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Abstract

Classical Novae(CNe) outbursts are violent thermonuclear explosions aris-
ing on the surface of white dwarfs in close binary systems and are contributors
to the chemical evolution of the interstellar medium through the production
and ejection of copious amounts of metal rich material. Observations and mod-
eling of CNe eruptions illuminate numerous fundamental processes of astro-
physical interest, including non-equilibrium thermonuclear runaway, radiative
processes in dynamic nebular environments, binary star interaction, mass loss
from red dwarfs, molecule formation, dust condensation and dust growth.

This thesis concentrates on studying the novae near their optical maximum
brightness, the temporal evolution of the early decline phase and investigating
the physical properties of the underlying binary system. The results that
emerged from the extensive studies of three novae, viz., V5579 Sagittarii, V496
Scuti and KT FEridani are presented. Of these three novae, V5579 Sgr and
V496 Sct are of Fe II class while the third nova KT Eri is of He/N class.
The system parameters like the distance to the nova, absolute magnitude,
expansion velocity of the ejecta, mass of the ejecta and gas to dust ratio are
calculated.

The nova V5579 Sgr showed pre-maximum rise lasting for about 5 days it
was possible to obtain near infrared observations near its optical maximum.
The spectra near peak brightness show strong P Cygni signatures. The black-
body fit to the spectral energy distribution of the optical and near infrared
data during the fireball phase near optical maximum is consistent with the A
- F spectral type pseudo-photosphere usually displayed by novae at outburst.
The optical light curve showed a sharp fall about 15 days after the optical
maximum indicating the onset of dust formation. The formation of dust in
V5579 Sgr is consistent with the presence of emission lines of elements with low
ionization potentials like Na and Mg in their early spectra. The early presence
of such low ionization potential lines has been suggested as likely indicators of
dust formation in the expanding nova ejecta at later times. With ¢, = 8 days,

V5579 Sgr is one of the few fast Fe II classes of novae that formed dust.
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The highlight of our study of V496 Sct is the detection of the rarely observed
CO first overtone emission bands of CO. The formation of molecules in nova
ejecta is expected to begin before the dust formation epoch. Though the dust
formation has been observed in several Fe II class novae the CO detection has
been done in very few novae. The CO bands have been modeled, assuming the
CO gas to be in thermal equilibrium, to estimate the mass of the CO gas in the
ejecta and the temperature of this emitting gas. In addition the 2C/*3C ratio
was estimated and compared with the model predicted values. The subsequent
observations have detected the formation of dust in V496 Sct. In addition the
evolution of optical spectra has also been studied using the data by Italian
group made available as part of the collaborative efforts to study novae.

The He/N class nova KT Eri, which has been proposed as a possible re-
current nova on the basis of its similarity with the observed properties of RS
Oph, was observed during the first 100 days following its discovery and evi-
dence for high velocity bi-polar flow is presented. With its location at galactic
latitude of -32 deg, KT Eri is one of the very few novae discovered at such
high galactic latitudes. The nature of progenitor of KT Eri has been studied
using the pre-discovery optical and near-infrared photometric data. The spec-
tral energy distribution shows a power law dependence with a spectral index
of 1/3 suggesting an accretion disk as the source of this continuum radiation.
The evolution of post-outburst continuum radiation over an extended infrared
spectral range using the WISE data was done and it shows a departure from
the expected free-free phase following its fast decline.

The research work presented in this thesis is based on the photometric
and spectroscopic observations of selected novae discovered during the period
2008 to 2010. The near-infrared observations were obtained from the 1.2m
telescope at Mt. Abu Infrared Observatory of Physical Research Laboratory,
Ahmedabad using the near-infrared camera/spectrograph (PRLNIC). The op-
tical photometric data from the archives of American Association of Variable

Star Observers (AAVSO) were used to generate the light curves of the novae.
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