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ABSTRACT

Aims. We report on spectrally dispersed interferometric AMBERT| observations of the recurrent nova RS Oph five days after the
discovery of its outburst on 2006 Feb. 12.

Methods. Using three baselines ranging from 44 to 86 m, and a spectral resolutigia.bt 1500, we measured the extension of the
milliarcsecond-scale emission in theband continuum and in the Band He | 206 um lines, allowing us to get an insight into the
kinematics of the line forming regions. The continuum visibilities were interpreted by fitting simple geometric models consisting of
uniform and Gaussian ellipses, ring and binary models. The visibilities dfetetitial phases in the Btine were interpreted using

skewed ring models aiming to perform a limited parametric reconstruction of the extension and kinematics of the line forming region.
Results. The limited uv coverage does not allow discrimination between filled models (uniform or Gaussian ellipses) and rings.
Binary models are discarded because the measured closure phase in the continuum is close to zero. The visibilities in the lines are at
a low level compared to their nearby continuum, consistent with a more extended line forming region fo@&lerh2han Bry. The

ellipse models for the continuum and for the lines are highly flattehéal { 0.6) and share the same position angle (PA40).

Their typical Gaussian extensions arg 8 1.9 mas, 49 x 2.9 mas and 8 x 3.6 mas for the continuum, Brand He | 206 um lines,
respectively. Two radial velocity fields are apparent in the Bre: a slow expanding ring-like structurg,§ < 1800 kms?), and

a fast structure extended in the E-W directiggg(~ 2500-3000 km s?), a direction that coincides with the jet-like structure seen in

the radio. These results confirm the basic fireball model, contrary to the conclusions of other interferometric observations conducted
by Monnier et al. (2006a, ApJ, 647, L127).

Key words. techniques: interferometric — techniques: high angular resolution — stars: novae, cataclysmic variables —
stars: individual: RS Oph — stars: circumstellar matter — stars: mass-loss

1. Introduction characteristic dferences from classical novae (Starrfield et al.
S - ) 2000; Gehrz et al. 1998; Gehrz 1988): in particular very short
RS Ophluc_h| is a Sym_b|0t|c Recurrent Nova,.a binary systepacyrrence periods-(L0? years compared to about 1g@ears for
that comprises a red giant star (RG) and a white dwarf (WD) @fassical novae) theoretically require very massive white dwarfs
mass near the Chandrasekhar limit (see Hachizu & Kato 20Qse 1o the Chandrasekhar mass limit (Hachisu & Kato 2001).
2001; Shore et al. 1996; Bode 1987, and references hereifi}ne mass of the white dwarfs in recurrent novae is assumed to
RS Oph is famous due to its b.rlghtness during OUth 6 increase, they should eventually explose as a type la supernova
4) and a short recurrence period of about 20 yr. Historicallyyhen they reach the Chandrasekhar mass limit of about 1.38 so-

RS Oph underwent five outbursts, in 1898, 1933, 1958, 1964, mass but this hypothesis is still debated (Starrfield et al. 2004
and 1985, with the light curves very similar to each other (€.gwod-vasey & Sokoloski 2006).

Rosino 1987). Recurrent novae are characterized by nova erup-

tions with a recurrence time scale from a decade to a century RS Oph was discovered in outburst in 2006 Feb. 12.829 UT

and a brightness amplitude larger than 6 mag. They show sofdefined as outburst timg, Hirosawa 2006), having undergone

its last major outburst in 1985 (see Bode 1987). A campaign
* Based on observations collected at the European South&@s organized that incorporated observations ranging from ra-

