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Abstract. We study the evolution of V339 Del (Nova Del 2013) during 0.837ddys after
discovery. Spectra from the Liverpool Telescope were collected and analysed vel€inity

of ejecta {,;), relative flux of radiance with respect to continuum levig) (andFWHM of the
radiation. The evolution of light curve was explained by adopting eal bva light curve as
criteria. We found that the evolution of V339 Del during0.37— 75 days can be explained in
7 phases: 1) Initial riset € 0 - 0.6 days); nova is suddenly brighter fros 11 to~6.4. A
maximumy,; is ~ 2400 km/sR; andFWHM first increases and then decreases where this joint
(t = 0.35 days) turns out to be the first detection of X-ray. 2)nkoeimum halt { = 0.6-1.2
days); There is a halt of brightness around 5.1-5.9, decreasing,;, increasingR; with
decreasing-WHM. 3) Final rise (t = 1.21.5 days); Nova is brighter again to maximum. The
variation ofv,; and radiation have similar trend to the halt phase. 4) Maximum1(5-2.5
days); Nova has maximum brightness\of 4.45+ 0.01(t = 1.67 dayy decreasing,; and
increasingr; until maximum value and the decreasing afterward, WhHilBiM decreases from
the final rise. 5) Early decling & 2.5- 35 days); Nova has a drop in brightness andThe
last measurement of; is ~ 1100-1200 km/s at = 35.5 days. The radiation seems to have 2
distinct phases in this early decline including: First stage 2.2~12 days) whereR; and
FWHM increase and nebular spectra begins araund 0 days. In this stage the nova shell
expands optical depth reduces, marking pseudo-photosphere Setdand staget € 12~35
days) wherer; andFWHM decrease and SED shift to near-IR until not visible in optical (
28 days). Iron curtain @ +25 days) was found near the time of first soft X-ray detedtien
35.6 days). 6) Transitiont (= 35-60 days); Brightness decreases where and FWHM
gradually increase meaning it reveals deeper pseudo-photosphEmeal7jecline (t = 60~75
days); Nova is fainter than 6 magnitude from maxim&mandFWHM decrease, Nova is now
in nebular phase permanently allowing us to see the surface of whitefamtaie first time.
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1. Introduction

V339 Del (or Nova Del 2013), a brightest nova outburst in 2013, was discatarefiltered CCD
magnitude 6.8 by a Japanese amature astronomer Koichhi ltagaki on 2013 Aug. 14.68 UT (
14:34:14 UT, HID = 2456519.11163, and designated=a8 days). The nova was discovered during
its initial rising phase. Optical maximum was on Aug. 16.25 UT when iheetd ~ 4.3 [1]. The
nova became popular among astronomers due to its brightness.

Nowadays, with panchromatic spectroscopic investigations of each indivio\a| people have been
tried to explain the mechanism occurred during outbursts of novae. Some novae - e.g.of Pyx f
example- were proposed to havweo different stages of mass loss with a short-lived phase occurring
immediately after outburst, followed by a more steadily evolving and highss laas phase [2]. In

this work we also noted the physical interpretation of various stages of V339 Del.

2. Observations and Data Reduction

We spectroscopically monitored V339 Del at low resolution ftam 0.37— 75 days after discovery
using the 2 m robotic Liverpool Telescope (LT, see [3]). A hundred and twentyasspe&B39 Del
including 61 spectra in blue arm and 59 spectra in red arm were secured usiiigeated RObotic
Dual-beam Optical Spectrograph (FRODOSpec, see [4]) on the LT overS3@OA in the blue arm
(R ~ 2200) and 580®400A in the red arm (R 2600). Data reduction was performed through an LT
pipeline. Theonedspegackage in IRAFwas used to analyse all LT spectra.

3. Data Analysis

Thelight curve of V339 Del duringt = 0.37— 75 days from AAVSQwas compiledfrom more than
twentythousand ofV observations whose error < 0.02 magnitude as shown in the top panel of
Figure 1. Then LT spectra were used to try to understand what causessthelginges in the light
curve—e.g., changes in mass loss rate from the WD surface as the TNR proeaed® derive other
parameters of the outburst in future work.

