3500. The authors also observed the spectral region near the Ca II

H&K spectral lines, but no emission features were detected. Bouchet
et al. (1983) argue that high spectral resolution might be necessary
to detect very weak emission features in the Ca II H&K spectra of
stars as cold as TW Hor. Johnson & Luttermoser (1987) detected
only C II, Mg II, Al II, and Fe II emission lines at λ < 2850 Å in the
IUE spectra, whereas the spectrum longward of 2850 Å is in absorp-
tion, with a few superposed Fe II emission lines. Some conspicuous
absorption features are seen, especially between λλ3273–3327 due
to Fe II(1) and between λλ2994–3024 corresponding to Fe I(9). Sa-
hai et al. (2008) commented that the near-UV IUE spectrum, rising
towards longer wavelengths, originates in the atmosphere of the
AGB star.

A13 FZ Hya

This M6-type star was classified as an Lb variable (Samus et al.
2017), and a period of 134 d was determined from its light curve
(Lebzelter & Hinkle 2002). The vast majority of the studies about
this star are focused on its circumstellar envelope (Little-Marenin &
Little 1988; Olofsson et al. 2002; Sivagnanam 2004). No IUE or
GALEX spectra are available, and our spectrum has a moderate Fe II

index of 0.96.
Sivagnanam (2004) suggests that Lb variables, like FZ Hya, could

be low-mass thermal-pulse AGB stars. In this class of stars, pulsa-
tion is of small amplitude and irregular, which reduces the mass-loss
rate (Vassiliadis & Wood 1993; Sivagnanam 2004) and the intensity
of the shock waves propagating in the atmosphere. Querci & Querci
(1985) argue that in semiregulars shock waves might be too weak
to ionize hydrogen and generate the Ca II H & K emission lines in
the upper stellar layers (i.e. the chromosphere). Considering that
pulsation is even more discrete in Lb variables, we can state that,
generally speaking, shock-driven phenomena would be less notice-
able among Lb stars like FZ Hya (BD Cam is an Lb variable with
high potential emission lines, but it is a symbiotic).

A14 Y Lyn

This M6S star (Keenan 1954) is a spectroscopic binary (SB) dis-
covered with the CORAVEL (Burki & Mayor 1983). A re-analysis
of the HIPPARCOS data by Pourbaix et al. (2003) confirmed its
classification as a Variability-Induced Mover, a strong evidence of
binarity. However, speckle interferometry measurements of this star
failed to detect its companion (Mason et al. 2001). It has been clas-
sified as an SRc variable with a period of 110 d by Samus et al.
(2017). However, a long-term monitoring of its light curve revealed
other additional, longer periods of 133 d, 214 d, 595 d and 1190 d
(Szatmáry & Vinkó 1992), 110 d and 1400 d (Percy et al. 2001),
and 133 d and 1240 d (Kiss et al. 2006). Like in the case of V Eri,
much longer periods have been associated with the presence of a
companion star (Hinkle et al. 2002; Olivier & Wood 2003).

Y Lyn shows the second highest UV-to-bolometric ratio of our
sample. If the companion to Y Lyn is a cold, dwarf star, or if the
multiple periods of the light curve are not related to binarity, then
the far-UV excess must be originated in the hottest layers of the
chromosphere.

A15 U Men

This is a well-known binary system (Baize 1962; Proust et al. 1981)
composed of an M2-type, SRa variable showing a period of 407
d (Samus et al. 2017) and a 10th-mag M-dwarf companion at an
angular distance of 0.6′′. The vast majority of the studies about this
system have been devoted to determine the characteristics of its
circumstellar envelope (Kwok et al. 1997; Olofsson et al. 2002).

A16 AF Peg

This object is an M5 II–III, SRb variable star showing a pulsation
period of 65 d (Samus et al. 2017). It was formerly classified as a
variable-induced mover - VIM (Wielen 1996) and consequently a
binary star candidate. However, after a revision of the HIPPARCOS
data, Pourbaix et al. (2003) did not confirm its VIM nature. Be-
sides, Mason et al. (2001) did not detect a companion using speckle
interferometry.

