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Spectroscopy of the Recurrent Nova V3890 Sagittarii 18 Days after the 1990 Outburst
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ABSTRACT

The spectrum of the recurrent nova V3890 Sgr obtained from the Vainu Bappu Observatory, 18
days afler the 1990 outburst maximum is presented. The nova was in the coronal line phase. 1he
speclrum is similar to that of the recurrent nova RS Oph. Au extinction Eg_y = 1.1 is derived
from the B — V7 colours and Baliner, He I line ratios. From the maximum magnitude-raie-ot-decline
refations for a nova, Ay = —8.6 mag is estimated, which places the nova at a distance of about
5 kpe. Balmer line fluxes are used to derive the density, ~ 109 cm™3, and mass of the ejected
ionized shell, ~ 1077 M. The temperature and vadius estimates of ionizing source are 3 x 105 K
and 0.3 Ra. A helium abundance of 0.23 is estimated. Applying expansion models in which the
fast moving nova ejecta interact with a slow moving pre-outburst wind, we conclude that the ejects

expanded into an inhomogeneous stellar wind.
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ABSTRACT. The spectrum of the recur-
rent nova V3890 Sgr obtained from the Vainu
Bappu Observatory, 18 days after the 1990
outburst maximumn is presented. The nova
was W the coronal line phase. The spectrum is
similar to that of the recurrent nova RS Oph.
An extinction Fg_yv = 1.1 is derived from
the B — V colours and Balmer, He I line ra-
tios. Irom the maximum magnitude—rate-of-
decline relarions for a nova, My = —8.6 mag
is estimated, which places the nova at a dis-
tanve of about 5 kpe. Balmer line (luxes ace

nasd to derive the density, ~ 10 ern~?. and

mass of the ejected ionized shell, ~ 1077 M.
The remperature and radius estimates of ion-
izing source are 3 x 10° K and 0.3 Ry. A he-
i abundance of 0.23 is estimated. Apply-
ing expansion modlels in which the fast moving
nova ejecta interact with a slow moving pre-
onthurst wind, we conclude that the ejecta ex-

panded mto an inhomogeneous stellar wind.

1 INTRODUCTION

The classical nova V3390 Sagittarii 1962
(Duerbeck 1987) was established as a recurrent
nova with its second outhburst in 1990 April in-
dependantly discovered by A. Jones (IAU Cir-
cular 5002) and W. Liller (IAU Circular 5010).
From a magnitude mys fainter than 13.0 on
1990 April 20.68. the nova rose to a magni-
tude of myis = 8.5 on 1990 April 27.72 (IAU
Circulars 5002, 5007 and 5010). Fig. 1 shows
the 1990 outburst light curve, based on may-
nitudes from the IAU Circulars.

v

{he nova was spectroscopically studied by
several observers in both northern and south-
ern hemispheres. The spectral development
during the early phases is described in [AU
Circulars (Nos. 5006, 5007, 5015, 5019 and
5021).  Williams et al.  (1991) present the
CTIO data obtained during the iater stages of
ithe outburst. The spectrum in the ultravioles

region, obtained using the IUL 1s presented by
Gonzalez-Riestra (1992). In this paper we dis-
cuss the optical spectrum of the nova obtained
from the Vainu Bappu Observatory (VBO),
about 18 days after the outburst maximum.

2 OBSERVATIONS

Three spectra were obtained on 1990 May
14.91. 15.94 and 16.97 from VBO. The obser-
vations were carried out using the UAG spec-
trograph and Photometrics CCD system at the
Cassegrain focus of the 1.02m telescope. Spee-
tra were recorded in the range 430-770 nm at
a linear dispersion of 0.55 nm per pixel, with
a resolution element of ~ 2.2 pixel. Spec-
trophotometric standards were observed on
each night to derive the instrumental response.
The spectra were individually de-biased and
flat-field corrected and the one-dimensional
spectra extracted. An Fe+Ne hollow cathode
source spectrum was used for wavelength cal-
ibration.

A single spectrum was obtained on May 18,
under poor observing conditions, in the range
640-670 nm at a linear dispersion of (.14 nm
per pixel, with a resolution element of ~ 1.8
pixel. No standard star was observed on this
night and the spectrum has hence not been
flux calibrated.

