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We present results of our dense spectroscopic monitorifgped V5668 Sgr. Starting on March 19 in 2015, only a few
days after discovery, we have obtained a series of spectinaivd TIGRE telescope and its HEROS échelle spectrograph
which offers a resolution oR ~ 20,000 and covers the optical wavelength range from 380800 &. We performed a
line identification of the discernible features for four sfpa which are representative for the respective phaséilight
curve evolution of that nova. By simultaneously analysing tariations in the visual light curve and the correspomdin
spectra of Nova V5668 Sgr, we found that during the declipihgses of the nova the absorption features in all hydrogen
and many other lines had shifted to higher expansion vésoitf ~ —2000 km s*. Conversely, during the rise towards
the following maximum, these observed absorption feathagisreturned to lower expansion velocities. We found that th
absorption features of some kréines displayed the same behaviour, but in addition disamgaefor a few days during
some declining phases. Features of severndir¢s also disappeared while newnNines appeared in emission for a few
days during some of the declining phases of the light curvdafa V5668 Sgr. The shape of the emission features is
changing during the evolution and shows a clear double peagtsre after the deep minimum.
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1 Introduction the same very short time scales. Performing the spectro-
scopic monitoring with high resolution is also desirable in
A white dwarf (WD) in a close binary system can acorder to observe details in the respective nova absorption
crete hydrogen from a Roche-lobe filling companion stag@nd emission features of the characteristic spectral.lines
A layer of hydrogen accumulates in an accretion disk arJB,e_G_Qﬂna.Lo_Aquinpj_t_hll_(ZdlS) studied the bright Nova
eventually, on the degenerate surface of the WD. At son¥339 Del, which appeared in August 2013, based on ob-
point, the hydrogen ignites and a thermonuclear runaw&grvations using spectroscopic monitoring with high resol
starts and ejects material from the surface of the Wion obtained with the robotic telescope TIGRE (Telescopio
These explosive events are observed as classical nol@i@rnacional en Guanajuato, Robotico y Espectrosajpic

(seel Bode & Evans (2008); Gallagher & Starrfield (1978pnd presented a detailed atlas of lines that show features in
[Payne-Gaposchkih (1964)lor Bode (2010) for reviews). It #e optical spectra of that nova.

believed that the hydrogen keeps burning on the surface of On March 15 in 2015 a new and very bright clas-
the white dwarf, as the detection of X-ray and its light curveical nova appeared in the constellation of Sagittarius
indicate. Nova envelopes are usually found to be close to tiwilliams et all 2015). The Nova V5668 Sgr has been stud-
Eddington limit and it is likely that this results in a coniin ied by many observers and also iffdient wavelength re-
ous ejection of gas comparable to a very strong stellar wingons. Near infrared observations clearly show the forma-
with the respective expansion velocity profile. tion of dust in this nova when it drops to a deep mini-
To understand in more detail the physics of this exnum in the light curve after about 90 days after discovery
plosive ejection of gas in a nova event, dense specti®anerjee etal. 2016a, 2016b). Carbon monoxide has also
scopic monitoring of novae is an important tool, sinc&een detected in its spectia_(Banerjee st al. 2015b). Dur-

whatever is causing rapid changes in the light curve ofigg the later phases, Nova V5668 Sgr could also be ob-
nova should also have direcffects on its spectrum on servedin X-ra < (Page etlal. 201153,b,c) as well as in gamma

rays (Cheung et 4. 20155,b). THelbble Space Telescope
* Corresponding author: dennis@astro.ugto.mx has observed the nova with observations performed in the
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ultraviolet wavelength region using the STIS instrumer 2608 57 (Nova Sagittarii 2015 n.2)

[2015). Furthermore, polarimetry data have bee | ] : : VP Tiche dates
taken of that nova (Harvey etlal. 2015). The observationsr | ! :
sumed once Nova V5668 Sgr was again observable after ¢ 5 : : :
conjunction with the Sun showing that dust emission is sti !
present but has weakened over the morm el
20164).

In this paper, we present the results of our analysis ,
the spectroscopic monitoring of Nova V5668 Sgr with the | :
TIGRE telescope. We give the details of our observatior '
and a short discussion of the light curve of the nova in Se !
tion[2. The results that we obtained from our spectroscog *|
monitoring of the nova during the fiérent phases of the ! ! ! !
light curve evolution are shown in the following Sectidn 3 ° %0 100 150 200

We will close this paper with Sectidn 4, where we present a ) e o
discussion and our conclusions. Fig.1 Visual light curve of Nova V5668 Sgr after its dis-

covery on March 15 in 2015. The data points were taken
from AAVSO observations. The vertical lines indicate the
2 Observations of Nova V5668 Sgr days where we performed a thorough line identification.
The triangles mark the days where we obtained TIGRE
Starting from day March 19 UT in 2015 on, we ob-spectra.
served a dense time series of spectra of Nova V5668 Sgr