Observatory, Paranal, Chile, within the program2iié . D-5049. dio to X-ray wavelengths and an impressive amount of data is
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being gathered, as is apparent from the recently published pa-
pers (Hachizu & Kato 2006; O’Brien et al. 2006; Sokoloski et al.
2006; Bode et al. 2006; Evans et al. 2006; Monnier et al. 2006a;
Hachizu et al. 2006; Das et al. 2006a). In 1985, the radio inter- [ Keck:8a1m, 403
ferometry technique had reached the sensitivity and spatial reso-
lution necessary to get a picture of the ejection during the earliest
stages (Padin et al. 1985; Taylor et al. 1989; Lloyd et al. 1993),
and nowadays optical interferometry is mature enough to pro-
vide complementary observations of this complex phenomenon.
Some transient phenomena such as novae in outburst have al-
ready been studied using optical interferometers e.g. Nova Cyg
1992 (Mark 1ll, Quirrenbach et al. 1993) or recently V838 Mon
(PTI, Lane et al. 2005a) and Nova Aqgl 2005 (V1663 Aql, PTI, I
Lane 2005b). The Very Large Telescope Interferometer (VLTI) L @@
offers the opportunity to investigate the earliest stages of no- r aD
vae from the near-IR with the AMBER instrument (Petrov et al. I
2003, 2007) and the mid-IR with the MIDI instrument (Leinert
et al. 2003). The current outburst of RS Ophiuchi has been fol-
lowed by three optical interferometers worldwide: IOTA, PTIFig. 1. Meanuv coverage over the time of observations of the VLT base-
Kl from t = 4 days tot = 65 days (Monnier et al. 2006a). Welines. The IOTA and Keck baselines are also shown (Monnier et al.
note that these optical interferometers lacked spectral dispers#®®6a). The projected baseline of the Keck measurement is very close
to disentangle the continuum versus emissive line signals. Vthe U14 baseline. Note that the VLT and Keck observation were per-
present AMBER observations of RS Oph secured rapidly, onjgrmed inK band, whereas 'OOTA.O”eS were performedtiiband, lead-
5.5 days after the outburst, in tieband with medium spectral ingtoan |(;1c_:rease of about 30% in spatial resolution for a given baseline
resolution R = 1500). The AMBER data provide information expressed in meter.
on the global shape and for the first time, the kinematics of the

ejection in two lines, By 2.17um and He | 2.06im. The later U14) over the time of observation (see-coverage in Fig. 1).
AMBER observations, performed i andK bands at low spec- The observations were conducted on 2006 Feb. 18.4JTh,
tral resolution are not presented here. JD = 2453784.38), i.e. at= 5.5 days after the outburst. This
All the observations, from the X-rays to the radio domaigorresponds to orbital cyclE = 7.97 of Fekel et al. (2000)
suggest a complex ejection process, far from the simple view @bhemeris: the red giant is at maximum radial velocity and is
a spherical ejection. We stress that the set of interferometric affightly in front. Only one triplet of visibility measurements
servations presented here is limited and it is not the scope of figis recorded due to the unfavorable position of the nova in
paper to constrain the distance of the object. We adopt hereafigs morning sky. Two data sets were recorded: a high SNR
the distance of 1.6 kpc established by the observations of th&ord (10 000 frames) centered in the B2.166um line and
last outburst (Hjellming et al. 1986; Snijders et al. 1987; Taylahe close-by continuum (velocity rang80094000 km s %) and
et al. 1989) and confirmed by the present ones (Bode et al. 20@6jow SNR record (30 frames) covering a larger spectral band
Sokoloski et al. 2006; Hachisu et al. 2006b). from 1.95 to 2.28m that includes two strong lines, theBr
The paper is structured as follows. In Sect. 2, we descri@ well as He | 2.05&m. The detector integration time was
the AMBER observations and the data processing. In Sect.5) ms as the seeing was good and the spectral resolution was
we characterize the most striking features of the signal by parso0 av = 200 kms?).
forming a qualitative interpretation. Section 4 is devoted to the For the data reduction, we used the software based on
quantitative interpretation of the absolute visibilities from thehe P2VM (pixel-to-visibilities matrix) algorithm (Tatulli et al.
continuum only, with simple models limited to three free paranpQ7). Three spectrally dispersed visibility anffeliential phase
eters. This section also includes a discussion of the data obtaiggges and one spectrum and closure phase curve are derived
from quasi-simultaneous observations of the IOTA and Keck inFhe visibilities were corrected for atmospheric and instrumental
terferometers (Monnier et al. 2006a). In Sect. 5, an attemptdffects using a calibrating starOph (G9.51Il,mx = 1.1,6 =
made to exploit the rich and complex information of the spe@ 92+ 0.03 mas in CHARM2 catalog Richichi et al. 2085=
trally dispersed By line by means of a family of parametric 2,94+ 0.08 mas from Richichi & Percheron 2005). For the sci-
models sharing spectrally independent properties: a continuigiice source, the error budget includes for each observable the
defined in Sect. 4 and narrow elliptical “skewed” rings for thetatistical noise of the observations, which is much lower for the
line emission. The aim is to characterize further the kinematigh SNR data compared to the low SNR ones, and for the vis-
ics of the line, but this “parametric imaging” approach is by nepilities the bias from the estimation of the calibrator diameter.

means a coherent model of the geometry and kinematics of sughe data for By (high SNR record) and Hel (low SNR record)
a complex source. Lastly, in Sects. 6 and 7, we conclude and dige shown in Fig. 2.

