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ABSTRACT

Aims. T Pyx is the first recurrent nova historically studied, seeoutburst six times between 1890 and 1966 and then not for 45
years. We report on near-IR interferometric observatidrih@recent outburst of 2011. We compare expansion of thedHapand
continua and the Bremission line, and infer information on the kinematics aratphology of the early ejecta.

Methods. We obtained near-IR observations of T Pyx at dates rangom f£2.37d to £48.2d after the outburst, with the CLASSIC
recombiner, located at the CHARA array, and with the PION#8id AMBER recombiners, located at the VLTI array. These dega
supplemented with near-IR photometry and spectra obtahstbunt Abu, India.

Resuits. Slow expansion velocities were measure8f0km s?) before £20d. From £28d on, the AMBER and PIONIER continuum
visibilities (K and H band, respectively) are best simutatéth a two component model consisting of an unresolvedcplus an
extended source whose expansion velocity onto the sky péalwever than~700km s*. The expansion of the Brline forming
region, as inferred at28d and £35d is slightly larger, implying velocities in the range 5800km s?, still strikingly lower than the
velocities of 1300-1600km-$inferred from the Doppler width of the line. Moreover, a rekable pattern was observed in theyBr
differential phases. A semi-quantitative model using a bipftar with a contrast of 2 between the pole and equator vekgitn
inclination of i=15° and a position angle P.A110 provides a good match to the AMBER observables (spectfferential visibilities
and phases). Ae48d, a PIONIER dataset confirms the two component natureedfitband emission, consisting of an unresolved
stellar source and an extended region whose appearanceutciand symmetric within error bars.

Conclusions. These observations are most simply interpreted within tamé of a bipolar model, oriented nearly face-on. This
finding has profound implications for the interpretatiorpakt, current and future observations of the expandinglagbu

Key words. Techniques: high angular resolution; (Stars:) novae cbataic variables; individual: T Pyx; Stars: circumstelaatter

1. Introduction interferometry arrays such as CHARA and the VLTI. T Pyx is
. ) surrounded by an interesting nebula in expansion that hexs be

A classical nova eruption results from a thermonuclearwaya nyestigated by the HST during more than 10yr (Schaefer.et al

on the surface of a white dwarf which is accreting mater@ifr 5010 and references therein). The knots are expandinggin th

a companion star in a close binary system. T Pyxidis (T Pyx) j$ane of the sky with velocities ranging from roughly 500 57

a unique recurrent nova that was in outburst six times betwegy -1 |n contrast, the velocities inferred from Doppler widths

1890 and 1966 (intervals 0f20yr). TPyx was discovered in of the ejecta of recent outbursts were observed to be mutgr fas

outburst at a visual mfignltude of 13.0 on 2011 April 14.29 U3t about 1500 km—<. Although T Pyx is a well-observed sys-

(JD=2455665.79); which we take ag=0 (Waagan et al. 2011). oy it still has many mysteries. Why did the ejecta expand so

This is the first outburst of T Pyx since December 7, 1966,Iy|eag|ow|y in the plane of the sky? An important spectroscopidgt

45 years before. of the binary system from Uthas et al. (2010) provided evigen

~ The evolution of the nova is relatively slow, thereby previdof a low-inclination for the system orbit<{10+2°), a particu-

ing time and scope for organizing joint observations witi@@  |arly important constraint for the interpretation of irfeomet-

ric data, as it appears that the ejecta emitted around thése o

Send offprint requests to: Olivier.Chesneau@oca.eu bursting sources are rarely spherical.

* Based on observations made with CHARA at Mount Wilson ob-
servatory and the VLTI at Paranal Observatory under progtambD- This letter presents optical interferometry measuremats
5012, 287.D-5023, 087.C-0702 tained from dfferent facilities which provide important infor-
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Table 1. Journal of interferometric observations.

date MJD t-§ Instrument Base projected baselines Calibrdtors
2450000.5 Phase length [m] P.A°T
201304/17 5668.16 2.92 CLASSIC W1-W2 107.4 -87 HD 78752, HD 79290
2011/04/23 5674.04 8.81 AMBER KO-Al-11 45/200.3120.2 —159.096.2 —-105.0 HD 73947
2013/04/26 5678.06 12.81 PIONIER A1-G1-11-KO /B®42/11382/44 -52/-74/-127/81/3923 HD 78739
2011/04/28 5679.18 13.93 CLASSIC W1-E2 20213.3 —-79.482.8 HD 78752, HD 79290
20130512 5694.00 28.76 AMBER uUT1-3-4 59%.§117.7 127.M43.73.3 HD 73947
20170520 5701.02 35.77 AMBER UT1-3-4 5689.9105.6 136.8-13378.6 HD 73947, HD 87303
201306/01 5713.99 48.74 PIONIER DO-G1-HO-11 @8/6367/37/40 17396/132/25/57/180 HD 78739