(Kazarovets & Samlis 2015) — also known as Nova Sagit-

tarii 2015 No. 2 or PNV J18365700-2855420 — with thg,, of the TIGRE instrumentation and its capabilities, see
1.2 m robotic telescope TIGRE situated near Guanajua@e mitt et al.[(2014). The TIGRE telescope, although orig-
Central Mexico, and equipped with the échelle spectr@s,y not designed for it, has turned out to be very useful
graph HEROS (Heidelberg Extended Range Optical Speg; gnectroscopic monitoring of high energy astrophysical

trograph). The time series was interrupted on June 17, Whghants Jike novaé (De Gennaro Aquino € 015) and su-
the nova was in a steep decline about 90 days after its dfg?érnovael_(iaTﬂMlS).

covery. Between March 19 and June 17 we were able to .
Very " " we W Nova V5668 Sgr also has been observed with an even

obtain a total of 46 spectra during this period of 91 possible . =
days of observation. Starting on July 26, 133 days after di igher resolutl_on OR ~ 60,000 by Tajitsu et &1.(2016), but
ey only obtained one spectrum on May 29 and, therefore,

covery, when the light curve of Nova V5668 Sgr had recovs, . . .
ered from the deep minimum, we resumed monitoring unt(ﬂId not perform a dense spectroscopic monitoring, which

October 11in 2015, 210 days after discovery, when the no(?at_he blg_advantage of our observation campaign. Qbser-
ions with the PEPSI spectrograph and a resolution of

had started to be too close to the Sun and was eventua\%
heading for its conjunction. During this phase we obtaine ~ 270,000 have also been reported (Wagner &t al. 2016).

26 spectra, which gives a total of 72 spectra of Nova V5668
Sgr. 2.1 Visual light curve

With the échelle spectrograph HEROS, the spectra have
a quite high resolution oR ~ 20,000 and cover the op- Fig. [1 demonstrates the visual light curve of Nova
tical wavelength range from 3800 to 8800 A, with just a/5668 Sgr starting from its day of discovery until the be-
small gap of about 130 A around 5800 A. The spectra agfinning of November in 2015, when the nova started to be
obtained in two channels (red and blue) simultaneously. Fao close to the Sun for further observations. The data point
the observations we aimed for exposure times of one howere taken from the AAVSO Datab&send March 15 in
to obtain a high signal-to-noise ratio of 100. The spec- 2015 was taken as day zero after the discovery. The trian-
tra after the deep minimum have only a signal-to-noise rgies mark the days where we obtained spectra with the TI-
tio of S/N ~ 15, which is due to the lower brightness ofGRE telescope. As can be seen in the graph, during the first
the nova and the low continuum emission during that phaso days there are significant variations in the light curve of
However, the emission lines in the spectra show a signalp to 2 mag, while the magnitude stays more or less be-
to-noise ratio that is significantly higher, thereforelstlt  tween 5 and 7 mag. This phase will be discussed in detail
lowing for studying these features in detail. Since TIGRE i the following Sectiof 2]2. After the variation phase, the
a robotic telescope the observations as well as the datalight curve of Nova V5668 Sgr shows a very steep decline
duction were performed automatically. It needs to be stateidwn to a minimum with a magnitude ef 13.5 mag. Af-
that the observed spectra could not be calibrated for afer this deep minimum the visual light curve rose again up
solute fluxes, but we were able to obtain all the spectra
with relative fluxes. For a more detailed technical descrip-* httpymww.aavso.org
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with many variations during a long period and a final de-
‘ ‘ cline around 90 days after discovery. After a deep minimum
7 the light curve recovers to show then a very slow declining

N

4.0+

1
P s 3 phase. See also Strope et al. (2010) for other novae of that
457 ?g_ o 'a: e 4 type and with similar light curves.
o &% SE R BSR4 5
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855 £ Bg0e g._ 3 5 o 3 Spectroscopic monitoring of Nova
£ 3 St B g V5668 Sgr
wf & § 7. B g BB ’
° L3 ° o oo
6.5 $ 3 3?-:' t ] Our spectroscopic monitoring of Nova V5668 Sgr covers
? I ! all different phases of the light curve evolution as presented

7.0r

above. In this section, we first present four of our high reso-

e lution spectra tak_en at verytmrgnt stages of the outburst,
days after discovery along with a detailed line identification. We thefiar a de-

tailed analysis of the spectra of Nova V5668 Sgr and their

Fig.2 Visual light curve of Nova V5668 Sgr during the . . - _
first 90 days after its discovery on March 15 in 2015. Thgvolunon until after the deep minimum of the light curve,

data points were taken from AAVSO observations. Fiv\(’avhen alllines are only seen in emission.
clear declining phases have been identified.

