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ABSTRACT. We report on high-resolution spectra of the two recurring novae, T CrB and RS Oph, obtained in
2004 when no outbursts were in progress. Selected regions of the spectra between 6500 and 8800 Å were measured
for equivalent widths and analyzed for metallicity. Lines of Fe I, Ni I, Si I, and Ti I were used to establish the effective
temperature. The metallicity as derived using models is near solar with an uncertainty estimated to be near a factor of
2 for both stars. Both stars show a strong lithium line at 6707.8 Å. Approximate Li abundances were derived using
model atmospheres for a direct comparison with the nearby Fe I line at 6710.31 Å and the Ca I ground level line at
6572.78 Å. The Li abundances are near logNðLiÞ ¼ 1:2 for RS Oph and 0.8 for T CrB on the scale of
logNðHÞ ¼ 12:0. Such Li abundances are high for single K and M giants. A survey of symbiotic stars with cool
components of types K and M showed no recognizable Li line in 28 stars with high quality spectra. This makes the
two repeating novae different from the other symbiotics that consist of a red giant and a white dwarf.

1. INTRODUCTION

The two brightest repeating novae are T CrB and RS Oph, the
later of which has suffered 7 nova explosions, the most recent of
which occurred in 2006 February. T CrB has only shown two
explosions, one in 1866 and a second in 1946. Both systems in-
clude an M giant whose metallicity may be found, though with
difficulty, from high-resolution spectra. It has been suggested
that the repeating novae may evolve to become supernovae of
Type Ia (SNIa; Hachisu 2003). The role of symbiotic binaries,
to which T CrB and RS Oph belong, as viable SNIa progenitors
was first discussed by Munari & Renzini (1992). They remarked
that to account for the observed frequency of SNIa’s in the Ga-
laxy it is sufficient that only about 4% of the symbiotic binaries
conclude their evolution with the accreting white dwarf reaching
the Chandrasekhar limit and exploding as a supernova. It is inter-
esting to note that the fraction of known recurrent novae among
the symbiotic binaries is a few percent. Supernovae of Type Ia are
the brightest stars known at this time. As such, they can be seen at
huge distances, reaching galaxieswhose redshift is given roughly
by z≃ 1:0. They are sufficiently rare that no SN Ia has been close

enough in recent years to permit the identification of the object
that later exploded. Asmentioned above, suggestions involve the
overloading of a white dwarf until its mass reaches the Chandra-
sekhar Limit, at which point its nuclei fuse to iron-peak elements,
mostly Fe and Ni, releasing enough energy for the star to reach
Mv ≃�19. The most recent SN Ia in our galaxy was probably
SN1006, which remarkably occurred almost exactly a thousand
years ago.

Because it is most unlikely that a lone white dwarf would
accrete enough interstellar material to reach the Chandrasekhar
Limit, a variety of scenarios have been suggested whereby mass
may be transferred from a second star onto a white dwarf. One
class of models involves so-called symbiotic binaries, in which
a red giant and a white dwarf are in an orbit of roughly two
years. The red giant may lose mass by either a stellar wind
or by Roche overflow, thereby supplying the material to be cap-
tured by the white dwarf. Hachisu (2003) has described models
of mass transfer in symbiotic stars that may lead to the system
becoming a repeating novae, and subsequently a SN Ia. Because
the process of mass transfer must be nearing completion for a
star close to the SN stage, the contributing giant may have lost a
substantial amount of mass by the time the hot star approaches
the limit of about 1:38 M⊙. In that case, the M giant may have
lost sufficient mass that its atmosphere has become deficient in
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hydrogen. The only evidence that a moderate hydrogen defi-
ciency is present would be an enhanced ratio of metals to hy-
drogen. Hence, we have investigated the [Fe=H] ratio in the red
giant component of two repeating novae. As will be described
later, we discovered that both stars show a surprisingly strong
line of Li I.

2. OBSERVATIONAL DATA

Spectra with a resolving power of about 35,000were obtained
on 2004 6 June for T CrB and on 2004 26 June for RS Oph with
the echelle spectrograph of the 3.5-m telescope at the Apache
Point Observatory. The data were reduced and measured with
the standard IRAF2 routines and measured with the SPLOT rou-
tine to derive equivalent widths by fitting individual lines with a
Gaussian profile. We show sections of the spectra in Figure 1.
The region around 6700 Å is shown to exhibit the strong Li line
in each star. Note the much greater strength of the TiO band at
6717Å in TCrB as compared to RSOph. In fact, theweakness of
the strongest TiO band at 7054Å indicates that other TiO features
should be undetectable in RS Oph. For T CrB it was necessary to
use the 8400–8800 Å region and the line list of Woolf &Waller-
stein (2005) that was successfully employed for M-dwarf stars.
The signal-to-noise ratio in the 8400–8800 Å region is about 15
per pixel in the T CrB spectrum, and in the 6600–6900 Å region
of RSOph the signal-to-noise ratio is 27, much of which is due to
unrecognized blending byweak lines. Hence, the accuracy of the

