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THE UV SPECTRUM OF THE BINARY SYSTEM TY PYX*
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Abstract. A detailed list and analysis of line identifications of five UV spectra of the RS CVn-type binary
system TY Pyxidis are presented. These spectra are recorded at different phases with the International
Ultraviolet Explorer (IUE). Two of them are in the wavelength range 421235-1950 A while the other three
in the range 142700-3110 A.

The far-UV spectrum of TY Pyx is mainly an emission spectrum dominated by the emission lines of the
ions: C1, O1, Ci1, Si1, He1, Alil, and Fent. We also pointed out the existence of a Feiil [34] line in
absorption.

The UV spectrum between 2700-3110 A is dominated by weak absorption lines. Two satellite components
are indicated for many lines, which correspond to the two stars of the system, in the two out of the three
spectra (LWP 13386 and LWP 13347).

Violet emission wings are observed for Fe1 [1], Ti1 [1],O1v [1], and Sitm [1]. The UV spectrum of TY Pyx
is also characterized by the multi-structure of Mgii [1] resonance lines.

1. Introduction

TY Pyx(= HD 77137 = BV 811; = BD - 276141; p = 3.198584 days) has been found
to be an eclipsing system (Strohmeier, 1967). Popper (1969) has discovered that the H
and K lines of CaIr in absorption and in emission are visible in the spectra of both
components, thus he classified TY Pyx as an RS CVn-type system.

Photoelectric observations of TY Pyx in ubvy by Andersen et al. (1981) and in JHK
by Antonopoulou (1983) clearly reveal that small wave-like distortion is present in the
light curve, similar to that observed in the most of the RS CVn systems. No infrared
excess has been observed from the system (Antonopoulou, 1983; Busso et al., 1987).

Today it is known (Strassmeier et al., 1988) that TY Pyx is an RS CVn-type binary
system with two components of the same spectral type (G5IV), nearly equal masses
(1.22 M and 1.20 M, for the hot and the cool component, respectively) and also
nearly equal radii (1.59 R, for the hot and 1.68 R, for the cool component).

The short wavelength (141235-1950 A) low-resolution far UV spectra of TY Pyx
have been given by Fernandez-Figueroa et al. (1985). These spectra present very well-
defined emission features from low-ionization (e.g., O1) to high-ionization (e.g., N V)
stages. Fernandez-Figueroa et al. (1985) have studied the low-resolution spectrum,
SWP 19234, of TY Pyx and they have reported the presence of the well-defined lines:
Nv, O1, Cu, Sitv, Crv, SiIi, Henr, C1, and Siml. Fernandez-Figueroa et al. (1986)
studied the Mg11 emission doublet at phase 0.54, for which they found a relative velocity

* Based on data from the International Ultraviolet Explorer, de-archived from the Villafranca Data
Archive of the European Space Agency.
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of the components of TY Pyx of about 48 km s~ '. They also pointed out the existence
of an absorption feature at the blue side of the Mg1r line for which they suggest that
it could be caused by local interstellar medium.

In this work we present an analysis of two far-UV spectra of TY Pyx
(111235-1950 A) and also of three other high-resolution spectra in the wavelength
region 142700-3110 A which have been taken at different phases.

2. Observations

This work 1s based on five IUE spectra, which have been taken at different phases. Two

of them are low resolution far UV spectra (SWP 11018 and SWP 19234) while the other

three are high resolution UV spectra (LWR 9689, LWP 13347, and LWP 13386).
All the information connected with these spectra is given in Table I.

TABLE I
IUE images of TY Pyxidis

Image No. UT times Exposure times Phase Names associated
year—day—hours, min (min) with the spectra

SWP 11018 1981-011-01:21 150 0.550 T. Simon, J. L. Linsky

SWP19234 1983-041-09:21 150 0.259 F. Figueroa, A. Gimenez,

E. de Castro

LWR 9689 1981-011-00:20 40 0.537 T. Simon, J. L. Linsky

LWP 13347 1988-154-19:20 35 0.592 Bookbinder, J. Neff

LWP 13386 1988-160-05:54 30 0.295 J. Neff

The phases were calculated using the ephemeris given by Strassmeier et al. (1988).

The spectra were extracted from de-archived IUE images from the World Data
Center (RAL) using the IUEDR package on STARLINK (Gidding, 1983).

Further analysis of the spectra was performed using the DIPSO package also
available on STARLINK (Howarth and Murray, 1987).