7.5
0

S}

3.1 High resolution spectroscopic monitoring

) ) Fig.[3 shows four spectra of the nova observed in the blue
to a magnitude ot 9 mag. The light curve then stayed al--hannel of the HEROS spectrograph between 3800 and
most constant and subsequently declined very slowly. TRgoo A. The spectra were taken at the dates indicated in
vertical lines in Fig[ll mark the days after discovery wherg,o graph. To represent thefidirent phases of the nova, we
we performed a detailed line identification in the observegose a spectrum during the first maximum as well as two
spectra (see Section 3.11.1). spectra during the variation phase: one during a maximum,

The observed visual magnitude during the first maxthe other when the light curve was declining towards the
mum of Nova V5668 Sgr is about 4.2 mag. Using the acClsig minimum. The fourth spectrum spectrum was taken af-
rate CCD measurements of the AAVSO Database, the colgf the minimum during the emission line or dust phase. In
in B—Vis found to be 0.26 mag during the first days. Duringrig. [, the corresponding days after discovery are marked
this phase the intrinsid- V), due to an fective tempera- py vertical lines.
ture of~ 9000 K is about @5 mag. This gives an estimate  The first spectrum presented was taken on March 20 in
for the interstellar extinction d&(B-V) = 0.21 mag, which 2015 which corresponds to 5 days after discovery, when
corresponds to @ moderate extinction’gf = 0.7 mag. As-  the nova was around its maximum brightness. The spectrum
suming an absolute magnitude bis ~ ~7.5 mag, like shows the characteristic P-Cygni profile features which one
the one observed for DQ Her, we obtain a distance modulggpects during this phase. We marked some of the strongest
of 110 mag, which places the Nova V5668 Sgr at a dissng most important features in the spectrum with vertical
tance of about 1.6 kpc. Banerjee et al. (2016b) determingges at their respective rest-wavelengths. All featutems
the distance to Nova V5668 Sgr to have a value of 1.54 Kpe emission peak at around the rest-wavelength and a blue
and state that this is in good agreement with the MMRhifted absorption feature corresponding to a negative ex-
estimate using the relationof della Valle & Livio (1995).  pansion velocity caused by the ejected gas of the nova event
that is moving towards the observer. Features of all the Hy-
drogen Balmer lines that can be observed in this wavelength
range are clearly visible (dat 4861 A, Hy at 4341 A, Hs
In Fig.[2, the visual light curve of Nova V5668 Sgr is showrat 4102 A, etc.). Two clear Refeatures are also marked
for the first 90 days after discovery. The data points weig Fig. 3, but there are many more iron lines present in
taken from AAVSO observations. As can be seen this patiat spectrum (see Sectibn 3]1.1 for a detailed list of iden-
of the light curve shows five clear declining phases thaified lines). The second spectrum presented was taken on
are indicated in the graph. These declines occur during jugty 10 during the light curve variation phase around the
few days and are also in general steeper than the followifgurth maximum 56 days after discovery. All Balmer lines
phases of increasing brightness. We will study the corrgre sitill present, but the line profiles have already changed
sponding changes that are observed in the optical spectraiie emission features are now broader, and the absorption
the following chapter. features are still present. Looking closely one can see that

In comparison with other novae, the light curve of Novahere are now two distinct absorption features in most of
V5668 Sgr displays the typical characteristics of the verhe lines. On June 12 we took the third spectrum presented
bright Nova DQ Herculis from 1934 (Gaposchkin 1956)here. It was taken 89 days after discovery when the light

2.2 Light curve variation phase
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Fig.3 Four spectra of Nova V5668 Sgr observed in the blue chanrtbediIEROS spectrograph. Dates are of 2015 and
the corresponding days after discovery are given in bracket
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Fig.4 Four spectra of Nova V5668 Sgr observed in the red channbkdffEROS spectrograph. Dates are of 2015 and
the corresponding days after discovery are given in bracB¥bad bands of telluric lines are present in this waveleng

range.
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curve was in the steep decline towards the deep minimum.

The Balmer lines show mainly emission features but still

have some absorption features, while the marked features

of the Fex lines are only in emission. In the last presentetfable 1  List of lines in the blue channel that have been

spectrum, which was observed after the deep minimum 1§fentified in four selected spectra of Nova V5668 Sgr during
days after discovery on September 20, no absorption fegharacteristic light curve phases.

tures were found, but some new emission lines appear, SUPE‘ g Ve300 Mavio Juniz  Sep 30
as one at 4638.0 A, presumably due taiNas can be seen ine [A] emen ar ay un ep