Reductions were performed using the RI-
SPECT (Prabhu & Anupama 1991) and [RAF

software packages.

3 THE SPECTRUM

The mean spectrum of 1990 May 14.91, 15.94
and 16.97 is shown in Figure 2. The spec-
trum shows strong, high excitation {orbidden
lines, along with Balmer, He I, He [l and Fe [T
lines. The most prominent lines are Ha, 3,
Hv, He [ 537.6, 667.8, 706.5 and 728.1 nm, He



[1168.6 and 5401 mm, lines ol e IT multi-
olets 27, 12,18, 19, 73 and 74, and the N/O
Dlend at 1680 no The coronal lines [ e XiV]
530.3 um, [Pe X} 6570 am, [A X] 5535 nm
and [A X1] 6919 ace also stroug. l_he feature
al 683 nm is most likely Raman scattered UV
e of O VT 103.2 1039). Neb-
wlar lines ave weak or The observed
fine fluxes are given in Table 1. The spec-
wrum very closely resemibles the spectrum of
RS Oph on day 60, during the coronal-line
phase (Anupama & Prabliu 1989). There is no
indication of contribution from the secondary
star. Tn their spectrum obtuained on 1990 May

L, Mukai et al (TAU Circular No. 3015) also
note the presence of O 1 777.2 and 844.6 nin,
the coroual line [Fe XI] 789.1 nm and [S I}
506.9. The spectrum during 1990 May 14-16
may be classilied as CP_, in the CTIO classifi-
cation scheniwe {Williams et al 1991). The spec-
tral evohirion sequence, based on data pub-
Hshed in iA T Civculars and Williams et al is
Pioner (U714 Ag during the period 1990 May

2 -Sentember 23,

nm (Schmid

absent.

The uncalibrated Hoe profile 1s shown in Fig-
ure 3. [hie profile shows both the narrow
and the broad components. A two component
Gaussian i1 1o lho profile gives TWHM veloc-
ities 420 ks~ and 1630 kim s~! for the nae-
row and broad components respectively. The
fitted Ganssians are also shown in Figure 3.

4 RESULTS

4.1 Absolute magnitude, Redden-
ing aud letance

fhe light corve of the 1990 outburst of

V3890 Sgr (Vig. 1) indicates that the maxi-
mum was reached on 1990 April 27.72 (=JD
2048009.22),  with a maximum magnitude
Vaax = 3.3 A smooth fit to the light curve
uives (1) magnitude at 15 days from maximum:
115 = 11.0, (31) time of decline through 2 mag-
nituces in ¥7: £y = 12 days. (i) time of de-
cline through 3 magunicudes in V' {3 = 1S days
{Gonzalez-Riestra (1992) estimates t3 = 17
days). Using the above estimates, the abso-
lute magnitude of the nova at maximum is
estimated using the various (4/v max, tdeciine)-
relations in literature (Pfau 1976, Cohen 1985,
van den Bergh & Younger 1987 and Capac-
ciolli et. al. 1989). The value of My for

[

Vg0 Sgroas estimaled from these relations

range from Wy = =80 to My = =3.7 with
the nnweighted mean
MP™ = —865£02,

giving an uncorrected distance moduius of

(in— M)y =17.08£0.2.

The foreground reddening towards the nova
Is estimated here using the colour index of the
nova two magnitudes below maximum. Pho-
tometry of the nova by Buckley, Wargau &
Soltynski (TAU Circular No. 5019) gives the
colour indices B ~ V = +0.84 on day 10 and
B—V = 4+0.91 on day 11. The unreddened in-
dex of a nova two magnitudes below maximum
is (B — V)p = 0 (van den Bergh & Younger
1987). The observed B — V colour thus im-
plies Fg_v = 0.91 for V33890 Sar.