The line identifications were performed on the basis of the multiplet tables of Moore
(1968) and Kelly (1979).

The precision of the observed line position is limited by the IUE spectrum resolution
(the low resolution is 5 A and the high 0.2 A) and by the blending due to the crowding
of the lines.

3. Results and Discussion

3.1. THE FAR-UV SPECTRA (SWP 11018, SWP 19234)

The far-UV spectra of TY Pyx in the region 1235 A to 1950 A show emission profiles
for the resonance lines of Nv, C1v, Si1v. The N'v resonance lines at 1240 A are blended.
The same happens for the C1v resonance doublet at 1550 A.
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Emission lines of C1[2],01[2], C11[1], Hert [2], Al11 [2], and Fe 1 multiplets [51],
[52], [62], [68], and Si11[1] probably blended with S1[2], have been found in the
far-UV.

It is not possible the reliable estimation of the R.V., because of the low resolution (5 A)
of the available spectra.

The comparison of the far-UV spectra SWP 11018 and SWP 19234 of TY Pyx with
the Kurucz’s model, shows the existence of a deep and broad absorption line at about
1920 A, which coincides with a blend of two very strong lines of Fennr [34] 141914.056
and 1926.30 A (Figure 1).

Figure 1 gives the low-resolution spectra of TY Pyx (SWP 11018, SWP 19234). The
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Fig. 1. The low-resolution spectra of TY Pyx, SWP 11018, and SWP 19234. The dots represent the points
of the Kurucz (1979) photospheric model for T, = 5500 K and log g = 4.0.
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dots represent the points of the Kurucz (1979) photospheric model for 7.4 = 5500 K
and log g = 4.0.

TABLE 11
The observed emission lines of TY Pyx in the far UV

Ton Ao (A) Muit. Int.

Nv 1238.821 1 1000
Nv 1242778 1 800
C1 1280.330 5 700
C1 1288.420 53 500
Si1v 1393.755 1 1000
Si1v 1402.770 1 800
Civ 1548.185 1 1000
Crv 1551.770 1 950
Hen 1640.474 12 600
C1 1657.007 2 1000
Alnr 1670.786 2 1000
CI 1751.820 64 800
Siu 1808.012 1 150
S1 1807.310 2 550
Sin 1816.927 1 200
S1 1820.342 2 500
S1 1826.245 2 450
Femn 1869.828 52 650
Fennx 1871.150 52 600
Felu 1882.047 62 650
Feu 1882.972 62 250
Feur 1883.816 62 200
Feur 1884.596 62 550
Feiu 1918.284 57 450
Feun 1922.789 st 1000
Fein 1952.640 68 700
Feun 1953.320 68 900
Feln 1953.480 68 650

Table II gives the list of emission lines observed in the far UV spectra of TY Pyx
(SWP 11018, SWP 19231). The successive columns in Table II give:

(1) The ion corresponding to the line.

(2) The laboratory wavelength in A for each line.

(3) The multiplet number.

(4) The intensity of the line (Moore, 1968).

3.2. THE Uv SPECTRA (LWR 9689, LWP 13347, and LWP 13386)

The UV spectra of TY Pyx LWR 9689, LWP 13347, and LWP 13386 (112700-3110 A)
are emission spectra; though, a weak absorption spectrum also co-exists in all the three
given spectra. These spectra are mainly characterized by the Mgii[1] emission
resonance doublet, which presents a multiple structure. This emission feature, in the
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spectra LWR 9689 (p. 0.537) and LWP 13347 (p. 0.592), is also blended with strong
absorption lines of Mg11 [1]. Strong violet emission wings are present for a great number
of ions at the phases 0.537 and 0.592 (LWR 9689, LWP 13347, respectively), but they
have been disappeared at phase 0.295 (LWP 13386).

The most examined ions in the spectra LWP 13347 (p. 0.592) and LWP 13386
(p- 0.295), present two absorption components, which correspond to the two stars of
the system. The mean radial velocities for the three phases are given in Table VI.

Table III gives the list of absorption lines observed in the spectra of TY Pyx
(LWR 9689, LWP 13347, and LWP 13386) except the Mg11 [ 1] resonance doublet and
the ions which present a violet emission wing. The successive columns in Table III give:

(1) The ion corresponding to the absorption line.

(2) The laboratory wavelength in A for each absorption line.

(3) The intensity of the line (Kelly, 1979).

(4) The multiplet number.