& Calibrator angular diameters from SearchCal@JMMC(Boanea al. 2006): HD 78752 (GOV, 0.2D.02mas), HD 79290 (AQV,
0.13:0.01mas), HD 73947 (K2lll, 0.88).02mas), HD 87303 (K2lIl, 0.940.07mas), HD 78739 (KOIIl, 0.320.02mas).
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Fig. 1. Light curve of T Pyx with the dates of the optical interferdnye

observations. Blue diamonds indicate a subset of AAVSOidafaand

green squares in |. Orange triangles and red stars indicatelf band but a useful spectrum was obtained. The second and third mea-

photometry from Mt Abu (India) . surements, obtained with the 8.2m Unit Telescopes (UTs) at
t=28.76 (K~4.9) and £35.77d (K5), provided good quality

_ ) o ) ~ dispersed visibilities, closure andidrential phases (see Fig.5).

mation when included within a common frame of interpretatio ynfortunately, the calibrator measurement for the lase dof

The observations are presented in Sect. 2. In Sect. 3 wez@nalyoor quality preventing any reliable calibration of the albge

the continuum measurements by means of simple geometrigaipility.

model,- and the dierential Obse.rvables through the}/Bme us- |rnag|ng broad_band interferornetric Obwvations were Ob_

ing a simple model and then discuss the results in Sect. 4. tained at £12.81d (Hv6) with the PIONIER visitor instrument

(Berger et al. 2010; Le Bouquin et al. 2011). These observa-

tions provided the simultaneous measurement of 6 absglutel

calibrated visibilities and 4 closure-phases in the H-h#mere-

Near-infrared JHK photometric and spectroscopic observations fore allowm_g t_he study _of the spatial morph_ology of the Rear
were obtained on a regular basis from the 1.2m telescope at fifrared emission. A critical second observation was olstdiat
Mt. Abu Observatory, India. These measurements helpedsto pi=48.74d (H6), again with the ATs (Fig.3).
pare the interferometric observations and to evaluate efee r
tive contribution of the various continuum and line computse
(Fig.1). Initial observations are reported in Banerjee &héls
(2011) while a fuller study is in preparation. The absolute visibility measurements were fitted with sengs-
Prompt broad-band interferometric observations were se- ometrical models using the LITpro software (Tallon-Boselet
cured with CLASSIC, a two-telescope high sensitivity sgste 2008, JIMMC). The results are shown in Table 2. A simple uni-
located at CHARA on Mt. Wilson (ten Brummelaar et al. 2005form disk (UD) model, i.e. a circular disk of uniform bright-
Despite the faintness and low declination of the sourcegidas ness in the plane of the sky, was fitted to the measurements for
tions in the K-band were obtained at2.92d (K~6.4, from Mt the early observations. For later observations, a two corapb
Abu observations) and-1.3.93d (K5.7). The log of the obser- model consisting in an unresolved component, and a cofezhte
vations is presented in Table 1 and the data in Fig.2. uniform disk was used. No evidence of asymmetry was detected
Severalnterferometric observations at mediumspectral res-  in the data.
olution (R=1500) across the By-line were obtained with The first K-band CLASSIC measurement, obtained with a
AMBER, a 3-telescope combiner located at the VLTI (Petrov100m baseline was consistent with a weakly resolved source,
etal. 2007). The first observations were performed with tBenl while the second set+13.93d) with a baseline about twice
Auxiliary Telescopes (ATs) at=88.81d, when the source wasas long, shows a resolved source whose size does not seem
below the interferometric sensitivity limit of AMBER (5.7), to be dramatically changed. The first PIONIER measurements

2. Observations

3. Analysis
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Table 2. Analysis of the \? using geometrical models.

Instrument Spectral Band  §-t | Single component model Double components model
day UD diameter Unres. Flux  UD Flux  UD diam.
[mas] [%] [%] [mas]
CHARA/CLASSIC broad K 2.92 1.+0.2 - - -
VLTI/PIONIER broad H 12.81 0.6£0.1 - - -
CHARA/CLASSIC broad K 13.93 1.12:0.14 - - -
VLTI/AMBER 2.1+0.0um  28.76 2.58:0.3 65+12 35:8 7.3:0.3
VLTI/PIONIER broad H 48.74 2.23:0.1 83+9 17+2 8.5:0.2
T T T T T T
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Fig. 3. H-band interferometric visibilities obtained with PION®REat 0(;“\ ‘1‘0‘ B 2‘0 B 3‘0 B ‘4‘0‘ T
t=12.81 (open red) and=#8.74 (filled green). The corresponding uv- Time since discovery (in day)