Reddening may also be estimated using the
e T 587.6/447.1 line ratios, as well as using
Balmer decrements (Ferland 1977, Whitney &
Clayton 1989). Tsing the observed He 1 line
ratios, we obtain [fg_v = 1.12 and the ob-
served Ha/HJ3 ratio gives Eg_v = 1.2. A
mean of all the above three estimates gives
Fg_v = 1.1, in agreement with the estimate
of Gonzalez-Riestra (1992) hased on Balmer
line ratio during quiescence and ultraviolet
lines of He IT during outburst. This estimate
for the reddening, together with the estimated
distance modulus, gives a value d = 5.4 kpc
for the nova.

It is not certain whether the standard My —
{3 relation used here. which is derived for clas-
sical novae, applies to recurrent novae also.
The absolute magnitude of the recurrent nova
RS Ophiuchi, which has a decay time of {3 =
18 days (similar to V3§90 Sgr) and a distance
1.6 kpc estimated from 21 cm observations
(Hjellming et al) is Ay —8.6. Applymng
the My — 13 relation and using Eg_v = 0.73
(Cassatella et al 1983) for RS Oph, the esti-
mated absolute magnitude is My = —8.6 and
distance is ¢ = 1.8 kpc. This indicates valid-
ity of the My —t3 relation. On the other hand
for V745 Sco, which belongs to the same sub-
class of recurrent novae as RS Oph and V3890
Sgr, has a well determined distance estimate
and a ty = 9 days (Sekiguchi et al 1990b), the
absolute magnitude is estimated to be —7.9.
independent of the A, — t3 relation. Simi-
larly, for Nova LMC 1990 #2 which has a de-



cayotime of by o= 5 days. the absolute mag-
aitnde estimake is My = =7.5 (Sekiguchi et
b 1090a). These reenrrent novae should hsve
beenintrinsically more luminons than RS Oph
i the My — by relabion were valid, to recur-
rent novae. Gonzalez-Riestra (1992) assumes
an absolute magnitude for V3390 Sgr similar
1o V715 Sco and Nova LMC 1990 #2 and ob-
tains limis to the distance as 2.6 < d < 5 kpec.
The distance estimated by us is in agresment
with the upper limit. Assuming the conditions
in V¢

fowing an Fp_v = 1.1 and d = 5 kpc is used.

4.2 Physical conditions

1.2.1  Density and mass of the shell

Tl spectrum of V3890 Sgr shows no nebular
ferbidden lines, and hence an estimate of the
terperature and density using the {O 1] line
and {N 1] tine ratios cannot be made.

v

A estimate the density using the line ilux in
the Ualmer 3 and Hea lines and the relation
Jw = cunonaV/d?, where €, is the emissivity.
17 the volume and o is the distance to the nova.
The voiume is estimated assuming a sphere
with n fitling factor ¢ = 0.1, and radius 7 %
(1% e (o value to be justified in section 5).

The density as estimated from H3 fux is
2.3 10" em™3 and from Ha is 2.5 x 10 em =3,
siving an unweighted mean of 2.4 x 10% em=3.
This estimale may be compared with the esti-
mate of ~ 10" by Gonzalez-Riestra (1992) us-
e uliraviolet lines. The estimated shell mass

s 35 1077 My,

YRR
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Heltum abundance

The e 1 and e II line Auxes may be used
io ustunate the relative numbers of singly
ionized  N(He™)/N(H) and doubly ionized
V(Me™)/N(H) helium in the ejecta. The he-
Ihim abundance, assuming no neutral helium
Nt | NiHett
NID T TN
o aud HZ and He IT 468.6 and 541.1 nm from
Lnmer & Storey (1987), of the He I lines
587.6 and 706.5 nm from Brocklehurst (1972),
exteapolated for n, = 10% cm™2, and the He I
emissivity cocrrection for collisional effects ac-
cording to Clegg (1987), the helium abundance
s estimated. Table 2 gives the estimate us-
ing different lines. From Table 2, it is seen

15

3890 Sgr are similar to RS Oph, in the fol-

0 Taking the emissivities of

that e T 6778 nm line sives aomneh higher
value lor the abundanes: 0.30 as compared Lo
387.6 nin and 6678 nmin hnes. [Lis quite hikely
that the flux in 667.8 nm is enhanced due to
contribution from the wings of the broad com-
ponent in Lhe o hne, and hence the helium
abundance estunated nsing 667.8 nin is higher
than the estimate using other ITe [ lines. [g-
noring the estimate from 667.8 um line, we