N 3835.4 H v v v v
in Fig. 0. 38560  Si v
In Fig.[4, we present four spectra of Nova V5668 Sgr ob- 565 ¢ Si v
served by the TIGRE telescope and in the red channel of thezggg 1 H % % %
HEROS spectrograph in the wavelength range from 58003900.5 Tir N
to 8800 A. The spectra were taken at the same days as thg906.0 Far v
spectra presented in F{g. 3 and as indicated by the vertical3913.5 Tin v
lines in Fig[1. Comparing the spectra of the two channels, 3933.7 Ca v v v
it can be seen that the spectra of the red channel show les§968.5 Can v v v
features than the ones that were taken in the blue channel3970.1 H 4 4 v
The observations in the red channel afieeted by telluric N v
lines, which we did not remove in our spectra. In the spectra, a0r7.7 St v
L .. - 4101.7 H v v v v
the telluric lines are visible in Fif] 4 around the waveldngt 4130.9 Sit Y Y
ranges from 6800 to 7300 A, 7600 to 7700 A and 8000 to 47755 Fal Y
8400 A. The first spectrum in Fif] 4 from March 20 shows 4175 g Far %
features of lines with clear P-Cygni profiles as was already 4233.2 (= N N N4 N
observed in the blue channel. Strong lines aread a wave- 4267.2 Gr v
length of 6562.7 A and an Qine at 7773.0 A. The linesin ~ 4303.2 Far v v
the second spectrum from May 10 still show P-Cygni pro- 4340.5 H v v v v
files but the emission features are now broader than before4351.8 Fer v v
In the He line has appeared an additional small absorption 43854 Fer 4
feature that can also be seen in the two strong lines of O 4416.3 Fer v
marked in the spectrum. In the third spectrum from June jj%(li'g E:I v j
12, the line profiles have started to change to present now4481:2 Mg v Y Y
mainly emission features, but some lines still show absorp- 4491 4 Far v v
tion features. Two new clear emission features of][&t 4514.9 N Y
wavelengths of 6300.3 and 6363.7 A appear in the spectrunys22 6 (= N
and are still visible in the fourth presented spectrum from 4549.5 Far v
September 20. There also arises a new emission feature 04555.8 Fer v v
the [On] line at 7320.0 A, which is clearly visible in this last  4572.0 Tin v v
spectrum. In the spectrum from June 12 there are too many*583.8 Far v v
telluric lines in that wavelength region so that a clear iden 46293 Fer 4 4
tification is dificult. A further new strong emission feature 4638.0 N v v
in this spectrum is the Hdine at 7065.2 A, which is also 46858 Hai v
- 4824.1 Cr v
presentin the spectrum of Nova V5668 Sgr from September4861.3 H Y v Y v
20, which was observed after the deep minimum 189 days,g,3 g Far v v v
after discovery. As one can clearly see many of the emissionggo3 g Far % % Y
features have a double peak shape. 5006.8 On N4 N
5018.4 Fer v v
3.1.1 Line Identification 5045.1 N v
5169.0 Fer v v
The four selected characteristic spectra described aboveé197.6 Far v
were used to identify all the lines that show spectral fea- 5234.6 Fer v v
tures. For this thorough analysis we made use of the spectrap276.0 Far v v
atlas presented in_De Gennaro Aquino étlal. (2015) which 316.6 Fer 4 4
was obtained from observations with the same telescope us—ggggf E: j

ing spectra of Nova V339 Del. In the Tablgs 1 for the blue
and2 for the red channel, we list all the identified lines for

which we found features in the respective spectra. The ta-
bles are sorted by the rest-wavelength of the lines, and it
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Table 2 List of lines in the red channel that have beemlays after discovery covering all five clear declining pisase
identified in four selected spectra of Nova V5668 Sgr durings indicated in Fid.]2. This dense spectroscopic time series
characteristic light curve phases. enables us to relate the spectral evolution directly to the
changes seen in the visual light curve and may reveal the
physical circumstances during this phase of small varnatio

Line[A] Species Mar20 May10 Junl12 Sep20

5875.6 Ha v ! .

5889.9 Na v v v v in the light curve.

5895.9 Na v v v v A general observation during all of the declining phases
6247.6 Fer v of the nova is that when the light curve decreases, the con-
6300.3 (O] v v v tinuum flux decreases as well. The same occurs respectively
6347.1 S 4 during the rising phases of the light curve namely the con-
6363.7 [O,‘] v tinuum flux increases. Although we do not have flux cal-
gj;é:j ?:I j Y ibra_lteq sp_ectra, we find that du_ring declining_phases the
6562.7 H Y Y Y Y emission line flux increases relative to the continuum. This
7065.2 He v v rules out the possibility that the changes in the light curve
7115.0 G Y are only due to changes in the emission line profiles and
7320.0 [On] J is consistent with the constant colour in the AAVSO light
7442.3 N v curve of Nova V5668 Sgr. In addition, we observed that
7468.2 Ne v some spectral features undergo significant changes as well.
7773.0 o} v v v These allow the study of the physical properties of the en-
8446.3 a v v v v velope during variations in the visual light curve. It needs
8498.0  Ca 4 v to be emphasised that this is possible only due to the dense
gggg'i C:i" j v time series of high resolution spectra, which we obtained
8620.2 H Y with the TIGRE telescope.