equivalent widths is due largely to blending and noise rather than
to other causes. Our equivalent widths are shown in Tables 1 and
2 along with atomic data for the measured lines. We chose to
measure only lines from elements represented by several lines.
For T CrB we used only lines of Ti I and Fe I. For RSOph, whose
TiO was very weak, we measured lines from 6572 to 6858 Å
including lines of Si I and Ni I to achieve as wide a range as pos-
sible of lower excitation potential.

In addition, we have inspected high-resolution spectra of
other symbiotic stars obtained at the Asiago Observatory to
see if the presence of Li I is common in the cool component
of symbiotics or is unusual.

3. ATMOSPHERIC PARAMETERS

There are two ways to estimate the effective temperature
(T eff ) of a cool star, spectroscopic and photometric. In the spec-
troscopic method, lines of a common element such as iron with
a range of lower excitation potentials are used to derive abun-
dances and T eff is estimated by requiring that the abundances be
independent of excitation potential. For these stars we have
rather fewer lines than are usually used in G and K stars. Hence,
we have included lines of additional species such as Si I to pro-
vide higher excitation lines and Ti I to provide lower excitation
lines than are covered by iron. Line identifications and their log
ðgfÞ and excitation potentials were taken from VALD3. To place
these other lines on the same scale as Fe I, we assumed the abun-
dance ratios in the stars to be solar, and used the abundance

FIG. 1.—Spectra of T CrB and RS Oph in the 6700 Å region. The lithium line is at 6707.8 Å.

2 The Image Reduction and Analysis Facility is distributed by the National
Optical Astronomy Observatories, which are operated by the Association of
Universities for Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.

3 The Vienna Atomic line Database (VALD) is a collection of atomic line
parameters of astrophysical interest and can be accessed via http://ams.astro.
univie.ac.at/VALD/.
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values given by Lodders (2003). For example, the solar abun-
dance of Fe I given by Lodders is 7.47, whereas the abundance
of Ni I is 6.22; the difference between these two values is 1.25.
Therefore, to place Ni I on the same scale as Fe I, for determin-
ing T eff , 1.25 was subtracted from the logðgfÞ values for each
Ni I line in the spectra of RS Oph. This same method was used
for Si I and Ti I lines in the spectra as well. To determine T eff , the
derived abundance was plotted against excitation potential
using NextGen model atmospheres (Hauschildt et al. 1999)
and the line formation program MOOG. We assumed that
logðgÞ ¼ 2, which is characteristic of giants. We find a some-
what wide range of acceptable T eff values. For RS Oph accep-
table slopes limit T eff to between 4100 and 4400 K. The derived
value of ½M=H� ¼ þ0:17� 0:1 for an uncertainty of �200 K.
For T CrB we have gone to the 8400–8800 Å region to use most
of the same lines as were used by Woolf & Wallerstein (2005)
for M dwarfs and found a rather good fit at 3400 K for Fe I lines

TABLE 1

SPECTRAL LINE DATA FOR T CRB

Wavelength
(Å) Element

Excitation Potential
(eV) logðgfÞ

EW
(Å)