N(Hel _ g 99 1(.03.

obtain ()

4.2.3  The central ionizing source

The Zanstra temperature 7. ol the 1onizing
source may be estimafted from the helium and
hydrogen line ratios (Osterbrock 1989). Us-
ing the observed fuxes of 1Ie 1T 468.6 nm and
13, we estimate the Zanstra temperature to
i 3« 10° K. The corresponding ra-
dius ol the source is estimated. using the HiJ
line ftlux, as R. 3 % 10 cm (s
a covering factor of 0.1), giving a huninosity

Lo 107 ery sl

be

ssuing

4.2.4  The coronal line region

The presence of coronal lines in the spectrum
indicate ten:perature ~ 10 K in the coronal-
line-emitting region. The temperature of the
lonizing source, as estimated i section 4.3.3
mdicates that the coronal lines are not due Lo
photoionizaiion of the shell. These lines are
more likely to be formed due to shock excita-
iton, as in tie case of RS Oph (Bode & Kahn
1985, Evans =t al 1989).

5 DISCUSSION

The spectrum of the vecurrent nova V3890 Sgr
18 days after maximum is presented and clas-
sified. Interstellar reddening and distance to
the nova, dsnsity and helium abundance in
the ejected siell, and the temperature and ra-
dius of the onizing source are derived. The
physical parameters of the ionizing source in-

dicate it is a white dwarf, and the outburst is

a thermonuclear runaway event on its surface.
The presence of permitted and high excitation
coronal lines in the spectrum implies density
and temperature startification in the ejected
medium. [Further, the presence of coronal lines
and the narrowing of the emission lines indi-
cate possible shock interaction of the ejecta



wich serrown-ling medinm, as in RS Oph. The

el inov

deh e [ast moving nova gjecta

micrach with aslow moving pre-onthuorst stel-
&o Wahin 1983; Seaquist et al
1989) may lhenee he applied to Vi3:00 Sgr. The
veloelly ol the ejecta m the moenium con-

serving phase of the cjecta s given by

lar wind (130ie

t=1ry(l +'t/t.)l/2,

where ¢ is the veloceily of the ejecta at epoch ¢,
vo the inivial velocity and t. the churacteristic
time given by

Afe U
VO M

In the above cquation, M. is the mass of the
vjecta. M ihe rate of mass loss Irom the M-
“and uw the terninal velocity
s owind. the ohserved ve-

vlant secos

of the = : Using
focities, the ci-racteristic time f. and hence
r the nar-
2 line pro-
rom the narrow compouent

We consiic
- components i

= oqnay i

- siomated.

FOW Mg gL

lllC SR LA

with 3V H A welncities vg = 2140 ki s~ land
v o=t ks L8 days after outhurst we ob-
tan .= .72 days and ‘Tf = L35 1022 ¢
cu™t o See o> L., the radius of the nova
shell w0 spproximated to r, = at?/3,

where o = j-,?',fl,‘\/j/3u3/3u1/3.\f""-/'3 (Bode &
Nahn 0231, Using this. the radius estimate

YO em, and the velocity g is
he density of the stellar wind
the shocked ejecta given by

s re = 7.7
300 i st

sl ahicad o

. M

o= 7 BB
dwur?

is estiniated oo 1.8 x 10717 ¢ em™". Similary
for the Lroa! ~omponent with velocities v, =
4300 km s~ - andd 3 = 1630 kms—! . we obtain
fe = 3 davs. £ = 1.78 x 1012 g em~!,
1100 km s~*. and the density of the stellar
wind is p, = 2.2 x 1078 g cm~%. It thus
appears that iie ejecta of V3890 Sgr expanded
inro an inhanmozeneous stellar wind.

Usg =

Although V3390 Sgr has a rate of decline
similar to RS Oph, the evolution of the spec-
trum is much faster than RS Oph. The spec-
trum of V3890 Sgr on day 18 very ciosely re-
sembles the spectrum of RS Oph 60 days after
the 1985 outhurst. The faster evolution of the
sarrow component of V3890 Sgr as compared
ro RS Oph can be attributed to its expansion

mto a deeser stellar wind (2, = 2002 10718 o
em™ for RS Oph: Bode & Kalin 1985): while
the broad component, which cxpands into the
less dense rezion of the stelfar wind has an
evolution =similar to that of RS Oph.
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FIGURE CAPTIONS

Fignre 1. The light curve of Lhe 1990 out-
burst ol V3890 Sgr, based on magnitudes from
IAU Cireulars. JD 2448010.= 1990 April 28.5.

