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Abstract. We present modeling and analysis of the ejecta of nova V723 Cas based on diffraction-limited IR spectroscopic data from
Keck-OSIRIS, with adaptive optics. The 3D photoionization models include the shell geometry taken from the observations and an
anisotropic radiation field, composed by a spherical central source and an accretion disk. Our simulations indicate revised abundances
log(NAl /NH ) = −5.4, log(NCa /NH ) = −6.4 and log(NS i /NH ) = −4.7 in the shell. The total ejected mass was found as Me j = 1.1 × 10−5
M and the central source temperature and luminosity are T = 280, 000 K and L = 1038 erg/s.
Resumo. Nós apresentamos modelos e análises da ejeção da nova V723 Cas baseados em dados de espectroscopia no IV no limite
de difração do Keck-OSIRIS, com óptica adaptativa. Os modelos de fotoionização 3D incluem a geometria do envelope, construída
a partir das observações, e um campo anisotrópico de radiação, composto por uma fonte central esférica e um disco de acreção.
Nossas simulações indicam os valores revisados de abundâncias log(NAl /NH ) = −5.4, log(NCa /NH ) = −6.4 e log(NS i /NH ) = −4.7 no
envelope. A massa total ejetada obtida é Me j = 1.1 × 10−5 M e a temperatura e a luminosidade da fonte central são T = 280, 000 K e
L = 1038 erg/s.
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1. Introduction
V723 Cas is a classical nova, detected in 1995 (Hirosawa et al.
1995). It presented a slow magnitude decay, with t3,V = 173
days (Ohshima et al. 1995), and the longest nuclear burning activity registered for novae. The X-rays observations suggested
an extremely hot central source for this object (Ness et al. 2015),
and the optical spectra indicated overabundance of neon (Iijima
2006). Along with these peculiarities, V723 Cas also presented
spectral features consistent with a complex geometry shell that
were later confirmed by spatially resolved spectroscopy in IR
(Lyke & Campbell 2009). These observations were performed
with Keck-OSIRIS near-infrared integral field spectrograph and
an adaptive optics module from 2005 to 2008. Our models are
mainly based on the 2008 data, when the nova was in the nebular stage.

2. Photoionization models
The Keck-OSIRIS data showed distinct shell morphologies for
different emission lines, as shown in figure 1. Overall, the shell
is formed by two main structures: an equatorial torus and polar
nodules. For the [Si VI] 1.963µm and [Ca VIII] 2.321µm bands,
the torus is more prominent, and for the [Al IX] 2.044µm, the
polar emission is stronger. This anisotropy in the ionizing radiation field can be explained by the restoration of the accretion
disk. Therefore, we have added a disk-shaped ionizing source to
our models.
The fluxes and distances used in the models were taken from
the Keck data and the temperature and luminosity of the central
source were limited by the X-rays observations, with 2.8 × 105 ≤
T eff ≤ 3.8 × 105 K and 5 × 1036 ≤ L ≤ 2 × 1038 erg/s (Ness
et al. 2008). The abundances were obtained from optical (Iijima
2006) and IR spectra (Evans et al. 2003).
To perform our photoionization models, we used RAINY3D
code (Moraes & Diaz 2011), which runs Cloudy (Ferland et al.
2013) as a subroutine. In RAINY3D we were able to include the
complex 3D geometry of gas distribution observed in Keck data

(torus + polar nodules + clumps) and the ionizing radiation field
composed by both spherical and disk-shaped components.

3. Results
The 3D simulations indicate that V723 Cas central source
achieved L = 1038 erg/s and T eff = 280, 000 K in 2008,
higher values than the ones obtained with isotropic radiation
field. These values are needed to reproduce the order of magnitude of the permitted line fluxes. Using the initial assumptions of
Al, Si and Ca abundances, we could not reproduce the forbidden
lines fluxes or the lines flux ratios. Therefore, we assumed that
those abundances were underestimated, and we ran new models
with higher values. The set of abundances that best fitted the observational fluxes are log(NAl /NH ) = −5.4, log(NS i /NH ) = −4.7
and log(NCa /NH ) = −6.4. The line fluxes ratios for this model
are displayed in table 1.
The resulting projection of each line emissivity is displayed
in figure 2. For the H line, it is not possible to exactly compare
the 2D observations to the modeled projection because of the
line self-absorption in the cloud. For [Si VI] and [Ca VIII] lines,
the ring and polar caps can be noticed in both observed images
and model projections. For the [Al IX] line, there is a bright
emission from the polar caps, that also is present in both model
projection and observed image.

4. Conclusions
Our RAINY3D photoionization models based on Keck-OSIRIS
data indicate that V723 Cas had an ionizing source with both
spherical and disk components, with a substantial contribution
the disk-like source being essential to match the 2d observations.
A high temperature 280, 000K central source is found for this
nova and the total luminosity approaches the Eddington limit
L = 1038 erg/s. The models also suggest higher values for Al,
Ca and Si abundances than previous literature findings, being
log(NAl /NH ) = −5.4, log(NCa /NH ) = −6.4 and log(NS i /NH ) =
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Table 1. Integrated fluxes ratios for Al, Si and Ca lines in the best fit 3D model

Observed
Modeled

FS i /F Brγ
1.2
1.0

F Al /F Brγ
1.4
1.3

FCa /F Brγ
6.8
6.2

F He /F Brγ
0.4
0.5

F Al /FS i
1.2
1.3

FCa /FS i
5.9
6.1

Figure 1. (a) Keck-OSIRIS data from 2005 to 2008 in 4 narrow bands (Lyke & Campbell 2009). The different morphologies from each narrow
band are explained by an anisotropy of the ionizing radiation field. (b) 3D shell geometry used in RAINY3D models.

Figure 2. Best-fit model 2D surface brightness distributions.

−4.7. We estimated the total ejected shell mass in Mshell = 1.1 ×
10−5 M .
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