8750.5 H % Regarding the spectra observed during the first maxi-
8862.8 H V4 V4 mum in the visual light curve, before the maximum, the

lines in the observed spectra show clear P Cygni profile fea-
tures, which are caused by an optically thick expanding en-
contains also the element and ionization stage to which tkielope, as it is the case for a nova. After the first maximum
line belongs to. Tick-marks indicate, in which of the fouthe nova seems to change into its transition phase. The spec-
spectra the presence of a feature was clearly identified. tra are now showing more complex features which are also

The first spectrum around the first maximum brightned¥ginning to change into emission. This is the typical be-
contains the largest number of lines with features in Novzaviour of a classical nova, and the first maximum of the
V5668 Sgr. We found many Balmer and also Paschen linbght curve of Nova V5668 Sgr can be understood in this
of Hydrogen as well as Relines and strong lines of © normal context as well. However, one (and only one) for-
in the spectra of the nova. Additionally, we could identifyoidden line of Q already appears in the spectra of the nova
some lines of Ti;, Mg, Sit, Siu, N1, Nar among others. at that time (see Se€t. 3.2.4).
The hydrogen lines are present in all of the four spectra. As is typical for DQ Her type novae, the visual light
Other lines like some of Fe could only be observed in curve rises again after the first declining phase. In our time
the first spectra of Tabld 1 and then disappeared in the la@ries of spectra, we see that when the nova brightness de-
spectra. There are also lines which were not observed in tlthes steeply after its second maximum, the absorption fea
first spectra, but appeared in the later ones. These are saoes shift to notably higher expansion velocities in saler
lines of Hen, Om, Nm among others. We could also idendines. Tabld B gives a list of lines which have features that
tify some forbidden lines of oxygen ([(Pand [Omu]), which  show clearly this behaviour during the various declining
appear in the later spectra when the nova is in its opticalphases towards the following minima. The Na doublet
thin nebular phase after the deep minimum. There mighiso shows the high expansion velocity absorption trough,
be also forbidden lines of nitrogen present in the spectra bifit it needs to be stated that the two individual lines are
Nova V5668 Sgr. These lines are fiNat 6548 A and [N1]  overlapping and that there is also a Hime at 5875.6 A
at 6583 AA. However, the possible features of these linés the same wavelength range that could have been blended
coincide with the broad emission feature ofvland it is into this features. There are other lines, probably mone Fe
difficult to clearly identify them. Fid._11 might indicate thelines, that showed this behaviour, but it was not clearlyisee
possible presence of theseifNines. in our spectra because of a low signal to noise or other rea-
sons. We listed only the lines where the behaviour could
definitely be seen.

As an example of the fierent lines, which show the
During the light curve variation phase, we have taken oplescribed behaviour, we present in K. 5 the changes ob-
tical spectra of Nova V5668 Sgr between 4 days and S&rved in the H line at a wavelength of 4101.7 A. We con-

3.2 The light curve variation phase
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Table 3 List of lines that show absorption features mov

ing to higher expansion velocities during the second to fift oo —— OrTIe L,
declining phase of the visual light curve of Nova V5668 Sg  osl| -~ 46 da;
Species  Line 2. 3. 4. 5. oonitl| - ag 332
Hi 3835.4 A v v/ | 51 days
Hi 3889.1A v v v V =
Can  3933.7A v g 0
Can 39685A v v v v N
el
Hi 41007A v v v 2
Hi  43405A v v v @ ooy
Hi 48613A v v v 0.0004]
Fen  49239A v |
Nar  58959A v v v
Hr 6562.7 A Vv Vv Vv 00000 72‘000 71},00 4600 4100
Her 66782A v v v velocity [km s~']
Her  70652A v v/ /. Fig.6 Evolution of the Q line at a wavelength of
O1 7773.0A v v v v . . - .
7773.0 A during the third minimum phase observed in the
Hi 8862.8A v . .
visual light curve of Nova V5668 Sgr. The spectra are
shown at diferent days after discovery.
0.05 ‘ H I4191.7A S
— 21 days & : .:;

S~ 23days . As a representative example for the third declining

- 24days Do | phase, we show in Fid.] 6 the spectral evolution of the
ER O line at 7773.0 A. 44 days after discovery, during the

third maximum, absorption features betweeb500 and

—-1000 km s were observed. During the following mini-

mum 46 days after discovery, absorption features appear at

expansion velocities betweer2000 and-1500 km s and

shift during the following rise to slower expansion veloci-

ties as can be seen in the spectra of 49 and 51 days after

discovery.

During the fourth declining phase we observed the nova

%3000 T500 1000 = 0 56 and 57 days after discovery, which is during the max-
velocity fkm 5] imum phase. Due to bad weather and scheduled mainte-
Fig.5 Evolution of the H line at a wavelength of hance of the telescope we obtained only one spectrum dur-

4101.7 A during the second minimum phase observed g the declining phase 61 days after discovery. However,
the visual light curve of Nova V5668 Sgr. The spectra at¢e could again observe that high velocity absorption fea-

shown at diferent days after discovery. tures appear in some of the lines, this time at relatively hig
expansion velocities of betweer2500 and-2000 km s?.