7978.806 . . . . . 22.0 1.887 −1.124 0.258
8024.870 . . . . . 22.0 1.879 −1.140 0.137
8068.321 . . . . . 22.0 1.873 −1.926 0.144
8334.433 . . . . . 22.0 0.818 −2.637 0.237
8353.230 . . . . . 22.0 0.813 −2.677 0.267
8364.278 . . . . . 22.0 0.836 −1.756 0.222
8377.941 . . . . . 22.0 0.826 −1.612 0.324
8396.934 . . . . . 22.0 0.813 −1.779 0.366
8412.403 . . . . . 22.0 0.818 −1.483 0.347
8416.991 . . . . . 22.0 3.724 −3.278 0.063
8417.562 . . . . . 22.0 2.117 −2.104 0.061
8426.596 . . . . . 22.0 0.826 −1.253 0.349
8434.960 . . . . . 22.0 0.848 −0.886 0.286
8435.740 . . . . . 22.0 0.836 −1.023 0.272
8438.897 . . . . . 22.0 2.256 −0.797 0.123
8450.897 . . . . . 22.0 2.249 −0.903 0.064
8518.224 . . . . . 22.0 2.134 −1.280 0.280
8548.117 . . . . . 22.0 1.873 −2.059 0.101
8675.448 . . . . . 22.0 1.067 −1.669 0.199
8683.035 . . . . . 22.0 1.053 −1.941 0.198
8692.365 . . . . . 22.0 1.046 −2.295 0.296
8766.725 . . . . . 22.0 1.067 −2.094 0.209
8047.654 . . . . . 26.0 0.859 −4.656 0.246
8075.215 . . . . . 26.0 0.915 −5.062 0.244
8327.103 . . . . . 26.0 2.198 −1.525 0.366
8387.818 . . . . . 26.0 2.176 −1.493 0.367
8514.088 . . . . . 26.0 2.198 −2.229 0.250
8515.184 . . . . . 26.0 3.018 −2.073 0.106
8582.293 . . . . . 26.0 2.990 −2.133 0.010
8611.849 . . . . . 26.0 2.845 −2.321 0.211
8621.651 . . . . . 26.0 2.949 −3.324 0.130
8674.748 . . . . . 26.0 2.831 −1.800 0.110
8688.674 . . . . . 26.0 2.176 −1.212 0.463
8757.195 . . . . . 26.0 2.845 −1.250 0.208
8804.662 . . . . . 26.0 2.279 −1.187 0.156
8838.437 . . . . . 26.0 2.858 −2.050 0.151

TABLE 2

SPECTRAL LINE DATA FOR RS OPH

Wavelength
(Å) Element

Excitation Potential
(eV) logðgfÞ

EW
(Å)

6587.283 . . . . . 14.0 5.619 −2.610 0.056
6695.195 . . . . . 14.0 6.083 −1.830 0.053
6734.208 . . . . . 14.0 6.125 −2.010 0.009
6773.886 . . . . . 14.0 5.984 −2.100 0.010
6774.539 . . . . . 14.0 5.954 −1.860 0.009
6847.584 . . . . . 14.0 5.863 −2.080 0.024
6573.344 . . . . . 26.0 0.990 −5.023 0.081
6602.442 . . . . . 26.0 2.424 −6.041 0.021
6603.698 . . . . . 26.0 4.835 −2.473 0.103
6607.059 . . . . . 26.0 2.279 −4.030 0.064
6608.178 . . . . . 26.0 2.559 −2.692 0.044
6612.881 . . . . . 26.0 1.011 −6.689 0.097
6624.092 . . . . . 26.0 1.011 −5.350 0.110
6632.855 . . . . . 26.0 4.558 −0.799 0.002
6633.282 . . . . . 26.0 4.795 −1.430 0.012
6647.207 . . . . . 26.0 1.011 −5.275 0.091
6651.367 . . . . . 26.0 4.580 −3.207 0.034
6662.483 . . . . . 26.0 2.424 −2.479 0.042
6664.522 . . . . . 26.0 1.557 −5.183 0.062
6666.477 . . . . . 26.0 2.453 −4.400 0.012
6677.037 . . . . . 26.0 2.692 −1.418 0.065
6681.302 . . . . . 26.0 4.076 −3.330 0.010
6698.261 . . . . . 26.0 4.593 −2.101 0.002
6702.667 . . . . . 26.0 2.758 −3.160 0.100
6709.369 . . . . . 26.0 1.485 −4.880 0.122
6714.488 . . . . . 26.0 4.607 −1.640 0.040
6723.143 . . . . . 26.0 4.795 −1.521 0.015
6724.427 . . . . . 26.0 4.103 −2.300 0.006
6732.210 . . . . . 26.0 4.638 −1.580 0.054
6736.348 . . . . . 26.0 3.266 −4.128 0.014
6737.072 . . . . . 26.0 4.558 −1.750 0.024
6738.670 . . . . . 26.0 1.557 −4.794 0.051
6746.024 . . . . . 26.0 2.608 −4.350 0.020
6755.635 . . . . . 26.0 4.294 −2.750 0.014
6768.798 . . . . . 26.0 4.580 −2.660 0.074
6774.489 . . . . . 26.0 3.283 −4.940 0.019
6784.823 . . . . . 26.0 4.584 −2.291 0.014
6785.932 . . . . . 26.0 4.191 −2.070 0.014
6793.665 . . . . . 26.0 4.955 −2.110 0.006
6795.175 . . . . . 26.0 4.143 −2.530 0.073
6800.983 . . . . . 26.0 1.608 −5.043 0.068
6804.813 . . . . . 26.0 4.580 −2.971 0.002
6809.325 . . . . . 26.0 4.607 −0.986 0.067
6819.476 . . . . . 26.0 4.638 −1.320 0.016
6827.675 . . . . . 26.0 4.638 −0.920 0.056
6838.889 . . . . . 26.0 2.559 −3.450 0.077
6841.718 . . . . . 26.0 4.638 −1.320 0.011
6842.685 . . . . . 26.0 4.548 −0.930 0.080
6843.715 . . . . . 26.0 1.557 −7.126 0.074
6854.181 . . . . . 26.0 4.558 −0.742 0.044
6856.291 . . . . . 26.0 4.076 −2.150 0.040
6858.489 . . . . . 26.0 2.845 −4.520 0.009
6638.856 . . . . . 28.0 1.676 −5.455 0.060
6642.773 . . . . . 28.0 1.676 −2.300 0.105
6659.617 . . . . . 28.0 1.935 −4.932 0.014
6660.343 . . . . . 28.0 4.236 −1.778 0.044
6766.891 . . . . . 28.0 1.826 −2.170 0.108
6771.321 . . . . . 28.0 3.658 −0.980 0.092
6812.730 . . . . . 28.0 5.342 −0.514 0.012
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only and 3600 K for the Fe I and Ti I lines combined. For T eff ¼
3500� 100 K the derived ½M=H� ¼ �0:1� 0:1.

