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Abstract. KT Mon has been considered as a classical nova in 1942 based on its light curve and spectroscopy. However, we
noticed a unusual feature for a nova soon after its maximum: the early presence of high excitation emission lines such as HeII
and NIII. We propose previously overlooked interpretations that KT Mon can be either a WZ Sge-type dwarf nova and an X-ray
transient, although the possibility of an unusual or a recurrent nova is not completely excluded. If KT Mon is a WZ Sge-type
dwarf nova, the system is expected to have a brown dwarf secondary. If KT Mon is an X-ray transient, the system is a good
candidate for the nearest black-hole binary. Within our knowledge, the observed features seem to more strongly support the
latter possibility. In all possibilities, we can expect a recurrent outburst in meaningfully near future.
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1. Introduction

KT Mon (Nova Mon 1942) was discovered by A. N. Vyssotsky
on a Harvard plate taken on 1943 January 2. The object was first
recorded at mpg = 10.3 on 1942 December 30. Gaposchkin
(1954) presented a light curve and a description of a spec-
trum taken by Vyssotsky on the discovery plate. According to
Gaposchkin (1954), the object rather rapidly faded (2 mag in
27 d). The object was fainter than mpg = 13.35, 13.9 d prior
to the first positive record on 1942 December 30. Gaposchkin
(1954) described the low-resolution spectrum by Vyssotsky
as “broad bright lines Hβ, Hγ, Hδ, 4686 HeII and 4640
NIII”. From these findings, Gaposchkin (1954) concluded that
KT Mon is a nova. Duerbeck (1987) classified the object as an
established moderately fast nova.

However, several authors have noted the peculiarity of
KT Mon. Payne-Gaposchkin (1977) deduced the distances of
past novae, and found three stars (KT Mon, CG CMa and
WX Cet) are more than 15 kpc distant from the Galactic
Center. The two objects in this list, CG CMa (Kato et al. 1999;
Duerbeck et al. 1999) and WX Cet (Bailey 1979; O’Donoghue
et al. 1991; Kato et al. 2001) are now established to be SU
UMa-type dwarf novae (For a recent review of dwarf novae
and SU UMa-type dwarf novae, see Osaki 1996 and Warner
1995, respectively.) Regarding KT Mon, Payne-Gaposchkin
(1977) described that “KT Mon: whose spectrum ob-
served by Vyssotsky, and whose light curve obtained by
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Gaposchkin (1954) place it unequivocally as a nova” and sug-
gested that “further study might find KT Mon to be recurrent”
based on this unusual distance estimate. Similar long-distance
estimates have been given in Warner (1987); Shafter (1997).
No quiescent counterpart has been reported down to mag 20
(Duerbeck 1987).

2. Overlooked unusual features of KT Mon

In addition to the unusually long distance estimate (Payne-
Gaposchkin 1977), which originally questioned the classical
nova-nature of KT Mon, we further noted a previously over-
looked peculiarity from the available material.

The early presence of high excitation lines, particularly
HeII λ4686 and NIII λ4640, is unusual for typical develop-
ment of nova spectra (Payne-Gaposchkin 1957; Bode & Evans
1989; Williams 1992), since strong appearance of NIII λ4640
Bowen brend requires high-energy photons (van Paradijs &
McClintock 1995). Such a condition is hard to achieve during
the early stage of a classical nova outburst when thermal emis-
sions from a lower (∼104 K) temperature expanded atmosphere
of the white dwarf dominates. High-excitation emission lines
can appear when the contracting nova (pseudo)photosphere
reaches Teff ∼ 2.5 × 104 K (see e.g. Bode & Evans 1989
Chap. 5), which then produces sufficient high-energy UV pho-
tons. This condition is expected to be achieved at ∼2.5 mag be-
low the optical maximum, which agrees with the general obser-
vational records (Williams et al. 1994). From an examination
of photographic records of past nova spectra, these lines were
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reported to appear at around 4 mag below the optical maxi-
mum. Only a few very fast novae (e.g. V2487 Oph, Filippenko
et al. 1998) and fast recurrent novae (e.g. U Sco, Sect. 3.1)
are known to exhibit these high-excitation lines soon after their
maxima, which are presumably caused by an unusually thin
ejecta. Since the decline rate of KT Mon was not particularly
fast, this object apparently did not achieve this condition at the
time of Vyssotsky’s observation.