The next nine columns of Table III give the measured wavelength (A mes), the
difference A2 and the radial velocity (R.V.) for the three spectra, respectively.

The detection of an interstellar line was not possible because of the blends, so we
could not measure a probable line shift.

Figures 2 to 7 show a collection of spectral region in the long wavelength spectra of
TY Pyxidis.

3.2.1. Violet emission wings

One of the most remarkable feature in the long wavelength region of the IUE spectra
of TY Pyx is the violet emission wings, which correspond to a great number of ions of
a large ionization potential scale.

This phenomenon is an indication of mass exchange between the two stars of the
system.

Violet emission which are detectable for the following spectra lines of the ions: Fel
multiplets [1] and [9], Tit[1], Sim [1], and O1v [1] (Table IV).

Table IV gives a list of the lines which present this type profile.

The successive columns in Table IV give:

(1) The laboratory wavelength in A for each line.

(2) The ion corresponding to the line.

(3) The multiplet number.

(4) The intensity of the line (Kelly, 1979).

The next 9 columns of Table IV gives the emission peak (e.p.), the absorption core
(a.c.) and the red edge (r.e.) of the line respectively for the three given spectra.

Figures 2, 3, 6, and 7 show a collection of spectral regions in the long wavelength
spectra of TY Pyx between 142700-3110 A, which present a violet emission wing.

3.2.2. The Mgi1 [1] Resonance Doublet

Another one remarkable feature in the long wavelength region of the IUE spectra of
TY Pyxis the Mgii [ 1] emission resonance doublet which is characterized by a multiple
structure.
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Fig. 2-7. Figures 2 to 7 show a collection of spectral region in the long wavelength spectra of TY Pyx.
Figures 2, 3, 6, and 7 show a collection of spectral region in the long wavelength spectra of TY Pyx between
1A2700-3110 A, which present a violet emission wing.
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This resonance doublet is embedded in a blend of absorption lines of Mgii[1]
(Table V).

Table V describes the spectrum of MgI1 resonance doublet.

The successive columns in Table V give:

(1) The ion corresponding to the absorption line.

(2) The laboratory wavelength in A for each absorption line.

(3) The intensity of the line (Kelly, 1979).

(4) The multiplet number.

The next nine columns of Table V give the measured wavelength (4., ), the difference
A and the radial velocity of the three examined spectra, respectively.

The Mgii1 [1] resonance doublet present the following features in the three examined
phases:

(a) Phase 0.537 (LWR 9689): a strong emission line is embedded in a blend of the
two absorption lines of Mgi1 [1]. Weak satellites components are present (Figure 8).

(b) Phase 0.592 (LWP 13347). two strong emission lines are embedded in the above
blend of Mgi1[1]. Many satellite components are present.

(c) Phase 0.295 (LWP 13386): the above two emission lines are also present but the
blend of the absorption lines does not exist.

Weak satellite components are present.

3.2.3. Description of the Absorption UV Spectrum

The majority of the spectral features observed in the IUE spectra of TY Pyx
(LWR 9689, LWP 13347, LWP 13386) at 1427003110 A wavelength region, is due to
a thin absorption shell.

Below we present a summary of the more interesting atomic species with some brief
comments on the possibility to be present or absent in the spectra of TY Pyx.

Carbon

It appears mainly as CII.

Cir:the lines of this ion are present (multiplets 13, 15). Three lines of this ion
A12746.488 A [15], 2747.31 A [15], 2836.710 A [13] are present.

One of the possible C11 lines (12837.602 A [13]) is not recorded in our spectra
because of a gap in the vicinity.

Oxygen

O1: only one line of O1 at 42883.780 A of low intensity is present.
O1v: two strong lines of multiplet [ 1] at 243063.420 A and 3071.610 A are present.
OvV: two strong unidentified lines at A12781.01 A and 2789.85 A are present.

Magnesium

It appears as neutral and in the first ionization stage.
Mgi: seven lines of this ion: AA2776.695 A [6], 2778.277[6], 2779.832[6],
2782.974 [6], 2852.120 [1], 2941.990 [3], and 3096.890 A 230 [5] are present.
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Fig. 8. Figure 8 gives the Mgl [1] resonance doublet, which is characterized by a multiple structure.

Mgii: the resonance lines of Mg at 142795.52 A and 2802.697 A are present
(Section 3.2.2).

Apart from the two resonance lines of Mg11 which are present, we also reported two
lines of Mg multiplet [3] at A42790.768 A and 2797.984 A and another one of
multiplet [2] at 2936.496 A.

