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Abstract. We present optical spectroscopy and multi colour photometry of the old nova V840 Oph. We rediscovered the nova
based on its position in the colour–colour diagrams. It stands out as a very blue object with an additional red component. We
present the first optical spectroscopy of this candidate and confirm its nova character. Furthermore, V840 Oph has been found as
one of very few cataclysmic variables showing C IV emission atλ = 580/1 nm. From the analysis of the carbon lines it seems
probable that V840 Oph contains actually a carbon–rich secondary star. So far, only the nova–like QU Car has been known to
have such a companion. We furthermore find spectroscopic evidence that V840 Oph has a hot, dense accretion disc or stream
and is probably a magnetic system.
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1. Introduction

V840 Oph, a classical Galactic nova, has first been visible as
a star of 6.5 mag on Harvard photographs taken in May 1917
(Bailey 1920). It has been a fast nova with two very distinct
secondary maxima (Shapley 1921), and has been classified by
Duerbeck (1981) as Bb (decline with major fluctuations). He
also gave the value fort3 = 36 d which places V840 Oph among
the fast novae. Three stars are close to the position of the nova
and possible candidates for the nova remnant (Duerbeck 1987).

Several surveys have attempted to identify V840 Oph, but
without much success. No detection has been accomplished in
the 2mass second incremental data release (Hoard et al. 2002).
Munari & Zwitter (1998) performed spectrophotometric mea-
surements for 20 faint cataclysmic variables but V840 Oph has
been too faint to be included. Harrison & Gehrz (1994) have
observed several novae in four IR bands with IRAS and ob-
tained a detection of V840 Oph at 25µm. However, due to the
largeFWHM of the IRAS signal (the uncertainty of the coor-
dinates is 0.′5 for 25µm) source confusion is very likely, and
no unambiguous identification can be achieved in this crowded
field.

In the course of a long-term project investigating novae
with large outburst amplitudes, we have performed multi wave-
length photometry of the stars in the field of V840 Oph and in
particular of the three candidates for the nova. The aim was to
recover the nova via its colour characteristics and to confirm it
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spectroscopically. In a further investigation of the system, we
also analyse its spectroscopic peculiarities.

2. Observation and data reduction

The photometric data were obtained in one night on
2001-07-15 at the 1.54 m Danish telescope at ESO, La Silla,
using DFOSC. Spectroscopic observations were performed on
2002-04-20 and on 2003-02-28 using EFOSC2 at the 3.6 m
telescope at La Silla. In Table 1 the observational parameters
are summarised.

The standard reduction of the photometric data including
BIAS subtraction and flatfielding have been performed us-
ing IRAF. For the stellar photometry, the standalone pack-
ages of DAOPHOT and ALLFRAME have been used to per-
form aperture and PSF photometry of all stars in the observed
field. Only those stars with photometric uncertainties below
0.03 mag have been selected for further analysis. Photometric
calibration has been obtained with MIDAS using several stan-
dard stars selected from Landolt (1992).

The reduction of the spectroscopic data has been done
with IRAF only. The BIAS has been subtracted and the data
have been divided by a flat field, which was normalised by
fitting Chebyshev functions of high order. The spectra have
been optimally extracted (Horne 1986). Wavelength calibra-
tion yielded a final resolution of 0.92 nmFWHM for the
2002 data and 1.63 nmFWHM for the 2003 data. Flux calibra-
tion was performed only for the 2003 spectrum, using the spec-
trophotometric standard LTT 6248 which has been observed di-
rectly after the object with an airmass difference of 0.1. The
photometric error has been derived by comparing the three
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Table 1. All observations obtained for this research are listed with
their date, the instrument/telescope combination, the used filter or
grism and slit width, and the exposure time.

Date Instrument Filter or Grism/Slit Exp-time [s]

2001-07-15 DFOSC/1.54D U 900

2001-07-15 DFOSC/1.54D B 900

2001-07-15 DFOSC/1.54D V 600

2001-07-15 DFOSC/1.54D R 900

2001-07-15 DFOSC/1.54D I 900

2002-04-20 EFOSC/3.6 G9/1.5′′ 2× 1200

2003-02-28 EFOSC/3.6 G4/1.5′′ 3× 900

individual spectra and the photometry of the acquisition image
and is estimated as 0.2× 10−18 W m−2 nm−1.