Unfortunately, we cannot say anything about the subse-

quent behaviour of these features since we did not cover
centrate on the negative expansion velocity part of the liiBe following rising phase of the visual light curve. The ob-
profile and ignore the emission part of the line which has ierved expansion velocities of the absorption features dur
maximum around the rest wavelength at 0 krh 21 days ing the fifth declining phase move to betwee#100 and
after discovery the light curve is still in its secondary max—1700 km s*. This fifth declining phase has eventually a
imum, and the spectrum displays only absorption featur&teep decline down to the deep minimum in the light curve
below an expansion velocity ef —1000 km s*. These ab- 0f Nova V5668 Sgr.
sorption features then shift to expansion velocities betwe  As a further illustration, we present the complete evo-
—1500 and-1000 km s? and during the minimum of the lution of the Or line at 7773.0 A during the whole light
light curve 24 days after discovery, these features reath thcurve variation phase covering the observed spectra of the
maximum expansion velocities of ovel500 km s*. Dur- first 100 days after discovery. F[g. 7 shows the variations in
ing the following rise, they shift slowly towards slower ex-expansion velocities of the respective absorption feature
pansion velocities. The absorption feature at500 kms*  The variations in the light curve can be directly related to
can also be observed in manyffdrent lines. However, it these changes in the expansion velocities. Hig. 7 is also a
does not seem to change its position during the light curggeat visualization of that the Nova V5668 Sgr shows all the
variations. classical systems of spectra, which are principalude en-

00af|

0.02

shifted relative flux
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vmag locity. This group of absorption features disappears Jlater
but because of an observation gap we cannot determine on
. which day this happens. The other group of absorption fea-
tures can be found between expansion velocitiesdf00
i and—2000 km s? (blue circles). While the slow expansion

velocity group does not display big changes, the group of
higher velocity illustrates quite well the changes that oc-
cur during a change in the visual light curve as can be seen
in Fig.[2. Comparing the graph of the absorption feature
minima with the visual light curve, one finds a good agree-
ment. When the light curve is in a minimum, the velocity of
the absorption feature minimum also jumps to higher neg-

4.0

3.2

2.4

Days after discovery
017773.0 4 - norm.flux [arb.unit]

6 ative expansion velocities. During the following rise ireth
light curve this absorption feature moves back to lower neg-
oe ative velocities. The overall trend shows that while the vi-
sual light curve slightly decreases during the variatioaggh
T T T T 0.0 of 90 days, the absorption features also move to higher neg-
VAt Rms] ative expansion velocities. When the light curve evenyuall

Fig.7 Evolution of the Q line profile at a wavelength of Shows the steep decline towards the deep minimum, the ex-
7773.0 A during the light curve variation phase of the visu&lansion velocities of the absorption feature also moves to
light curve (continuous line) of Nova V5668 Sgr during théignificantly higher negative expansion velocities.
first 100 days after discovery.

3.2.1 Appearance of He features

The list of lines that have features, which show the char-

Absorption minima of the O | 7773.0

-200 - - . , . - - - acteristic behaviour of Tab[g 3, contains two Himes at
B 1 wavelengths of 6678.2 and 7065.2 A. These two lines were
ool gt e . | not observed during the maximum before the second declin-
e ing phase. Instead, they appear in emission and show the
o T - ] high expansion velocity absorption component only during
€ 1000 - . “ee un 1 the secondary minimum phase. This means that the respec-
g 0 . T 1 tive Her lines get only excited and visible during this second
® ool S . | minimum phase.
oo 1 s | During the third minimum phase, the absorption fea-
. tures of these lines were already observed during the max-
1800 F *1 imum before and show the same shift in expansion veloc-
2000 3 ity as the features of the other lines. In the few spectra that
Days ater discovery we could obtain during the fourth declining phase, we ob-

_served the same behaviour. During the fifth declining phase

ima of the absorption features of the: Gne at 7773.0 A the lines already show absorption features during the maxi-
There are two groups of minima one at around 500 ki sum, which then shift during the declining phase to higher

and the other between 1000 to 2000 krh. s expansion velocities.

Fig.8 Evolution of the expansion velocities of the min

3.2.2 Disappearance of Fefeatures

hanced, and Oriomwwmmh"ﬂ)uring the third declining phase of the visual light curve

1943/1944). of Nova V5668 Sgr, the features of theiFkne at a wave-

To further illustrate and quantify the behaviour of thdength of 6148.0 A show a very interesting behaviour in its
absorption features, we measured the expansion velociyectral evolution, which is demonstrated in [Elg. 9. During
of the respective minima for each day in tha he at the third maximum 44 days after discovery, clear absorp-
7773.0 A. We used this line because it showed a sintion features at an expansion velocity ©f —800 km s
pler structure than the hydrogen lines, which have varare observed in the spectrum. During the following de-
ous subfeatures and on some days many more minima.climing phase (46 and 47 days after discovery) these fea-
Fig.[d, we show a graph of the position of all of the miniures disappear. However, 49 days after discovery they star
ima of the absorption features of the (ne. There is one to appear again, now at higher expansion velocities of
group of minima at around500 km s* (red circles) which —1000 km s*. In the spectrum 50 days after discovery the
slowly changes position to higher negative expansion vabsorption features become more clearly visible. They also