A relatively large (∼1.5) color index (blue-red) inferred
by Gaposchkin (1954) also needs to be reexamined. Taking
into the recent observation of Hα flux of post-outburst novae
(Ciardullo et al. 1990) into account, the contribution of the Hα
line to the R band is estimated to ∼1.0 mag. Although much
of the originally reported color index was tentativity attributed
to interstellar reddening in interpreting KT Mon as being a
classical nova (Payne-Gaposchkin 1977; Shafter 1997), a more
recent estimate of the maximum reddening in this direction
E(B−V) = 0.545 or AV = 1.806 (Schlegel et al. 1998) suggests
that the observed color more strongly reflects the contribution
of the Hα emission line. If the ejecta was indeed unusually thin
as in recurrent novae, the contribution of the Hα line, however,
might be insufficient (cf. Sekiguchi et al. 1988) to explain the
overall color index.

3. New interpretations

In recent years, more categories of eruptive objects have been
identified to show high-excitation emission lines during their
early stage of outbursts: U Sco-type recurrent novae (Rosino
& Iijima 1988; Sekiguchi et al. 1988; Iijima 2002), WZ Sge-
type dwarf novae (Baba et al. 2002; Kuulkers et al. 2002) and
X-ray transients (Tanaka & Shibazaki 1996; van Paradijs &
McClintock 1995). Considering the strong expected impact if
KT Mon indeed belongs to any of these objects, we further ex-
amine these possibilities.

First of all, we have performed the prenova search
with available plate scans (the DSS1 red, the DSS2 red,
blue, infrared) and available catalogs in the VizieR ser-
vice. Gaposchkin (1954) gave a position of nova as
6h19m58.s8, +5◦29′46′′ (equinox 1900), which precesses
to 6h25m18.s9, +5◦26′28′′ (J2000.0). Duerbeck (1987) re-
examined the Harvard plates and give the position as
6h25m18.s46, +5◦26′31.′′7. Duerbeck (1987) further indicated
that the identification by Khatisov (1971) (who used the crude
GCVS position for identification) with a GSC-cataloged star
having position end figures 19.s69, 32.′′88 (GSC 2.2.1) is incor-
rect. Taking this indication into consideration, the position of
Duerbeck (1987) must have an accuracy better than 10′′. We
confirmed that there is no promising optical, IR, and X-ray
counterpart within 10′′ from the Duerbeck (1987) position.
We have thus confirmed the safe upper limit of the quiescent
KT Mon to be V = 20.

3.1. Recurrent nova?

This possibility was originally considered by Payne-
Gaposchkin (1977), but has been overlooked to date. Since
the outburst amplitude of KT Mon is larger than 10, we can

safely exclude the possibility of a recurrent nova with a giant
secondary (Anupama & Mikolajewska 1999). The remaining
possibilities are a U Sco-like object or an IM Nor/CI Aql-like
object (Kiss et al. 2001; Matsumoto et al. 2001; Kato et al.
2002b). The former class represents extremely rapidly evolv-
ing novae and the latter slower ones. The reported light curve
of KT Mon (Gaposchkin 1954) (decline by 2 mag in 27 d)
more suggests the latter class. However, the spectroscopic
feature of KT Mon (presence of the HeII emission line) does
not resemble the early spectra of IM Nor and CI Aql (see Kiss
et al. 2001; Matsumoto et al. 2001), which did not show high
excitation lines. Since the difference between these classes can
be primarily attributed to the mass of the white dwarf (Hachisu
et al. 2000a; Hachisu & Kato 2001), there still remains the
possibility that KT Mon is essentially a U Sco-type object,
with a slightly less massive white dwarf.