For the further analysis of both the photometric and spec-
troscopic data, the MIDAS package and self–written routines
have been used.

3. The method of recovery

Cataclysmic variables are close, interacting binary systems,
comprising a white dwarf accreting mass from a Roche–lobe–
filling late–type star. Hence there are at least three different
physical components that provide the light observed from a
cataclysmic variable. Due to its size and high temperature, the
accretion disc or stream is generally the strongest in the optical
range. While the white dwarf contribution affects mainly the
UV range of the spectrum, the secondary late–type star con-
tributes on the red and infrared side.

The compound of these different physical components re-
sults therefore in very characteristic colour terms. Cataclysmic
variables appear as generally very blue objects with a shift to-
wards the red at longer wavelengths, depending on the strength
of the secondary in comparison to the accretion disc or stream.
In a colour–colour diagram, this quality places them on the blue
side but slightly above the main sequence.

Performing multi colour photometry on all stars within the
field of a suspected nova should therefore show the following
picture: the majority of the stars are gathered along a main se-
quence. The latter is shifted from the theoretical one according
to the mean interstellar reddening in the field, while the scatter
of the stars indicates the variation of the extinction within the
field. All candidates within the coordinate uncertainty of the
nova will be marked. Assuming that the interstellar reddening
of the nova is of the same order as the other field stars, it should
be located on the blue side above the main sequence defined by
the field stars, and can thus be identified.

4. Results and discussion

4.1. The nova candidate

Figure 1 shows a 1×1 arcmin close-up of theB image surround-
ing the nova position. The three stars that lie within the uncer-
tainty range of the nova coordinates are indicated by the same

Fig. 1. TheB–band finding chart shows the 1× 1 arcmin surroundings
of V840 Oph; north is up, east is left. The three possible candidates
for the old nova are indicated by the numbers that have been assigned
by Duerbeck (1987).

ID numbers as in Duerbeck (1987). In Table 2 the magnitudes
and colours of these three objects are given. Figure 2 gives the
colour–colour diagrams of all stars in the field with the three
candidates marked with their numbers. The field stars define
the main sequence, shifted and spread due to individual inter-
stellar reddening effects. The mean extinction in the field has
been determined asEB−V = 0.4± 0.15. Whereas candidates 2
and 3 lie within the bulk of field stars, candidate 1 clearly stands
out in these diagrams.

To verify our method, we took a first spectrum of this best
candidate. The result is plotted in Fig. 3. In spite of the low S/N,
the Balmer emission lines, typical for cataclysmic variables,
are clearly visible and thus confirm the photometric selection.
In addition, the nova character of this candidate is supported by
the presence of He IIλ5412, since this line is typically found
in nova remnants but not in dwarf novae or nova–like variables
(Warner 1995). We therefore conclude that candidate 1 is in-
deed the old nova V840 Oph.

4.2. The carbon content

The strong line of C IV atλ = 580.5 nm is very rare in cata-
clysmic variables. C IV is usually detected in the hot wind of
Wolf-Rayet stars, in planetary nebulae or during nova outburst
and is there assumed to originate from the expanding shell. In
the case of V840 Oph, however, the principal indicator for on-
going outflow, emission lines with a P Cyg profile, is not ob-
served. Furthermore, too much time has passed since the nova
outburst in 1917 for the nova shell to provide a significant con-
tribution, especially as it has been a very fast nova.

Although uncommon, C IV has been found before in qui-
escence novae like CP Pup (Williams & Ferguson 1983),
V603 Aql, V1500 Cyg, or HR Del (all in Ringwald et al. 1996),
in the nova–like variables PG 1012-03 (Williams & Ferguson
1983) and V Sge (Williams 1983), and most recently in QU Car
(Drew et al. 2003). However, in all these systems the C IV line
λ580/1 appears much weaker, the strongest one being the line
in QU Car with an equivalent width of 0.13 nm, which is still a
factor of five smaller than our detection in V840 Oph. However,
we have to consider this number with caution, since all
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Table 2.Position, magnitudes and colours for the three candidates are given with their photometric errors. The ID numbers are as in Fig. 1.