In the photometric method, an appropriate color is selected
and, after correcting for interstellar reddening, is transformed
into T eff by the established correlation. For M stars, the color
index J �K is best because the hot companion has little influ-
ence in the infrared and the correlation with T eff is well estab-
lished by Alonso et al. (1999). In Table 3 we show the colors
of RS Oph and T CrB as observed by 2MASS. For T CrB, at
a galactic latitude of 48.16°, the interstellar reddening may be
assumed to be negligible. For RS Oph, on the other hand, at a
galactic latitude of 10.37, there is significant interstellar redden-
ing. By using nearby AO stars with known photometric colors,
we estimate a color excess of 0.78 in B� V , which implies a
color excess of 0.39 in J �K. Turning now to the calibration
byAlonso et al (1999) we findT eff ¼ 3600 K for T CrB and T eff

¼ 4100–4400 KforRSOph. Therefore both absorption line ana-
lysis and photometric calibrations converge to similar values for
the temperatures of both stars. Considering the uncertainties in
effective temperature, our derived abundances of the heavy ele-
ments are close enough to solar that we found no evidence of a
hydrogen deficiency in either T CrB or RS Oph.

4. THE LITHIUM ABUNDANCE

To our surprise we have found that both stars show a sub-
stantial line of Li I at 6707.8 Å. In T CrB it had already been
seen by Shahbaz et al. (1999). Lithium in early M stars has been
studied for many years starting with Merchant (1967) and sur-
veyed more recently by Luck & Lambert (1982). In T CrB the

Li line is blended with TiO, while in RS Oph it is well defined
despite some blending by unidentified lines. In Figure 1 we
show the spectra of both stars between 6690 and 6720 Å.
For RS Oph, the weak features are not TiO since the strongest
band at 7054 Å is very weak. The equivalent widths of the Li
lines in both RS Oph and T CrB are shown in Table 4, which
includes other pertinent data for the Li line and two comparison
lines selected to respond to the parameters of stellar atmo-
spheres similarly to the Li line.

To derive a quantitative estimate of the Li abundances, we
have employed the solar metallicity models of Hauschildt et al.
(1999). As for our analyses of the metallicities described above,
we used the following parameters: For RS Oph T eff ¼ 4400 K,
log g ¼ 2, vmicro ¼ 2:0 km sec�1 and for T CrB T eff ¼ 3600,
log g ¼ 2:0, vmicro ¼ 2:0 km sec�1. The similarly low excitation
levels and ionization potentials make the derived ratios of Li/Ca
and Li/Fe insensitive to uncertainties in T eff . The similarities in
equivalent width eliminates any uncertainty in the Li abundances
that might be introduced by the uncertainty in vmicro. Finally the
similarity in wavelength of the Li and Fe line overcome any opa-
city differences and overall differences in blending byweak lines.
The derived abundances are shown in Table 5.

In summary, it appears that the Li abundances are close to
being solar. For T CrB Shahbaz et al. (1999) found logNðLiÞ ¼
0:5 from a model with T eff ¼ 3200, which would naturally
yield a lower Li abundance than our model of T eff ¼ 3600.
A T eff ¼ 3200 sounds a little low to us for a star of type
M3III. The question now arises as to the uniqueness of the
Li presence in T CrB and RS Oph. For a small sample of
single giants of type K5 to M3, Li abundances ranging from log
NðLiÞ ≤ �2 to +0.25 were found by Luck & Lambert (1982).