A17 19 Psc = TX Psc

This C-rich star shows typical characteristics of a highly evolved
AGB star, such as Tc I lines (Merrill 1956; Little et al. 1987), high
C13/C12 ratio, and the Li I line at λ6707 (Torres-Peimbert et al.
1964). Its log g and Teff correspond to a cool supergiant star (R� =
120–293R�; Lasker et al. 1973; Cruzalèbes et al. 2013).

There has been some controversy concerning the variability of
19 Psc (also known as TX Psc). The star has been classified as Lb
(Samus et al. 2017) albeit a period of 220 d was noted in its light
curve (Wasatonic 1997). Monitoring of the intensity of the C II]
line along 3 h of observation did not show evidence of short-term
variability, and because of this excitation driven by shock waves
remains unconfirmed (Carpenter et al. 1997). Long-term spectral
monitoring over several years revealed large and regular variation
of the stellar radial velocity, from 8 to 15 km s−1 (Raskin et al.
2010), but the period derived from these observations is consider-
ably longer than the 224 d attributed to its alleged pulsation. As
earlier commented in this paper, many pulsating AGB stars have
multiple periods (Hinkle et al. 2002), and 19 Psc might be one of
these cases.

Observations of lunar occultations occurred between 1992 and
1994 revealed a departure from circular symmetry of the stellar
disc, which has as possible causes either a clumpy distribution of
high temperature dust grains near the photosphere (i.e. at <2R�)
or the presence of large stellar spots in the photosphere (Richichi
et al. 1995). Eventually, those data were re-analysed by Bogdanov
(1997), who proposed that the departure from the circular symmetry
observed at 2.2 μm was due to a close companion, situated at a
distance of 52 ± 2 mas and θ = 241◦ ± 3◦. Assuming a distance
of 230 parsecs, this corresponds to a separation of 16 au. Other
images of the star at 2.2 μm obtained in the same epoch (1994
September; Cruzalèbes et al. 1998) also show a close clump at
the distance of 350 mas and θ = 241◦, i.e. at the same angle as
the object reported by Bogdanov (1997), but 7 times farther. Some
years later, this star was reobserved with an infrared array imaging
interferometer in two distinct dates separated by 4 months (Ragland
et al. 2006), but the results were again inconclusive: no asymmetry in
2002 June but confirmed asymmetry in 2002 October. If the image
asymmetry in 19 Psc is caused by the presence of a companion,
then this system must have a short orbital period in order to explain
the variation observed during the observations. On the other hand,
Ragland et al. (2006) propose that all mira-type stars might be
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asymmetric if there is adequate spatial resolution to detect it. Finally,
more recent, spectro-astrometry observations were carried out at
wavelengths corresponding to vibrations lines of CO (at 4.6μm)
and HCN (at 3μm) by Hron et al. (2015). A feature was observed
at θ � 0◦ and at a distance between 70 and 210 mas (i.e. between
14 and 52 R�), which is distinct from the blob previously reported
by Bogdanov (1997) and Cruzalèbes et al. (1998).

The C II] feature at 2326 Å is probably the highest excitation or
ionization line ever observed in a N-type (C-rich) star (Johnson &
Luttermoser 1987). A detailed modelization of its UV spectrum
resulted in very restricted conditions of its chromosphere, such as
low density along the increasing temperature zone, a steep temper-
ature gradient in the lower chromosphere, and the chromosphere
expanding at 50 km s−1 (Luttermoser et al. 1989). However, later
studies based on UV spectra obtained with the HST indicated that
the velocity of the chromospheric stellar wind is lower than the
previous estimates (<34 km s−1; Carpenter et al. 1997). Besides, a
theoretical modelling of the molecular absorption lines in the spec-
trum indicated that the chromosphere can be very inhomogeneous
(Judge & Jordan 1991).