ID RA2000 Dec2000 V U − B B− V V− R V− I

1 16:54:43.92 −29:37:26.8 19.32(3) −0.72(2) −0.21(3) 0.40(3) 0.99(4)

2 16:54:44.07 −29:37:27.7 19.71(3) 0.43(6) 0.77(4) 0.40(4) 1.34(5)

3 16:54:43.85 −29:37:22.9 19.95(3) 0.27(7) 0.97(4) 0.98(4) 1.41(5)

Fig. 2. Colour–colour diagrams are plotted for the three nova candidates and the surrounding field stars. While candidates 2 and 3 lie close to
the main sequence (defined by the majority of field stars), the best candidate (No. 1) clearly stands out in all three diagrams.

Fig. 3. Spectrum of candidate No. 1. Its nova character is confirmed by the presence of typical nova emission lines. Noteworthy are the strong
He II line atλ = 541 nm and the presence of the C IV doublet atλ = 580/1 nm (not resolved).

emission lines in V840 Oph have a two to three times higher
equivalent width than in QU Car, which can easily be explained
by QU Car having a hotter continuum. Even taking this into
account, the strength of the C IV line in V840 Oph is still
remarkable.

Since C II and C III are common in most cataclysmic vari-
ables, there exist two possible scenarios, which can explain the
presence of a strong C IV emission in V840 Oph:

(1) The temperature of V840 Oph or in parts of this sys-
tem is extremely high, with the result that most of the carbon

present is actually ionised to C4+, and the observed C IV emis-
sion line results from the C4+ → C3+ recombination cascade.

(2) The total amount of carbon in V840 Oph is higher than
usual in these systems yielding corresponding high abundances
for all carbon ions.

The first scenario would show in rather weak C II
and C III lines and corresponding high ionisation ratios
of CIV/CII and CIV/CIII. The second scenario would show in
extremely strong C II and C III lines to keep the ionisation ra-
tios on a normal level in spite of the strong C IV line. Naturally,
a combination of both effects seems possible.
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Fig. 4. Flux calibrated spectrum of V840 Oph (candidate 1), obtained in February 2003. The spectra has not been corrected for reddening.
Apart from the high excitation lines already seen in the 2002 spectrum, the strong emission feature betweenλ = 460 and 475 nm (Bowen blend
and He II) attracts attention.

Table 3.Central wavelength and line flux as measured and dereddened
(same units) are given of the fitted lines and blends for all ions within
the 460–472 nm emission feature.

Ion λ F [10−18 W m−2] dereddened

He II 468.67 1.46± 0.1 4.03± 0.3

C IV 465.80 0.39± 0.5 1.60± 2.0

C III 464.95 0.68± 0.2 2.78± 0.8

N III 463.91 0.47± 0.5 1.92± 2.0

O II 465.43 0.10± 0.5 0.40± 2.0

To check on these possibilities, we have taken an additional
spectrum in the range 410 to 740 nm, which also includes the
Bowen blend (C III, C IV, N III) at 464 nm (see Fig. 4). Since
the transmission was stable during this night, we performed a
rough flux calibration for this spectrum. We used the photo-
metrically determined reddening ofEB−V = 0.4 to deredden
the spectrum. However, the resulting continuum slope ofλ−3.3

seems to be quite high. Since the nova as an intrinsically faint
object might be closer than the average of the field stars, and
the scatter in the colour–colour diagram and hence in the de-
rived extinction is quite high, we assume thatEB−V = 0.4 is
an upper limit for the nova extinction with the real value be-
ing probably lower. Hence, as a convention we have listed both
flux values – the ones as observed and the dereddened ones –
in the tables. In the further text, however, we refer to the values
as observed, if not stated otherwise.