The light curve was compared to ejection velocitiag (heasured from the Bygni profiles, flux
(relatives to continuum level) and FWHM which are measured frpnifiH, , Fe 1l (4924, 5018 and

5169 A and O | 7773 linesasshownin Figure 1 which covers the initial rise phase through the final
decline phase of the light curve (t = 0.37-75 days). Considering the modelled temporal evolution of the
luminosity (wo), radius Rwp) and effective temperature (T,.;) of the white dwarf \WD) pseudo-
photosphere of V339 Del given by [5] together with the X-ray spectroscopic iewofubvided in [6]
allowed us to determined even more reliable duration of each phases than used to be.

4. Results and Discussion

We discuss the spectral evolution based on the idealized nova optical lightgtven in [7].We
determined the found that the evolution of V339 Del dutirgd.37— 75 days can be explained in 7
phases with the as following:

1) Initial rise (t = 0 - 0.6 days); nova was suddenly brighter frovi~ 11 (at the pre-nova phase)
to ~6.4 [1]. Maximumv,; measured from Balmer lines ~ 160@200 km/s, from Fe Il lines 2000 -
1900 km/s andfrom O | line ~ 2100 - 2400 km/s. Boft; and FWHM first increases (during= 0 -

0.4 days) and then decreases (dutind).4 - 0.5 days). We found that the joint between this variation
in this phase turns out to be the first detection of X-ray£a.35 days) given by [6]. They concluded

LIRAF is distributed by the National Optical Astronomy Observatory, which is operated by the Association of
Universities for Research in Astronomy, Inc., under cooperative agreement with the National Science
Foundation.
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this first X-ray was emitted from the high ionization gas at the centA&/Df At this phase the nova
expanded quickly with g = 66— 84 R,, cooled down from &= 10,000- 9,000 K, andLyp = (1.5-
1.6)x1G% erges™ as a result [5]. Thefireball stage(t = 0— 5.4 day}’ proposed in [5] started here.
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Figure 1. Variation in light curve of V339 Del compared to ejection velocifies,and FWHM from
Balmer, Fe Il (4924, 5018, and 5169,&), and Ol 775 A lines durin@.37-75 days. Vertical dotted
lines represent phases in the light curve (from the initial rise through the final decline) reterned
the text.
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Figure 2. Detailed variation in light curve of V339 Del comparedejection velocities, flux and
FWHM from Balmer, Fe Il (4924, 5018, and 5169A), and Ol 775 A lines duriag.377 days.
Vertical dotted lines represent 5 phases in the light curve (from the mé&lthrough the early
decline) referred to in the text.
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2) Preemaximum halt (t = 0.6-1.2 days); There is a halt of brightness arouvid- 5.1-5.9 in
AAVSO light curve, decreasing,;, increasingk; with decreasing"WHM as shown Figure 2. Our
upper limit of this phase (at= 1.2 days) is corresponding with the date given by [5] mentioning the
nova’s spectra looked like an late-A type or early F-type star where it began to develop the P Cyg
profile. According to the modeled given by [5{wp Wwas almost unchangdd100R,), T increased
from 9,000 — 12,000 K, andLyp increased twice {1.6— 8.6) x 1§ ergss™ in this phase.

3) Final rise (t = 1.2-1.5 days); Nova is brighter again to maximum. The variationvgfand
radiation had similar trend to those in the halt phase.

4) Maximum (t = 1.5-2.5 days); Nova has maximum brightness éf= 4.45+ 0.01(t = 1.67
day9, decreasing,; and increasing?; until maximum value and the decreasing afterward, while
FWHM keep decreasing. According to the modeled given byR&],expaned quickly until ~®Ro,
causingTes to cool down to ~ 00 K, andLyp decreased to stable ab~x 16% erg-s'l.

5) Early decline (t = 2.5 — 35 days); Nova has a drop in brightness ~3.5 magnitude from
maximum with decreasing,. The last measurement of is ~ 1100-1200 km/s at = 35.5 days. The
radiation seems to have 2 distinct phases in this early decline including: Fjestista2.2~12 days)
whereR; andFWHM increase and nebular spectra begins araundO days. In this stage the nova
shell expands optical depth reduces, markisgudo-photosphere shringecond stage € 12~35
days) WhereR; andFWHM decrease and SED shift to near-IR until not visible in optical8 days).
Iron curtain (t~ +25 days) was found near the time of first soft X-ray detectior8b.6 days).

6) Transition (t = 35-60 days); Brightness decreases wh&teandFWHM gradually increase
meaning it reveals deeper pseudo-photosphere.

7) Final decline (t = 60~75 days); Nova is fainter than 6 magnitude from maximu®g, and

FWHM decrease, Nova is now in nebular phase permanently allowing us to see thedunfhite
dwarf for the first time.
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