cuss these optical interferometry observations in the frame of the The Jow SNR curves of Br (not shown) agree fairly well
expanding fireball model, relating them to the latgecoverage with the high SNR ones, providing confidence in the Hel re-
radio-interferometry image secured at day 13.8. sults. In order to improve their quality, the low SNR data were
smoothed with a 9 pixels box, degrading the spectral resolu-
tion to aboutR = 500. The error bars in the closure phase of
low SNR data prevented the extraction of any scientifically valid
The VLT telescopes UT1, UT3 and UT4 were used providingonstraint on the object symmetry. TheyBine is dominantly
mean projected baselines of 86.1 m (PA.5°, UT1-UT3, here- triangular and peaks at about 4.3 times the continuum level. Hel
after U13), 46.8 m (PA= 109.0°, U34) and 87.0 m (PA= 36.(°, is also triangular but its blue side is more extended. FWeIMs
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Fig. 2. AMBER observables extracted from the data recorded the 2006 Februdrprh®op to bottom: 1) AMBER spectrum of the By (left) and

Hel (right) lines.2) Visibilities for the three baseline (upper line U34, middle U14, lower U13). The mean continuum levels of the high SNR data
(dotted lines) are overplotted for comparis8hDifferential phases (upper line U34, middle U14, lower U13). The U14 and U13 lines are shifted
by 25 and 50 degrees, respectively. The mean continuum levels (dotted lines, zero level) are overplotted for cod)peresclosure phase. The
dotted line emphasizes the zero level. All the curves result from the interpolation of the measurements by straight lines.

(deconvolved from the spectral resolution of AMBER) ofyBr visibilities from 1.95um to 2.25um is apparently stable within

and Hel are about 1300 kmsand 1500 km3!, respectively the error bars. The visibilities decrease strongly in the &nd

(see also Evans et al. 2006; Das et al. 2006a). Hel lines and the hierarchy of visibility levels is kept through the
line, suggesting a similar geometry for the emitting regions, but
at larger scale.

3. Qualitative interpretation . . .
Q P An “S-shaped” signal can be seen in the U14 and U34 dif-

In the results shown in Fig. 2, it is immediately obvious that thierential phase curves implying that the ejecta are clearly split
emission from the nova ejecta is not spherical. The continuumby the spectrograph between red and blue-shifted motions at
well resolved and the baseline U18,: = 0.5+ 0.02) shows different sky positions. The extrema of the S curves are de-
a visibility in the continuum significantly smaller than the basetermined by the maximum photocenter shifts of ther Bmis-

line U14 (/cont= 0.64+ 0.04) with a similar baseline length andsion projected on the baseline directions. The radial veloci-
a close PA. Moreover, the visibility of the smallest baseline U3des of the extrema are567/661 and—-944850 kms™ for
(Meont = 0.72+ 0.03) is very close to the visibility of U14, im- U34 and U14 respectively. A strong phase junipVHM =
plying that a relatively extended environment is seen in that pa&i00 km s') dominates the Br phase signal of U13 and can be
ticular direction £110°). Note that the level of the continuumattributed to the crossing of a null of the visibility curve. The null
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Table 1. Results from the fit of the continuum and core of the lines by means of geometric model fits. Note that these models are centro-symnm
and have a zero closure phase as observed for the continuum, but not for the lines. The quoted errors ardexeihe 1

Model Uniform ellipse Gaussian ellipse Uniform ring
Parameter PA ® (mas) FWHM (mas) PA ® (mas)
(degree) Major Minor Major Minor (degree) Major Minor
Continuum 2.13im | 142+5 4.9+04 3.0+0.3| 3.1+£0.2 19+03| 143+5 3.7+£03 19+02
Bry2.17um 140+4 75+03 4.7+04| 49+03 29+04| 145+5 56+04 29+0.3
He 12.06um 140+8 9.5+0.7 5.0+09| 6.3+06 36+0.8| 177+15 6.8£0.7 3.2+05

signature is shifted at radial velocity220 + 90 kms™' and modelthat is also able to provide satisfactory fits is a ring model.
seems to be mixed with a low level (amplitud#0°, from-1500 Such a model is natural in view of the impressive radio image
to 1500 km s?) inverted S-shaped signal, probably responsiblgbtained with the VLBA array at = 13.8 d showing a moder-

for the observed shift. The baseline U34 (RA110°) shows ately flattened ring (O’'Brien et al. 2006). However, this model
an inverted S-signal with extrema reaching 2500 Kinsiggest- is more complex involving 4 parameters. In order to keep the
ing that fast material is seen in the East-West direction. This sigrodel simple, the width of the ring was kept fixed to 0.05 mas.
nal is weak in the U13 and U14 baselines but is confirmed in tiizue to the large error bars of the Hel line data, several models
closure phase that exhibits a detectable asymmetry at velocitiesre possible and only the smallest extension was kept. The best
reaching-3000 km s2. It is worth noting that the high SNR con- parameters are also included in Table 1. Such a model could help
tinuum closure phases are close to zero{&@.3), implying to explain some apparently contradictory measurements in the
that the continuum source is centrally symmetric. Moreover, tHeame of the ellipse modes between VLTI, Keck and IOTA inter-
integrated diterential phase from U14 and U34 overtheBne ferometers (see discussion).