We have modelled the Bowen emission feature by fit-
ting Gaussian profiles to the individual lines of the four
ion multiplets O II (8 lines), N III (3 lines), C IV (1 line),
and C III (3 lines) using the relative laboratory line strengths
and wavelengths from McClintock et al. (1975) for the compo-
nents within each multiplet. A common line width has been as-
sumed for the individual lines. Its value and the four heights of
the combined lines within one multiplet are the five parameters
to fit. Since He II at 468.6 nm is not completely separated from

Fig. 5. A detailed view on the Bowen blend and He IIλ469. Over
the original spectrum the fits to the five ions are plotted as dotted line
for N III, dashed line for C III, dash–dot line for C IV, dash–dot–dot
line for O II, and long dashes for He II. The overall fit is plotted as
thick dots.

the blend, we have included a fit to the He II part, keeping all
three Gaussian parameters free for this line. With the resulting
best fit values we rebuilt the multiplets of each ion separately
to compute itsFWHMand the flux contribution within. The re-
sults of these line–models are shown in Table 3 and Fig. 5. The
FWHM of the individual lines resulted in 2.5 ± 0.8 nm which
is in good agreement with the average measured for the other
lines in the spectrum (see Table 4).

Other evidence for the goodness of the fit comes from the
line strengths of C III and C IV. Both ions have a relatively
strong line in the observed part of the spectrum, additionally
to their contribution to the Bowen blend. The ratio of effec-
tive recombination coefficients for C IVλ466 and C IVλ580/1
is 1.67 (from Kingsburgh 1995). Scaling the C IVλ580/1 line
accordingly, one would expect a flux contribution of 0.4 ×
10−18 W m−2 of C IV to the Bowen blend, which is in
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Table 4.Equivalent widths, andFWHMof all identified emission lines in the 2002 and 2003 spectrum of V840 Oph. For 2003 also the line flux
as measured and dereddened (same units) is given. Note that the uncertainty of the line flux describes the uncertainty of the relative flux in the
line and does not include the photometric error.

April 2002 February 2003

Transition FWHM [nm] −W [nm] FWHM [nm] −W [nm] F [10−18 W m−2] dereddened

Hα 2.44± 0.03 1.55± 0.15 3.18± 0.03 1.66± 0.05 0.92± 0.04 2.28± 0.10

Hβ 2.15± 0.08 1.35± 0.12 2.45± 0.05 1.51± 0.06 1.37± 0.04 5.22± 0.15

Hγ 2.63± 0.08 1.58± 0.06 1.84± 0.04 8.30± 0.18

He Iλ668 <0.1 3.20± 0.50 0.27± 0.10 0.15± 0.10 0.36± 0.24

He Iλ588∗ <0.1 >1.50 >0.12 >0.08

He Iλ447 2.47± 0.08 0.38± 0.05 0.42± 0.03 1.82± 0.13

He II λ541 1.74± 0.07 0.4± 0.1 2.55± 0.04 0.61± 0.05 0.45± 0.03 1.43± 0.09

He II λ469∗∗ 2.16± 0.15 1.50± 0.07 1.45± 0.05 5.84± 0.20

He II λ454 2.47± 0.08 0.37± 0.05 0.40± 0.04 1.69± 0.17

C III λ570 <0.1 2.57± 0.30 0.30± 0.04 0.21± 0.02 0.62± 0.06

C IV λλ580/1 1.71± 0.02 0.7± 0.1 2.46± 0.04 0.96± 0.03 0.65± 0.02 1.89± 0.06

Bowen blend∗∗ 3.21± 0.15 1.64± 0.07 1.64± 0.05 6.70± 0.20

∗ This He I line is disrupted by the nearby Na absorption line.
∗∗ The properties have been derived by fitting five ion components to these blended lines (see text and Fig. 5).