Copyright line will be provided by the publisher
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3.2.3 Disappearance of N appearance of Nu

Fe 11 6148.0 A
- :gj:;: We found also an interesting behaviour of the absorption
000 47 s 1 features of the nitrogen lines in the spectra of Nova V5668
------ 49 days Sgr in the light curve variation phase. During the declining
| S0days phase towards the third minimum absorption features of two

0.0008 |-

N1 lines at wavelengths of 7442.3 and 7468.2 A disappear.
At the same time small emission features af Mes appear
at wavelengths of 3995.0, 5935.0 and 6483.8 A. During the
fourth declining phase the Nines at wavelengths of 7442.3
and 7468.2 A disappear in the spectrum observed 61 days
after discovery. At the same time emission features of two
Nn lines appear at wavelengths of 3995.0 and 6483.8 A.
L — — — - - During the fifth declining phase, emission features of the
velocity [km s~1] N line at a wavelength of 3995.0 A appear in the observed
spectra of Nova V5668 Sqr.

0.0006

shifted relative flux

0.0004

0.0002 |-

Fig.9 Evolution of the absorption features of theiH:e
at 6148.0 A during the third minimum phase of the visual

light curve of Nova V5668 Sgr. The features disappear f&-2.4 The forbidden [Or] 5577.3 A line
a few days. The spectra are shown dfedent days after

di The only forbidden line that appears in the early observed
iscovery.

spectra of Nova V5668 Sgr is the one of fjGat a wave-
length of 5577.3 A. The first time it is visible is in the spec-
trum 9 days after discovery during the first declining phase.
The line was observed in emission, and the flux increased
shift back to lower expansion velocities, reaching almosturing the declining phases relatively to the continuum.flux
their original position in the spectrum 51 days after discoHowever, this may be explained by a decreasing continuum
ery. Basically, the expansion velocity evolution obserived flux as already noted above. During the following evolu-
the features of this Reline is very similar to those observedtion of the visual light curve during the variation phase, we
in other lines. However, it is interesting that thisiFene  see the same behaviour. During a minimum phase the emis-
disappears for a few days, while the light curve is in the dsion feature of the [@ line is clearly visible, while during a
clining phase. Explanations may be that thaiffeight be maximum phase it seems to disappear (in comparison to the
ionized to Fan for a few days or that one just seeffdient continuum flux). In the later spectra there appear features
layers with diferent abundances of the expanding envelopef other forbidden [G] lines at wavelengths of 6300.3 and
6363.7 A as can be seen in [Fig.4.

Actually, absorption features of severaliFines disap- _ - _
pear during the third declining phase of Nova V5668 Sg8-2.5 Daily variations in the Nai D doublet line

Features of the Fle_llne ata Wavelength of ‘."232'0 A tha.tFrom April 25 to April 28 in 2015, which correspondsto 41
were observed during the third maximum disappear dunqg 44 days after discovery, we were able to obtain a spec-

the third declining phase. In addition, there are sevemakli : .
) rum of Nova V5668 Sgr each night. Comparing these spec-
of Fen in the wavelength range between 5000 and 5300.%’51 we found that the features of the NB doublet lines

. e.4232.5, 501.8'4’ 5169.0,5234.6 and 5276'.0 A showw:\ﬂ wavelengths of 5895.9 and 5889.9 A show daily varia-
the same behaviour. We also found a small emission featl{re

. . ._tions. In Fig.[ID, we present the corresponding spectra in
Zthgsvgavelength ot 6090 A appearing during exactly thlsthe wavelength range of the Ndoublet, where we took the

5889.9 A line as the reference for the velocities. The two

strong narrow lines at the right hand part of the graph are
Although we only have one spectrum during the fourtfeatures from interstellar absorption of both Niaes. Sev-

declining phase, we found that again some of tha fem- eral absorption features of the expanding nova envelope can

tures observed during the maximum phase disappear in theeseen in the blue part of the Naoublet lines. The struc-

spectrum 61 days after discovery during the fourth decliture of the features are changing every day. It @idilt

ing phase. Namely, these are the absorption features of thequantify this evolution since the features of both lines

Fen lines at wavelengths of 4491.4, 5316.6 and 6148.0 Averlap and therefore can cause the daily changes. There

Additionally, we observed that the absorption featurefeft is also the above mentioned Hine at 5875.6 A, which

Siu line at a wavelength of 6347.1 A disappear during theight have absorption ajat emission features that could

fourth declining phase. During the fifth declining phase theontribute to the flux in that wavelength region and, there-

absorption features of the Réines at 4491.4 and 6148.0 A fore, dfect the daily changes. The position of this Hiee

do finally disappear. has been marked in the spectra shown in[Eig. 10.
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the deep minimum, shows an emission feature which has a
maximum close to 0 km8. The feature is almost symmet-
rical, but it shows a small peak arour600 km s and a

dip around-750 km s*.