The near-UV IUE spectrum has a high signal-to-noise ratio and
it partially overlaps the spectral interval of our observations, be-
tween λλ3150–3350. The level of the continuum in our spectrum
at ∼λ3300 about 1.4 times the level of the IUE spectrum at the
same wavelength. The IUE spectrum at λ > 3000 Å is predomi-
nantly in absorption, with a few emission lines. Some of the faint
emission lines observed in the IUE spectrum at λ < 3000 Å are
the UV(60) Fe II multiplet at λ2922 and λ2980, the UV(62,63) Fe II

multiplet between λλ2735–2760, and the UV(1) Fe II multiplet be-
tween λλ2607–2635. Like TW Hor, Johnson et al. (1986) detected
spectral variations in TX Psc on a very short time scale, as short as
1 d.

A18 SS Tel

Practically all references to this star concern the infrared and/or
millimetre emission of its circumstellar dust/molecular shell (Hall
et al. 1990; Little-Marenin & Little 1990; Kwok et al. 1997), and
its visual/UV spectrum had never been studied before this work.
This M-type star shows a regular period of 416 d (Samus et al.
2017). There are no kinematic studies of this object, and it was not
observed by HIPPARCOS because of its faint magnitude (V � 9.1).

Its spectrum shows an extremely strong Hδ line and other less
intense Balmer emission lines. Only a few Fe emission lines have
been detected (Table 3), and because of this, the Fe IIindex could
not be determined.

A19 R UMa

The first reference to its emission line spectrum was given by Bidel-
man (1954), and the star was eventually classified as M5-8e (Keenan
et al. 1974), even though Keenan (1966) had previously cited it as
a Hδ emission line star, like others in our list. It is an LPV vari-
able with a period of 301.6 d (Samus et al. 2017). Nakagawa et al.
(2016) used VLBI to determine its parallax, and obtained a distance
of 508 ± 13, decreasing the error bar of previous determinations.
Their analysis of the various H2O maser spots did not reveal evi-
dences that could be associated with binary motion.

Sahai et al. (2008) were the first to suggest that R UMa might
be a binary, based on the GALEX UV excess. They also derived
a temperature of (7.8–9.3) × 103 K for the secondary, whilst the
estimates of its luminosity were uncertain. Ortiz & Guerrero (2016)
also suggested it is a binary, and derived a similar temperature for the
secondary. The star is also a X-ray source, and Ramstedt et al. (2012)
estimated an X-ray temperature of ∼107 K, which suggests that the
X-ray emission originates in the stellar corona. This interpretation
was eventually questioned by Sahai et al. (2015). In their study they
derive much higher X-ray temperatures, (35–160) × 106 K, too high
to be originated in a stellar corona or in an accretion disc around a
main sequence star. The authors argue that AGB stars with far-UV
and X-ray emission must all have an accretion disc associated with
a compact companion.

A20 ST UMa

This is a M4-5 III, SRb star, pulsating star with a multiple period,
most of them longer than the single value listed in Cristian et al.
(132 d, 1995) or in The General Catalogue of Variable stars (110 d;
Samus et al. 2017). Houk (1963) determined 81 d and 590 d, Kiss
et al. (1999) found 615 d and 5300 d, and Percy et al. (2001) obtained
81 d and 625 d. The longer periods might result from either a slower
pulsation mode or the orbital motion if the star is in a binary system
(Hinkle et al. 2002; Olivier & Wood 2003). However, Mason et al.
(2001) failed to detect a companion using speckle interferometry.

The IUE spectrum of ST UMa has a strong continuum with
absorption lines rising from λ = 2800 Å redwards. The strongest
emission lines in the IUE spectra, identified after the list of UV lines
provided by Johnson & Luttermoser (1987), are the Fe II UV (62,63)
multiplet within λλ2735–2760, an unidentified emission feature at
λ2691, and the Fe I (UV7) emission line at λ2523. Unfortunately,
there is no light curve available for the epoch of the IUE observations
that could tell us the phase when that spectrum was obtained.

This paper has been typeset from a TEX/LATEX file prepared by the author.
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