perfect agreement with our results (Table 3). For C III, the ratio
of C III λ570 flux and C IIIλ465 flux from laboratory spectra
is 0.32. Scaling the fitted value ofF = 0.68 × 10−18 W m−2

accordingly, the flux in C IIIλ570 is expected around 0.22×
10−18 W m−2, which is within the errors of the found value (see
Table 4). For the N III contribution, no such confirmation ex-
ists, since all other strong N III multiplets are blended with ei-
ther Hβ, He II, or Hγ. At 451 nm a small emission is seen but
the noise in this part of the spectrum is too high for a trustwor-
thy detection of this weak feature. Small peaks are also found
for the N III multiplet around 646 nm but the identifications are
dubious due to blending with several Fe II multiplets in this re-
gion. The low contribution of O II to the blend is confirmed by
the absence of features at 459.3 nm and 470.5 nm.

The total flux in the Bowen blend sums up to 1.64 ×
10−18 W m−2, which is slightly higher than the flux of He II
at 468.6 nm. So far, QU Car has been the only known cata-
clysmic variable where the emission from the Bowen blend is
comparable to the He II emission at 468.6 nm. In V840 Oph,
about two thirds of this flux are contributed by carbon emission
with C III being about twice as strong as C IV. C III and N III
contribute in a ratio of about 3 to 2, while the O II emis-
sion is negligible. This appearance is similar to what has been
found in QU Car (Gilliland & Phillips 1982) with nitrogen be-
ing slightly more pronounced in V840 Oph. Accordingly, fluo-
rescence via the Bowen mechanism can probably be discarded
as major excitation mechanism, whereas an enhancement of the
CN abundance seems more likely to explain the strength of this
feature.

Although high, the ratio of C IVλλ580/1 to the nearby
He IIλ541, which is 1.5 for V840 Oph, is lower than the
3.5 measured for QU Car (Drew et al. 2003) and V840 Oph
might hence be more similar to V Sge where a ratio of 1.3

has been found by Herbig et al. (1965) although values
of 0.4 have also been reported (Williams 1983). However, for
V840 Oph, this ratio is certainly affected by the extremely
strong He IIλ541 line which in V840 Oph is only a fac-
tor three fainter than He IIλ468. Comparing instead the ra-
tio C IV λλ580/1 to He IIλ468 we get 0.5 for V840 Oph which
is slightly higher than for QU Car.

To better understand the abundances of the different ions
and their excitation mechanism, the study of UV–spectra
will be necessary. Additional time–resolved spectroscopy of
the C IV and C III lines could help to clarify the location of
the carbon emission source within the system.

So far, one can certainly conclude that the strength of the
Bowen blend as well as the strength of He II hints towards a
higher than solar metallicity in the accreted matter. Therefore
the secondary in V840 Oph must be an evolved star. Hence, the
overabundance of carbon, similar to QU Car, can be similarly
explained by assuming a secondary carbon star.

Further evidence for a carbon star secondary might come
from signatures of the secondary in the spectrum of V840 Oph.
To search for these features, we have fitted aλα power law to
the blue part of the spectrum, leaving out the line features. For
the dereddened spectrum, we deriveα = 3.303(3). After sub-
tracting this slope from the spectrum we derive the flat spec-
trum plotted in Fig. 6. Only a slight enhancement is found at
the red end that could be due to the red continuum of the sec-
ondary but might also be and artificial fit residual. Three ab-
sorption features (Na and two unidentified bands as marked in
Fig. 6) are found that are also present in the 2002 data and
that we hence concluded to be real, although the two bands are
just visible above the noise and we cannot derive their strength.
Furthermore, the Na line might partly be interstellar. However,
if all the Na was interstellar, its observed equivalent width
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Fig. 6. Result of subtracting aλ−3.3 slope from the dereddened spectrum of V840 Oph. The identified emission lines and those absorption
features that are also present in the 2002 data are marked.

of 0.19(4)nm, which can be considered as a lower limit since
the line is partly filled up by the nearby He I 587.6 emission,
would yield an extinction ofEB−V > 1.7 (Zwitter & Munari
1998) which is certainly too high. To match the photometrically
derived reddening ofEB−V = 0.4, at least half of the equivalent
width has to be due to stellar absorption.