is very close to zero. The spectrally unresolvegt Bmission is

probably centro-symmetric, but it isficult to claim this with _

confidence because of the strong phase jump of the phase fré@ Broad-band IOTA and Keck observations

baseline U13. . . . .
The recording of a single triplet of observations prevented us

getting a clear image of this spatially complex outburst, and we

4. Model fitting: continuum could try to include the data recorded by the Keck and IOTA in-

. . terferometers to improve the picture of the infrared source.
4.1. Spectrally dispersed AMBER/VLTI observations Betweert = 4 andit =p11 days, seE)veraI triplets of baselines were
We used simple uniform and Gaussian ellipses to fit the cofgcorded with the IOTA interferometer operatingdrband. The
tinuum visibilities and also the visibilities in the line center, fonova is almost unresolved for the smallest IOTA baselines and
which the continuum contribution is at most 25% of the line fluxthe information being mostly carried by the longest oreXXm,
Taking into account the error bars of the measurements, goBf ranging from 20 to 50°). There is also a unique long base-
quality fit parameters of the models can be found in Table 1. Fse record from the Keck Interferometer = 4 days, with
each model, there are three visibilities and three free parameté$rojected baseline8(= 84.1 m, PA= 40.3") very similar to
the major axis diametet,, the position angle and the eccentricour U14 one. Theiav coverage is strongly biased toward the di-
ity. The striking result is the consistency between the angles déction of the minor axis of the ellipses presented in this paper
rived in the continuum and in lines, and their strong flatteningthough the extension of their symmetrical Gaussian models is
The ratio of the minor and major axis of the continuum and th@uch larger than the minor axis of the Gaussian fits. The Keck
Bry line ellipses are equivalent(.6) whereas the one for the Visibility measured at = 4 days is 0.45)%, to be compared
Hel line ellipse is smaller<0.52). with the U14 continuum visibility of 0.6433 i.e. about 40%

A binary model was also tested given the strikinfjetiences larger. This discrepancy is larger than the error bars of the mea-
of visibility levels between the baselines and because Monnigurements and can, at least partly, be attributed to the lack of
et al. (2006a) have interpreted data on RS Oph obtained wipectral resolution of the Keck measurement, for which the high
several broadband optical interferometers in terms of a bindgvel of continuum visibilities and the lower level line signals are
model with moderate flux ratio (separation 348.12 mas, po- mixed. The Keck observations were carried out witk-dand
sition angle 36 + 10°, brightness ratio 0.42 0.06). Their uv- filter centered aflp = 2.18um with A1 = 0.3 um. An estima-
coverage is very elongated such that the parameters of the maitai of this dfect can be extracted from the low SNR data that
are not well constrained. The binary models in Monnier et atover more than half of thiK band (1.93-2.26m), and include
(2006a) were tested upon the VLTI data. Good fits to all visibithree strong lines (Bt, He | 2.058 and Bf) that represent more
ity amplitudes could be found but the continuum closure phadiean 25% of the flux in this band (see Fig. 3). Considering that
measured by AMBER was always inconsistent by more thanthe 2.25-2.33:m regions devoid of strong emission lines and
least & compared to the ones determined from a broad rangetbfat the Keck observations were secured slightly earlier than the
parameters based on their binary model. Moreover, the allowglT! observations, when the line emission was lower, we can
binary parameters are also restricted by the weak changes of éiséimate the flux emission in their band to about 20%. The mean
continuum visibilities from 1.95 to 2.26m. We do not think bi- U214 visibility over the spectral range 2.03—238 (taking into
nary models are physically plausible given the small fraction @fccount the 2.26—2.33n continuum level) is 0.52 (20% lower
the early outburst flux that is expected to come from (or neatf)an the continuum value), and close to the Keck value. The dis-
the secondary (see discussion). crepancy, still above the upper value of the Keck estimated visi-