Silicon
This ion appears as neutral and in the first two ionization stages.
Si1: evidence is found for only one line of multiplet [13] at 12881.597 A.

Si1l: two lines of this jon at 112904.283 A [17], 2905.692 A are present.
Sin1: two strong lines of multiplet [1] at 143086.236 A and 3093.424 A are present.

Sulfur

S11: the presence of S11 is uncertain blended with Mn 1.
Sur: this ion is possibly present. Four lines of Smr at A12856.02 A 400 [15],
2863.53 500 [15], 2904.310 300 [15], and 2950.23 A 300 [18] are present.
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Titanium

Ti1: this ion is present. Only one line of Ti1 was found at 2557.397 A of multiplet [30];
but longward of 2930 A the spectrum of Ti1 multiplet [1] is evident: seven lines of
multiplet [1] at 142933.526 A, 2937.301, 2941.995, 2948.255, 2956.133, 2956.796, and
2967.220 A are present.

Manganese

Mn11: two lines of Mn 11 of multiplet [5] at 142939.312 A and 2949.204 A are present.

Iron

Iron is the main contributor to the UV spectrum of TY Pyx. It appears as neutral and
in the first two ionization stages.

Fel: this ion is present (multiplets 5, 1, 9, 30, and 28).

Fe11: this ion is present (multiplets 62, 53, 235, 279, 273, 61, 60, 277, 373, 78, 335,
and 276).

Fe1ir: two lines of low intensity were found. The line at 12704.42 A 25 [159] and the
unclassified one at 12702.65 A. Longward of 3000 A two strong lines were found at
223001.617 A 650 [19] and 3007.275 A 650 (unclassified). The strong line of Fe at
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Kn% 4 c LWR 9689
ec + LWP /13386
- +
[ + +
I PRI A f e
200 | + r ++j. +0
r ot o
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Fig. 9. Figure 9 gives the radial velocities of the noticeable absorption lines for the three spectra versus
the wavelength.
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TABLE VI

The mean radial velocities for the two components of the system

Image No. UT times Phase R.V.
year—day-hours, min
Ist star 2nd star
LWR 9689 1981-011-00:20 0.537 47 + 28 -
LWP 13347 1988-1594-19:20 0.592 56 + 18 170 + 33
LWP 13386 1988-160-05:54 0.295 32+12 192 + 33

23013.167 A [9] is not recorded in our spectra because of a gap in the vicinity. There
is no evidence of elements heavier than iron.

In Table VI we summarize the values of the radial velocities of the two components
of the system. The successive columns give:

(1) The image number.

(2) UT times (year—day—hours, min).

(3) Orbital phase of the system.

(4) Radial velocities of the two components.

Figure 9 gives the radial velocities of the noticeable absorption lines for the three
spectra versus the wavelength.

4. Conclusions

From the present work, using the five existing spectra of TY Pyx, we conclude to the
following points:

(1) The far-UV spectrum (A41235-1950 A) of TY Pyx is mainly an emission
spectrum. The emission lines we pointed out are: Nv [1], Sitv [1], C1v [1], Hem [12],
Cri[2], Al [2], Sin[1], S1[2].

Apart of them we also detected in this paper the following absorption and emission
lines:

(a) Emission lines of Femn [51], [52], [62], [68] are detected in the spectral region
2417101950 A.

(b) The comparison of the far-UV spectra SWP 11018 and SWP 19234 with the
Kurucz’s model, shows the existence of a weak, absorption shell. A deep broad
absorption line at about 1920 A, which coincides with a blend of two very strong lines
of Ferr [34] A11914.056 and 1926.30 A is present (Figure 1).

(2) From the three UV spectra (142700-3110 A), we pointed out:

(a) The existence of a weak absorption spectrum. For the phases 0.592 (LWP 13347)
and 0.295 (LWP 13386), two absorption components have been detected for many
absorption lines, which correspond to the two stars of the system.

(b) Violet emission wings are present for the lines Fer[1] and [9], Tix[1], Sim [1],
and O1v [1] (Section 3.2.1).

(c) The Mgi1[1] resonance doublet is characterized by a variable multiple emission
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structure related to the phase, embedded in a blend of absorption lines of Mgir [1]
(Section 3.2.2).

The binary system TY Pyx exhibits very interesting variations and we conclude with
our hope that better quality UV images could be taken systematically to explain further
the behaviour of this interesting system.
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