TABLE 3

METALLICITIES AS DERIVED FROM PHOTOMETRIC AND SPECTROSCOPIC VALUES OF

EFFECTIVE TEMPERATURE FOR DIFFERENT ELEMENT COMBINATIONS

Star J �K T eff (phot) Elements [M=H] T eff (spec) [M=H]

RS Oph . . . . . 0.75 4200 FeI 0.30 4400 0.11
0.75 4200 FeI+NiI 0.30 4400 0.11

0.75 4200 FeI+SiI 0.53 4400 0.26

0.75 4200 FeI+TiI 0.26 4400 0.09

T CrB . . . . . . 1.19 3400 FeI −0.12 3600 0.02
1.19 3400 FeI+TiI 0.02 3600 −0.06

TABLE 4

INPUT DATA FOR SINGLE LAYER MODELS OF NEUTRAL LINES

LINE
λ
(Å)

logW=λ
log gf

χexc

(eV)
χion

(eV)
RS Oph TCr B

Li I . . . . . 6707.80 −4.82 −4.54 0.18 0.00 5.39
Ca I . . . . . 6572.78 −4.67 −4.28 −4.29 0.00 6.11
Fe I . . . . . 6710.32 −4.78 −4.69 −4.88 1.48 7.87

NOTE.—For RS Oph, photometric metallicities include a correction
for EðJ�KÞ ¼ 0:39.

TABLE 5

DERIVED ABUNDANCES OF LI, CA, AND FE ON

THE SCALE OF logNðHÞ ¼ 12:0

ELEMENT LOG ABUNDANCE

sun T CrB RS Oph

Li . . . . . . . . . . . . . . . . 1.10 0.81 1.22
Ca . . . . . . . . . . . . . . . 6.36 6.66 5.84
Fe . . . . . . . . . . . . . . . 7.45 7.68 7.37
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In a large survey of G and K giants Brown et al. (1989) found a
few stars with logNðLiÞ ¼ 3:0. Most of those very Li-rich
K giants have been found to show IR excesses indicating recent
substantial mass-loss (Gregorio-Hetem et al. 1993). In a survey
of 145 giants of luminosity class II by Lebre et al. (2006) the
maximum value of logNðLiÞ of 25 stars with T eff < 4500
was 1.2.

A preferable comparison is with other symbiotic binaries. or
closely related stars. Of 43 symbiotic stars surveyed with the
Asiago Echelle spectrograph only T CrB and RS Oph show
the Li line. Twelve stars are seriously blended and in the remain-
ing stars the line is clearly absent. Of the 31 stars of types K, M,
or S the majority are of type M. Stars of type M3 and later show
substantial TiO in the 6700 Å region, but a line comparable in
strength to that seen in T CrB would easily have been seen. For
18 stars additional observations were obtained at a resolution of
48,000, but they also failed to show a recognizable Li line. A list
of symbiotics that do not show the Li line is presented in Table 6.
It appears that the strong Li line seen in T CrB and RS Oph is
indeed unusual, though an exception to this is the symbiotic
Mira V407 Cyg (Tatarnikova et al. 2003). It is interesting that
Li has been detected in the cool components of 5 X-ray binaries
and discussed most recently by Casares et al. (2007). All 5 stars
show logNðLiÞ≅2:2 and all have K-dwarf or subgiant compa-
nions. A search for Li in 8 cataclysmic binaries that show the
spectrum of the cool component in the 6700 Å region was not
successful (Martin et al. 1995). This may relate the recurrent
novae to the X-ray binaries, a sort of subgroup of the symbiotic
stars.

5. DISCUSSION

In this paper we have derived two important properties
of the red giant components of T CrB and RS Oph. First, they
appear to have a normal ratio of metals to hydrogen. This im-
plies that they have not reached the stage of having lost suffi-
cient mass that material enriched in He has risen to the
observable layers of their atmospheres. Second, they both show
an unusual abundance of Li for stars of type M, including sym-
biotics with M-type cool components.

The Li abundance is too high to be left over from their youth
on the main sequence. Most likely it has been produced recently
by the fusion of 4He and 3He and convected to the surface on a

timescale sufficiently short for the 7Be to reach the surface be-
fore decaying to 7Li, while still at a temperature that it can cap-
ture a proton (Cameron & Fowler 1971). There is a remote
chance that the Li seen in the two cool stars was captured at
the time of the previous nova explosion and has not yet been
convected down to where it can capture a proton.
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