The continuum model is almost certainly centro-symmetridility (0.5), may be significant considering that the AMBER ob-
As a consequence, we restricted our interpretation to the usesefvations were conducted when the source was slightly more
models derived from the single object approach. An intermediag¢etended, 1.5 day after the Keck ones, and with a longer
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phase jump of baseline U13 corresponding probably to a null
crossing that can hardly be reproduced by our simple model.
The flux of the rings is determined by the line flux (i.e. nor-
malized flux minus one) of the observed spectrum. Some tests
were performed showing that the position angles and eccentric-
ity of the rings are predominantly found near the value of 140
and 0.6 (as for the continuum and center of the line fits reported
in Table 1). These values were kept fixed during the fitting pro-
cedure so that the continuum and rings share the same position
angle for the major axis and the same ratio between major and
minor axis. The main free parameters of these “axi-symmetric”
L rings are their major axis and width. The fits were performed
LD i empirically without using an automatic convergence procedure,
VIR B0 AR eiength in micren - 20 2 as they were providing too much channel to channel instabilities.
Fig.3. K band spectrum recorded by AMBER. The lines contribute tgonsequently, the propqsed SOIUtlor.] is by no means the “’."q”?
more than 25% of the total flux in this spectral band. and_ the best one. The widths of the rings are poorly constrained:
their values were first chosen to slowly evolve between 0.8 mas

in the wings and 1.1 mas in the line core, but other solutions can
projected baseline, implying that AMBER should have observésk found that were favored in the second step of the fitting pro-
a systematically lower visibility. cess to improve the fitting of theftirential phases. The range

It must be stressed that th&ext of the lines in broad-band of major axis of the rings is 4.4—7.6 mas, in between the extrema
measurements depends in a complex manner on their numheifues from the continuum andBline models of Table 1.
flux, on the position angle and projected length of the baseline |n a second step, theftérential phase information is taken
and indeed, on the (time variable) geometry of the source. jiito account by modulating the elliptical ring brightness as
our case, the mean U34 visibility is only 15% lower than thg function of azimuth by a sinusoid. The model is no longer
continuum one while the mean U13 visibility is more than 400/axi_symmetric, and new fits are performed using the uniform
lower. TheH band (o = 1.65um, A4 = 0.3 um) IOTA observa- ring models as a starting point. This method is inspired by
tions are also probably dominated by the numerous Bracket lingg “skewed rings” extensively introduced by Monnier et al.
merging to the Bracket jump contribution of at least 15-20% qb006b). The result is an empirical 2D projected kinematical
the H band flux, Das et al. 2006a). At the time of these obsemap (see Fig. 5) that fits all the interferometric observables and
vations, their contribution must be accurately known and the egerfectly accounts for the spectrum by construction (Fig. 4).
tension of their forming regions also. The longer IOTA baselinephe additional parameters are the amplitude of the modulation
(~20 m) are oriented roughly in the direction of the minor axig“skew” in Monnier et al. 2006b) and the position angle of the
of our models (20-5C°) but the GaussiaRWHM of 3.3 mas modulation (“skew-PA"). A fit of the ring parameters is per-
deduced from the IOTA observations is longer than the longgsrmed for each velocity interval and the resulting parameters
axis of our continuum ellipse or longer than the minor axis ddre convolved with the spectrograph resolution (3 pixels).
the Bry one. Certainly the contribution from the lines to the in-  The skew-PA was well-constrained by th&eiiential phases
terferometric signal is important and the picture of the explosioghd only a small range of angles could account for the three dif-
in the H band seems fierent from the one in thi band (see ferential phases simultaneously. The “skew” was much less con-
for instance Evans et al. 2006, Fig. 4). Without spectral resgtrained due to some degeneracy with the size and thickness of
lution and with a limiteduv-plane coverage, the understandingne rings: this parameter controls the amplitude of the phase sig-
of the visibilities observed by optical interferometers for suchg|, weighted by the line contribution normalized to the con-
a spatially complex and time-variable source is problematic ag@yum. In the example shown in Figs. 4 and 5, the skew was
it is extremely dfficult to merge the IOTA data with the othersjimited to 0.3 from 3050 km3 to =215 km s, and then in-
in order to get a global picture of the infrared source. creases steadily to reach 0.8 for chany@050 km s in order
to account for the strong phasffext still seen at this velocity
whereas the line flux represents less than 5% of the continuum
flux. The limits of this simple approach are rapidly reached. The
To exploit further the extensive spectral information and the difskew” necessary to account for the data was close to 1 for these
ferential phases recorded, we adopted a “parametric imaginggirticular channels<3050 km s* and beyond) and the fit of the
approach used on the good qualityyBtata alone, and not on differential phase of baseline U34 was not satisfactory. At these
the low SNR data that include the Hel line. Even though the visvavelengths, the line contribution is less than 10% of the contin-
ibilities of the low SNR data agree well with the high SNR onesjum, but the interferometric signal is still large. This is an indi-
the noise level in the dlierential phases is such that it idfi  cation that the ring model is probably inadequate. The line emis-
cult to estimate their true spectral shape. In each spectral chaion, at the origin of the large photocenter shift withessed by the
nel through the By line, we first fit the visibilities with a model baseline U34 is probably located farther than the spatial limits of
involving the previously defined uniform ellipse for the continthe ring imposed in our model and should be replaced by a point
uum (cf. Sect. 4.1 and Table 1) and an elliptical uniform ring foor a jet-like feature fi-centered at PA 270°. This is also proba-
the line emission. The continuum ellipse is the reference, withy true for the channel 3050 kntsbut this is less visible in our
differential and closure phases equal to null. Seven observaldasa. Furthermore, the strong phase jump seen in the U13 base-
are used for the line fitting: the spectrum, three visibilities arlithe data is not accounted for directly with this simplistic model.
three diterential phases. The closure phase was not employiddvertheless, the model is able to reproduce the global level
in the fitting process: it is by construction zero in the continef the observed visibilities and fiiérential phases. This model
uum model (as observed) and the line center is dominated by ttenfirms the qualitative interpretation previously presented. Two