The narrow absorption features that can be seen in all
of the spectra are due to telluric lines. The emission featur
of the Ha line in the spectrum from July 25, 132 days af-
ter discovery, when the light curve is rising again, is stron
on the blue side with negative expansion velocity, while on
the positive expansion velocity side only a small emission
is observed. The maximum of the emission feature can be
found around-200 km s*. When the light curve is in the al-
most constant phase after the deep minimum, thedrhis-

—20m0 500 1000 50 0 sion feature of Nova V5668 Sgr has a clear double peak
velocity [km s™1] structure. This can be seen in the observed spectrum from

Fig.10 Daily variations observed in the absorption feaSeptember 20 (189 days after discover) as well as in the

tures of the Na doublet line in the spectra of Novaspectrum from October 11 (210 days after discovery). The
V5668 Sgr. peak on the negative expansion velocity side is a bit higher

than the second peak on the other side. Comparing the spec-

tra from September 20 with the one from October 11, one
Ho 6562.7 4 can see that there are hardly any changes in the shape of the
‘ ‘ ‘ emission feature of the Hl line.

Na | D doublet

0.0020 T T
— Apr25 He |

0.0015 F

0.0010 P4,

shifted relative flux

0.0005 F

0.0000

0.0014

0.0012 1

4 Conclusions and discussion

0.0010

With the TIGRE robotic telescope, we obtained a dense time
series of high resolution spectr® (~ 20,000) of Nova
V5668 Sgr, which was discovered on March 15 in 2015,
in the optical wavelength range between 3800 and 8800 A.
The nova is a typical DQ Her type nova, and it shows all the
known classical systems of spectra: principalfutie en-
hanced, and Orion spectra. We used the AAVSO visual light
500 0 500 To00 curve of Nova V5668 Sgr to spectroscopically characterise
velocity [km s~'] different phases, beginning with a phase of strong variations

Fig.11 Evolution of the emission features of thenHine followed by a deep, prolonged minimum, leading then to a

at 6562.7 A in the spectra of Nova V5668 Sgr during thkecovery and a phase at an almost constant brightness level.
later phases. We could place Nova V5668 Sgr at an estimated distance of

1.6 kpc assuming a moderate extinction and a characteristic
absolute magnitude of a classical nova type of DQ Her.

We presented four characteristic spectra of Nova
V5668 Sgr and performed a detailed line identification on
After recovering from the deep minimum in the light curvéhese respective spectra. We find that all the Hydrogen
all lines show only emission features in our spectra of Nov@almer lines are present in all of the observed spectra, with
V5668 Sgr, meaning that the nova is now in its nebuldrd @ the strongest line. The nova also shows many lines of
phase. During the rising phase after the minimum the visun in form of Fen and oxygen mainly in form of @ In
light curve of the nova (Fid]1) shows some fluctuations, e.gddition, we found some lines of &iTiu, Nu, Mgn, and
at around 150 days after discovery. However, our observi@: among others. In the later spectra we find some forbid-
spectra show for all lines a simple one peak emission lirken lines of oxygen ([@] and [Ou]). During the light curve
feature, but that is probably because of the low signal-teévolution, the profiles of the features change from being P-
noise ratio of the spectra during that phase, since the ndusigni profiles to later having only emission features.
was still too dim for good observations with the TIGRE tele-  We studied the observed spectra in order to find a corre-
scope. The only line showing more complex features is H lation with the variations observed during the first 90 days i
due to being the by far strongest line. In Higl 11, we shotie visual light curve of Nova V5668 Sgr. We find that it is
the evolution of the shape of the emission features of tmeainly the continuum flux which varies during the changes
H « line at 6562.7 A. The spectrum from June 12, 89 dayis the visual light curve. We can distinguish five relatively
after discovery, observed during the steep decline towarsi®ep declines in the visual light curve of the nova. Our

0.0008 -

0.0006 -

scaled relative flux

0.0004

0.0002

0.0000

3.3 Emission line phase
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dense series of spectra reveals that during the fast declin- The unique data set obtained by our ongoing dense spec-
ing phases the absorption features of many lines, especidlioscopic monitoring of Nova V5668 Sgr will be further
the ones of hydrogen, shift to higher expansion velocities analysed in a future publication, which will include dedsil
about—2000 to—1500 km s?. During the following, gener- modelling of some spectra and will give us the opportunity
ally slower rises of the light curve, these absorption fezgu to study the spectral evolution of this DQ Her type nova in
shift back to lower expansion velocities. much more detalil.

We also find that some absorption features, such as thdsknowledgements. We acknowledge with thanks the variable star
of Fen, disappear for a few days during the third, fourth anabservations from the AAVSO International Database cbuted
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new emission features of iNines appear in the spectra dur-Guanajuato.
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