Based on modern calculations (Hachisu et al. 2000a, b), the
optical maximum of U Sco corresponds to MV = −6.4 ± 0.4.
By assuming 0 ≤ AV ≤ 1.8, and the same peak maximum MV

as in U Sco, the range of acceptable distance of KT Mon be-
comes 6 ≤ d ≤ 26 kpc. This range can only slightly reduce
the Galactocentric distance questioned in Payne-Gaposchkin
(1977). Even if the distance is acceptable, the upper limit qui-
escent MV = +3.3 ± 0.4 is hard to accept for a recurrent nova
which requires a high accretion rate (Hachisu et al. 2000b). If
KT Mon is indeed a recurrent nova, there is a need for a special
unidentified mechanism to reduce the quiescent luminosity.

3.2. WZ Sge-type star?

It has been now widely demonstrated that some of WZ Sge-
type dwarf novae show strong HeII and CIII/NIII emission
lines during their outbursts. There properties are not inconsis-
tent with the existing observation of KT Mon. Since KT Mon is
3.3 mag fainter than WZ Sge at maximum, a reasonable upper
limit of d ≤ 200 pc can be derived from the recent distance es-
timate of WZ Sge (45 pc, J. Thorstensen 2001, cited in Steeghs
et al. 2001). If this interpretation is correct, the quiescent upper
limit of KT Mon corresponds to MV = +13.5. This value is not
inconsistent with a recent example of a very faint WZ Sge-type
object (van Teeseling et al. 1999). Although an argument exists
regarding the distance of V592 Her itself (Kato et al. 2002a),
MV = +13.5 is not incompatible with a combination of a bi-
nary with a cool white dwarf and a brown dwarf (van Teeseling
et al. 1999). If KT Mon belongs to WZ Sge-type dwarf novae,
this object is a strong candidate for a close binary containing a
brown dwarf.

This interpretation may seem to show a difficulty in inter-
preting the reported large color index (Gaposchkin 1954) in its
late-stage light curve. In recent years, however, WZ Sge-type
dwarf novae can become exceptionally red (B − R ∼ +1.0 has
been reported, see e.g. Patterson et al. 1998) during the late
stage of their outbursts. This red color may explain some part of
the color index reported by Gaposchkin (1954). WZ Sge-type
dwarf novae are found to frequently show “rebrightenings”. In
WZ Sge itself, such rebrightenings with amplitudes of 1–2 mag
(Ishioka et al. 2002). Since these rebrightenings show a very
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rapid rise and fall, a scatter in the fragmentary light curve in
Gaposchkin (1954) may reflect such a phenomenon.

We also note that V4338 Sgr (Nova Sgr 1990), with simi-
lar spectroscopic characteristics to those of KT Mon, has been
classified as a possible WZ Sge-type dwarf nova (Wagner et al.
1990).

3.3. X-ray transient?

The presence of strong Balmer and HeII and CIII/NIII emis-
sion lines is also very characteristic to X-ray transients (mostly
black-hole candidates; see comprehensive reviews van Paradijs
& McClintock 1995; Tanaka & Lewin 1995; White et al. 1995).
It will be noteworthy that the X-ray transient V404 Cyg =
GS 2023+338 (Wagner et al. 1991; Casares et al. 1991) had
been considered to be a classical nova based on its 1938 out-
burst observation (Duerbeck 1987). KT Mon therefore can be
an X-ray transient. In particular, the description of the spec-
trum closely agrees to that of V404 Cyg (Wagner et al. 1991).
The decline rate (0.07 mag d−1, see Gaposchkin 1954) is not
inconsistent with the statistics of optical properties of X-ray
transients (Chen et al. 1997). Since the optical maximum of
KT Mon is 0.9 mag brighter than that of the closest “classi-
cal” X-ray transient V616 Mon (d = 1.4 kpc, Esin et al. 2000),
this interpretation would bring KT Mon to d ∼1 kpc. This pos-
sibility makes KT Mon a candidate for a closest black-hole
binary. Although a different distance can be acceptable con-
sidering wide diversity of properties of X-ray transients (Chen
et al. 1997; Mirabel et al. 2001), the strong presence of HeII
and CIII/NIII emission lines is more consistent with a high-
luminosity X-ray transient. The distance d ∼1 kpc corresponds
to a quiescent upper limit of MV = +10. This value is not in-
consistent with a short-period system accreting at a very low
quiescent accretion rate (cf. van Paradijs & McClintock 1994,
1995). The reported color index is mildly consistent with the
reported reddening of V616 Mon E(B− V) = 0.35−0.9, Marsh
et al. 1994) combined with the redder color during the late stage
of outbursts of X-ray transients (e.g. King et al. 1996).