Narmalized continuum

5. Model fitting: lines
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2000 picture of the outburst at day 5.5. An expanding fireball is seen,
‘ in the continuum and also in the lines. The lines form a kind
of Strdmgren sphere, the Biine forming region is less ex-
tended than the He | 2.Q@n one, and about twice as large as
the continuum forming region. The physical mechanism for the
formation of the He | 2.0im (2'S—2P) line depends on the
level of ultraviolet continuum from the nova, the optical depth
of the He | 585 A (£S-2P, hy ~ 21 eV) line, the decay of
higher!D levels, and also on the helium abundance in the ejecta
(cf. Shore et al. 1996; Anupama et al. 1989; Evans et al. 1988;
Whitelock et al. 1984). The level of the line flux and its spa-
tial extension imply that the line is formed in or even beyond
o - - - the fastest ejecta in an optically thick layer illuminated by the
' " Wavelength in micron ' strong UV flux from the outburst. It must be noted also that the
VLTI observations were performed close to the end of the phase
of the outburst dominated by the ejecta, estimated at absut
5-6 days (Sokoloski et al. 2006; Bode et al. 2006; Das et al.
2006a), after which the shock velocity declines rapidly. At that
time, the swept up mass is equivalent to the ejected shell mass.
The closure phase measured in the continuum with the 44 m
to 86 m baselines excludes the Monnier et al. binary model for
the earliest stage of the outburst, whenlthband magnitude is
still in the order of 4-5, i.e. 2.5—-1.5 mag brighter than the system
magnitude at quiescence (Evans et al. 1988). The closure phase
value, very close to zero, implies that the continuum emission is
centrally-symmetric. It must be stressed however that any model
involving a binary component will be appropriate as soon as the
2 ovelength in micon” near-IR flux is no longer dominated by the ejecta i.e. when the
flux from the red giant is a non-negligible fraction of the total
Fig. 4. Example of the fit of the visibilitiesupper panel) and diferential flux of the system. In the Hachisu & Kato (2000, 2001) model,
phaseslwer panel) with the skewed ring models (see text and Fig. S5the irradiated face of the red giant and the accretion disk have to
The fit was performed in two iterative steps. First, the visibilities ange taken into account from days 4 after outburst, near our time of
fitted using the uniform continuum and a ring for the line whose ﬂufftieservation, mostly to account for the UV and optical fluxes. As

is proportional to the I|_ne emission at the_con&dered_spectrgl (_:han ejecta expand rapidly, severdleets arise: their flux drops
In a second step, a sinusoidal perturbation of the ring emission (the

skew) is introduced to modulate theffdrential phase of the model.and their correlated flux (i.e. the flux detec_table by an interfer-
The process is iterated several time. The smoothest solutiofawared ©OMeter) drops also due to the large extensions reached (18 mas

but the data are obviously richer, evidencing the complex geometry @Hcday 25 at 1000 kns and assumin@ = 1.6 kpc). However,
kinematics of the source. at day 5.5 th&k band magnitude was about 3-3.5 (Evans et al.

1988) bearing in mind that the magnitude of RS Oph at quies-
cence is 6.5 (flux that can be almost fully attributed to the red
expanding velocity fields are present, a “slow” one begiant). Itis hard to conceive that the near-IR flux was distributed
tween —1800 and 1800 kms and a “fast” one, between such that 40% originates in the vicinity of the red giant as in the
—3000-1800 kms* and 18008000 kms™. The slow velocity model of Monnier et al. (2006a). The alignment of the contin-
field is modeled with rings of moderate skewness and slowlyum and line main direction in the frame of the ellipse models is
changing skew-PA that are needed to account for tierénce a further argument for an expanding fireball.
of the velocity of maxima of the S-shaped phases (skew-PA
from 55 to 110, modulus 180). The phases are probably ac- . ) . .
counted for by a model of a ring-like structure in expansion, th&2- Comparison with radio observations