In an attempt to match the absorption features we find that
late type K–stars as well as M–stars show deep TiO bands with
respect to the features present in our data which then should be
visible in the red part of the spectrum. Very early type K–stars
as well as G–stars do not have such a pronounced Na (589 nm)
doublet as to account for what is observed in the spectrum
of V840 Oph. Although spectroscopic observation in the NIR
are needed to improve the classification, we tentatively con-
clude that the secondary is best represented by a mid–type
K–star. This is comparable to what has been found for QU Car,
where a late R–star has been suggested as secondary (Drew
et al. 2003).

4.3. Other results from the spectral analysis

In Table 4, the equivalent width andFWHM in both data sets
are listed for all identified emission lines. For the 2003 data also
the line fluxes as observed and dereddened withEB−V = 0.4 are
given. With values around 2.0 nm, theFWHM is quite narrow
for a cataclysmic variable. This might indicate that the system
is seen at a low inclination.

A rough comparison of the features already reveals an in-
teresting finding: the equivalent widths of all lines common in
both spectra are systematically higher in the 2003 data than
in 2002. Furthermore, although faint, He I is present in this
spectrum atλ = 588 nm andλ = 668 nm which were not de-
tected in 2002. Both these facts indicate that either V840 Oph
was in a higher accretion state during the 2002 observation
compared to 2003, or there is a dependence of the spectral fea-
tures on the orbital phase. With the present data we can not
decide between these possibilities.

In order to derive information on the possible tempera-
ture range of V840 Oph, we have measured the Balmer decre-
ment, which is defined as ratio of line intensities Hα:Hβ:Hγ. We
have computed the ratios of line fluxes of Hα and Hγ over Hβ
for the 2003 data set and derive Hα/Hβ = 0.67 (0.45 dered-
dened) and Hγ/Hβ = 1.34 (1.59). Allowing for the fact that
the reddening might be over–corrected, the uncorrected data
still yield a limit for the Balmer decrement and an accordingly
lower limit for the temperature and density. This highly in-
verted Balmer decrement indicates that the line emission has
its origin in a hot and dense environment. A comparison of the
lines as observed (without reddening correction) with model
data from Williams (1991) shows indeed that the derived val-
ues do not fit in his grid, which is computed for temperatures up
to 15 000 K, but that an extrapolation towards higher tempera-
tures above 30 000 K is necessary to match both ratios and the
equivalent widths of the lines. Similar high temperatures are
necessary to explain the strength of He II compared to the lack
of He I. At least 20 000 K are estimated for the line–emitting
region to maintain the He ionisation.

The presence of high excitation lines and especially the
high ratio HeIIλ468/Hβ ≈ 1.0, the absence of He I in the
2002 data and its weakness in 2003, and the visibility of ab-
sorption lines of the secondary, suggest V840 Oph to be a mag-
netic system with no or only a very weak disc. This is sup-
ported by the inverted Balmer decrement which also points to-
wards a magnetic classification (see e.g. Schachter et al. 1991;
Ferrario & Wehrse 1999). However, the lack of any pronounced
cyclotron lines in the observed part of the spectrum indicates
that the magnetic field can only be of moderate strength.

5. Summary

Using multi colour diagrams for a first selection and optical
spectroscopy for the final confirmation we could identify the
classical nova V840 Oph with an object ofV = 19.m32 at the
positionα = 16h54m43.s9, δ = −29◦37′27′′ (J2000).
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The spectrum of V840 Oph contains an unusually strong
C IV emission atλ = 580/1 nm. Furthermore the Bowen blend
is strong and carbon–dominated. We have concluded that sim-
ilar to QU Car, the spectral features are best explained by as-
suming a carbon star as secondary.

V840 Oph is probably a low inclination system. This highly
inverted Balmer decrement and the presence of high excitation
lines suggest the system to have extremely high temperatures
above 30 000 K. We furthermore find spectroscopic similari-
ties to magnetic old novae, suggesting a corresponding scenario
for V840 Oph. More detailed investigations of this system are
desirable to confirm its nature.
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