Figure 2. Spectrum of V33890 Sgr 18 days af-
ter outburst, uncorrected lor interstellar red-
dening.

Figure 3. Spectrum of V3890 Sgr in the re-
gion 640-670 nm on 1990 May 18. The spec-
trum is not flux calibrated. Also shown are the
Gaussian fits to the narrow and broad compo-
nents.



Table 1 Linc identifications and observed Huxes.

Am Identification Flux
nm 10712 erg cm ™% 57!
435.3 43405  Hv (1) 1.015
435.18  Fe Il (27)
439.8  438.54 ° 441.68 0.785
Fe IT (27)
481 447148 HeI(6) 0.580

448.10 Mg Il

464.5  ‘464.00 N/O bl 4.274
469.2  468.60  He II (1) 6.043
486.4  486.13  H3 (1) 8.220
402.5  492.39  Fe Il (42) 1.058
492,19  Hel
501.6  301.57  Hel (4) 2.305
501.84  Fe Il (42)
505.7  504.11 1.324
505.60  SilI (5)
511.9  511.60  [Ni NIII] (1) 0.196
516.9  516.90  Fell (42) 0.750
520.0 519.76  Fe II (42) 0.219
523.5  523.46  FelIl (49) 0.380
526.8  527.60  Fe Il (49) 0.490
530.2  530.29  [Fe XIV] (1) 4.451
532.2  531.66  Fe II (49) 1.720
531.68  Fe Il (48)
536.4  336.29  FelI (48) 0.243
541.4  341.15  He II (2) 0.903
549.5  549.58  [FeII] (17) 0.076
533.3  533.46  [A X] (1) 0.948
558.0 337.74 [0 1) (3) 0.150
569.0  366.66
567.60 , .
567.906 © N II(3) 1.201
568.62
5710.76
375.0 57548 [N 1II} (3) 0.277




Table 1 Continued.

Am Identification Flux
nm 1072 erg em™2 57t
587.5  587.56 He I (11) 4,750
598.7  599.14 Fe II (46) 0.226
603.7 603.67 He II (8) 0.201
607.7  607.41 He II (8) 0.304
608.41 Fe II (46)
610.9  610.11 [K IV] (1) 0.516
614.9 614.77 Fell (74) 0.329
618.0  617.81 FeII (46) 0.310
6242 624.76 Fe II (74) 0.698
630.9  631.08 He II (7) 0.715
630.02 [0 1] (1)
634.3  634.71 Sill(2) 0.363
637.3 63741 [Fe X] 4.390
637.14 Si II (2)
643.2  634.27 Fe II (40) 0.363
645.4  645.64 Fe Il (74) 0.275
656.2  6536.28 Ha (1) 75.130
667.8  667.82 He I (46) 3.549
682.8 683.00 O VI 0.993
691.6  691.91 [A XI] (1) 0.501
706.4  706.32 He I (10) 5.285
728.0  728.13 He I (45) 1.076
731.4  730.80 0.287
732.07 Fe Il (73)
746.2  746.24 Fe II (73) 0.121
751.0  T751.59 Fe Il (73) 0.170
759.2  759.27 He II (6) 1.520
770.9 77119 Fe Il (73) 0.631

-1



Table 2 Hilivn Abundance.

Het/H
He I line using H/3 using Ha
587.6 0.14 0.12 -
667.8 0.33 0.30
706.5 0.18 0.16

Hett/H
He II line using H3 using Ha
468.6 0.09 0.08
541.1 0.08 0.08

He™ /H* He++/H He/H
Hp 0.16x 0.03 0.09:£ 0.::96 0.24:= 0.03
Ha 0.14+ 0.03 0.08+£ 0.006 0.22

2.2 .03

* Average of 387.6 and 706.5 lines only.
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