4. Summary

KT Mon has been considered as a classical nova in 1942 based
on its light curve and spectroscopy. However, we noticed a pre-
viously overlooked unusual feature: the early presence of high
excitation emission lines such as HeII. We examine three new
possibilities (recurrent nova, WZ Sge-type dwarf nova, X-ray
transient). We have found that the possibilities of a WZ Sge-
type dwarf nova or an X-ray transient are more consistent with
the modern knowledge, although the possibility of a recurrent
nova (or a nova with an unusual spectroscopic evolution) is not
completely excluded. If KT Mon is a WZ Sge-type dwarf nova,
the system should have a brown dwarf. If KT Mon is an X-ray
transient, the system is a good candidate for the nearest black
hole. In all possibilities, we can expect a recurrent outburst in
meaningfully near future (10–100 yr depending on the classi-
fication). Detailed observations during the possible next out-
burst, as well as deep quiescent observations, for this obscure
object are strongly recommended.
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Objects, ed. B. T. Gänsicke, K. Beuermann, & K. Reinsch (San
Francisco: ASP), 443

Marsh, T. R., Robinson, E. L., & Wood, J. H. 1994, MNRAS, 266,
137

Matsumoto, K., Uemura, M., Kato, T., et al. 2001, A&A, 378, 487
Mirabel, I. F., Dhawan, V., Mignani, R. P., Rodrigues, I., &

Guglielmetti, F. 2001, Nature, 413, 139
O’Donoghue, D., Chen, A., Marang, F., et al. 1991, MNRAS, 250,

363
Osaki, Y. 1996, PASP, 108, 39
Patterson, J., Kemp, J., Skillman, D. R., et al. 1998, PASP, 110,

1290
Payne-Gaposchkin, C. 1957, The Galactic Novae (North-Holland:

Amsterdam)
Payne-Gaposchkin, C. 1977, in Novae and Related Stars, ed.

M. Friedjung (Dordrecht: D. Reidel Publishing Company), 3



632 T. Kato and H. Yamaoka: Is KT Mon a classical nova?

Rosino, L., & Iijima, T. 1988, A&A, 201, 89
Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 500, 525
Sekiguchi, K., Feast, M. W., Whitelock, P. A., et al. 1988, MNRAS,

234, 281
Shafter, A. W. 1997, ApJ, 487, 226
Steeghs, D., Marsh, T., Knigge, C., et al. 2001, ApJ, 562, L145
Tanaka, Y., & Lewin, W. H. G. 1995, in X-Ray Binaries, ed. W. H. G.

Lewin, J. van Paradijs, & E. P. J. van den Heuvel (Cambridge:
Cambridge University Press), 126

Tanaka, Y., & Shibazaki, N. 1996, ARA&A, 34, 607
van Paradijs, J., & McClintock, J. E. 1994, A&A, 290, 133
van Paradijs, J., & McClintock, J. E. 1995, in X-Ray Binaries, ed.

W. H. G. Lewin, J. van Paradijs, & E. P. J. van den Heuvel
(Cambridge: Cambridge University Press), 58

van Teeseling, A., Hessman, F. V., & Romani, R. W. 1999, A&A, 342,
L45

Wagner, R. M., Bertram, R., Starrfield, S. G., et al. 1991, ApJ, 378,
293

Wagner, R. M., Starrfield, S. G., & Austin, S. 1990, IAU Circ., 5008
Warner, B. 1987, MNRAS, 227, 23
Warner, B. 1995, Ap&SS, 226, 187
White, N. E., Nagase, F., & Parmar, A. N. 1995, in X-Ray Binaries,

ed. W. H. G. Lewin, J. van Paradijs, & E. P. J. van den Heuvel
(Cambridge: Cambridge University Press), 1

Williams, R. E. 1992, AJ, 104, 725
Williams, R. E., Phillips, M. M., & Hamuy, M. 1994, ApJS, 90, 297