m'ay.correspond to the equatorial structure of the model frog good complement to this optical interferometry study is
O'Brien et al. (2006, their Fig. 4). Beyond 1800 kiristhe fast o spatially resolved radio-interferometry map obtainet-at
velocity field is required to explain the flip of theffirential 13 8 day (O'Brien et al. 2006), shown in Fig. 6 together with
phases. Since the signal is dominantly carried by the U34 baggs pest uniform ellipse models. In the ellipse interpretation, the

line, the skew-angle of the fast componentois well defined in the pand continuum and line emission are highly flattened and
East-West direction (skew-PA 90270+ 5°, stronger skew- qrjented in the same direction, al35°. This particular direc-

ness). The geometry of this fast componefiieds significantly tion has never been reported in the literature (mostly radio ob-

from the slow one and is not less convincingly accounted fQryations) and is in contrast with the radio image, dominated

within the frame of our model. by an almost circular structure extended slightly N-S, signifi-

cantly brighter on its eastern sitleTheir interpretation is that

6. Discussion this is the waist of a bipolar structure exter)ded E-W and tilteq
' at an angle 20—40 degrees to the line of sight. The angular di-

6.1. An expanding fireball seen by AMBER ameter of the radio structure at= 13.8 d is 17 mas, scaling

Radial velocity in km/s
-6000 —4000 —2000
T T

80

Thanks to the long baselines of the VLTI and the spectral res The ratio between the E-W minor and N-S major axis suggests
olution of AMBER, we were able to present an approximaten inclination of~35-40.
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Continuum —3050 —2495 —1940 —-1385 —-830 —275 275 830 1385 1940 2495 3050

¢ 00000000000

Fig. 5. Parametric model of the data involving a uniform ellipse for the contindeft) the size of the major axis is 4.9 mas, other parameters can
be found in Table 1) and a “skewed ring” that account for both dispersed visibilities &rdedtial phases (other panels, the continuum ellipse
is not shown but taken into account in the calculations). The labels are expressed n khesmages at each velocity channel are normalized
and do not reflect the relative fluxes in thefeient velocity channels. The number of images shown is limited: there are about 80 visibility
measurements in the Bline and 35 independent spectral channels.

radio clumps (PA~ 110-150) coincides with the direction of
our correspondingly more flatten&dband continuum, Brand

Hel structures. The origin of such an asymmetry could tenta-
tively be questioned as thdfect of particular configuration of

the WD and the RG at the moment of outburst. However, based
on the ephemeris of Fekel et al. and assuming a line of nodes at
PA ~ 177 (Taylor et al. 1989; O'Brien et al. 2006), the position

of the red giant should be close to RAL50-170 at phase 0.97.

It is obvious that at least a strong perturbation of the flow-at

5.5 d is encountered near the red giant photosphere that has po-
tential dfects, especially in the near-IR. The WD-RG separation
is typically 1 mas (assuminD = 1.6 kpc), and the red giant di-
ameter 0.4 mas: seen from the ejection center, the covered angle
is about 15-30 At t = 5.5 d, theK band emitting ejecta spanned
about 2 times the WD-RG distance and probably kept a strong
signature of the perturbation by the RG, which should eventually
dilute as the ejecta expand. This signature may also be imprinted
in the earliest high resolution radio images. Finally, the E-W di-
rection of the fast By emitting regions seen with ourftirential
phase coincides with the direction of the jet-like structure devel-
Fig. 6. Sketch of the near-IR ellipses extensions compared with the @ping in radio images at day 21.5 and after, but the near-IR radial
dio structure observed &t 13.8 d (thick extended ring, O’'Brien et al.velocities are about two times slower than the apparent motion
2006). The continuum ellipse is delimited by the solid line, the ellipssf the structure in the radio.

that corresponds to the core of)Bby the dotted line and the one cor-

responding to the core of Hel by the dashed line. The small dotted line

delimit the By ellipse scaled at= 13.8 d. North is up, East left. 7. Conclusion

We have reported the early near-IR AMBER interferometric ob-
) ; servation of the outburst of RS Oph, a spectrally impressive but
extension, and is smaller than the Hel one. On the one hagy;ia|ly limited dataset from the point of view of image recon-
the expansion veloCitjvex| Of the radio ring was determined g ction. These observations performed 5.5 days after the out-
precisely to 1730 kms from North-South flux slices (O’Brien pyrst provided an estimation of the extent of the continuum, Br
et al. 2006, Fig. 2). This value is within the range of radial veand He | 2.06:m forming regions and some physical constraints
locities of our “slow” velocity field|vrad®. One the other hand, on the ejection process as seen in the near-IR. The global picture
the equatorial plane of the system: the fact that we see the *fag{e continuum and line forming regions, despite various phys-
velocity field in the By line |mplles that the mterfero_meter SeeScal process at their origin, is a non-spherical fireball at high-
a more complex structure projected on the sky not limited by thgs|ocity expansion. Our results represent a good complement of
emission (E"aps_et al. 1988, 2006). In the frame of the ejection | order to study carefully fast evolving events like nova, su-
model from O’Brien et al. this means that both the equatoriglrnoyae, and other kinds of outbursting sources, we have shown
waist and the bipolar lobes may contribute to the shape inferrgh; it is critical that spectral and imaging capabilities must be
from AMBER data result. As a consequence, it is not surprisingajjaple simultaneously. Thev coverage has to be such that
that the global shape and position angle of the near-IR sourggood picture of the ejection must be recorded in one-two nights
seen by AMBER dter from the radio one. _ at most and a minimum spectral resolution is mandatory to, at
_ The radio ring is rather clumpy and dominated by a feyast; isolate the line signal from the continuum one. Thi-di
bright structures. In particular, the direction of the brightes|; task can potentially be achieved with the current capabilities
2 Note that if the velocity field was purely in the e uatorian the AMBER instrument, but it fits more easily the goals of the
plane, then the maximum raélial velocity ogserv)éble shouldqbe aro ond generaf“on ,NIR and MIR VLTl instruments under study,
1400 km $. This is in agreement with the radial position of the peaks &@PI€ to recombine light from at least 4 telescopes.
the S-shape dierential phase ranging from 600 to 1500 Kntracing The near-IR picture of RS Oph evolves in a complex way:
the bulk of the emission from this structure (cf. Sect. 3). it is a mix of increasingly extended ejecta emitting a continuum

down to 6.8 mas dat= 5.5 d. This value is close to the Bline
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and also many lines whose fluxes decrease with time, and a vebge, M. F. 1987, ed. RS Ophiuchi (1985), and the recurrent nova phenomenon
compact source (at the assumed distance of 1.6 kpc) that be- (Utrecht: VNU Science Press)

f ; f as, R. K., Banerjee, D. P. K., & Ashok, N. M. 2006a
comes dominant during quiescence. In order to develop mdd@ [arKiv:astro-ph/0611254]

els of the nova outburst, it is of prime importance to constrai§,s 'r k., Ashok, N. M., & Banerjee, D. P. K. 2006b, CBET, 730
further the fundamental parameters of the system, in particulaans, A., Callus, C. M., Albinson, J. S., et al. 1988, MNRAS, 234, 755
its distance, inclination and parameters of the orbit in the plaig®ans, A., Kerr, T, Yang, B., et al. 20081Xiv:astro-ph/0609394]

of the sky. This can only be achieved by optical interferomg:ekel F. C. Joyce, R R, Hinkle, K- H., & Skrutskie, M. F. 2000, AJ, 119, 1375
. . Z, R. D. ) y £0,
ters and we advocate a monitoring of the system by the VL@ehrz, R.D., Truran, J. W,, Williams, R. E., & Starrfield, S. 1998, PASP, 110, 3

in the course of the orbital pgriod of 455 days, that should Premchisu, 1., & Kato, M. 2000, ApJ, 536, L93
vide an accurate determination of the component masses. Thishisu, I., & Kato, M. 2001, ApJ, 558, 323
implies to use the longest VLTI baselines available with the UTHachisu, I., & Kato, M. 2006, ApJ, 642, L53

_ ; ; ; Hachisu, I., Kato, M., Kiyota, S., et al. 2006, ApJ, 651, L141
(100-130 m) in thel andH band preferentially, with the low Hirosawa, K. 2006, 1AUC. 8671

resolution modeR ~ 30). With this range of baseline, the in-pyeming. R. M., van Gorkom, J. H., Seaquist, E. R., et al. 1986, ApJ, 305, L71
dividual components of the system can be considered as unrane, B. F, Retter, A., Thompson, R. R., & Eisner, J. A. 2005a, ApJ, 622, L137
solved by the interferometer. Such a study is possible now tHaine, B. F., Retter, A., Eisner, J. A., et al. 2005b, AAS, 20710408

the red giant signature is visible again through the CO signatu@nert, Ch., Graser, U. Przygodda, F. etal 2003 Ap&ss, 286,78
in theK band as observed by Das et al. (2006H):a243 days. —¥{,0 " B00e: M. B DENEN T & & Raln, £ 5. 2590 » 205

. ) Monnier, J. D., Barry, R. K., Traub, W. A., et al. 2006a, ApJ, 647, L127
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