plane is displayed in the subpanel. Fig. 4. Result of the Uniform Disk (UD) estimates from the contin-

uumV?2 measurements from the various interferometers. Befe26d,

. . o the source size is estimated using a single UD in the H and Kdan
(t=12.81d) provided a H-band UD diameter significantly smallgp|oNIER: orange triangle; CLASSIC: red diamonds). The pasnts
than the CLASSIC K band measurements, even taking into agdicate the extended source in the double component mMAMBER:
count the small time dlierence between the two measurementsd square; PIONIER: orange triangle)
This dfect cannot be attributed to emission lines seen at these
dates, that contribute less than 10-15% of the flux in the Hiban
and less than 5% in the K band. A large scale component with
a rising flux contribution in the K band may account for the ob-
servations, and is consistent with a H-K fluxtdrence of 0.33
mag that is observed consistently during the event. Assgimi
a two component model, with a fixed contribution of+1@®%
from a 'stellar’ source with a diameter of 0.6mas, the exézhd
K-band source should have a diameter larger than 1.5-2mds,
therefore be almost fully resolved by CLASSIC. Assumingsa di
tance of B=3.5+1kpc from Schaefer et al. (2010), that may be
lower limit (Shore et al. 2011), the expansion velocity mnéel
from such an extended component is about 500Kywehile the
H-band core expansion is estimated to~#E0km s*(Fig.4).
Interestingly, the FWHM of the Brmeasured from the AMBER

spectrum at+8.81d is 590km s, i.e. is consistent with our hy- center, with the width and amplitude of the signal incregdie-

pothesis of the expanding extended component (Fig.5). .
Then follows a second epoch during which AMBER intert_ween the two dates, although the amplitude never went lgeyon

ferometric data were obtained on two dates, yet providirg c&oo (again by contrast with what was observed for RS Oph).
ibrated visibilities only at+28.76d. A single UD does not ac- The last observations, performed at48.74d with
count well for the observed visibilities a£28.76d (reduced PIONIER, bring complementary and crucial information,
x?=35), the two component model provides a better fit to thewing to the largeuv coverage involved. The H band source is
data §2=5). This gives an upper limit for the expansion of th@ow well resolved and departs from a simple model. A good fit
extended continuum component of 700km.sThis is in con- (y? = 1.1) is reached using the two component model (Table 2).
trast with the width of the Br line, for which we measured a The extended component estimated expansion velocity in the
FWHM of 1050:50km s. Furthermore, the Doppler velocity plane of the sky is lower than 700km's The closure phases
associated with the P-Cygni absorption in the line is founlde do not exceed 2°5 Moreover using a flattened structure for the
-1450:100km s'(Fig.5). The By line-forming region should extended component does not improve the fit and constraéns th
therefore expand much faster, and a large visibility dragusth aspect ratio to £0.07. This implies that the complex yet weak
be measured through thejBline, as seen for RS Oph (Chesneaphase signal seen by AMBER originates from a source with a
et al. 2007). However, the dispersedyBrisibilities are only predominantly symmetrical appearance.

Elightly lower than the nearby continuum, implying a modera
diameter increase of less than 10%. One week later, the visi-
gilities dropped in the line indicating a large expansiortiof

ry line-forming region (taking into account the 25% increase
gf the line flux). At that time the line FWHM was measured
0 be 160@50km s and the P-Cygni absorption indicated a
wind velocity of 180@:100km s*. The diterential phases show
a complex structured signal that can be described by 2 ogposi
S-shaped signals, with variations related to the basedingths
and P.A. dependency. The pattern is symmetrical aboutrtiee li
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phases. The phases are compared with the phases from the(dasted liney?=1.1 and 1.4, respectively).

4. A face-on bipolar event

The heterogeneous data set originating frorfiedent instru-
ments provides intriguing data, and is unique in view of theae
plementary constraints provided for the analysis. Themeta-
tion of these data can be divided into several key tempaozpkst

— CLASSIC and PIONIER data obtained ai2t92d, 12.81d
and £13.93d show an extended H and K band source.
The fact that T Pyx is resolved so early is intriguing. An
hypothesis might be a light echo witnessing a close-by
circumbinary environment, adding incoherent flux to the
measurement. The expansion rate is then low between the
first and second measurements, and a strikifigidince is

observed between the H and the K band inferred diameters.
This suggests an advanced decoupling between a shrinking
optically thick core and an expanding free-free emitting
optically thin envelope.

The AMBER data obtained at28.76d provide evidence
that the By line forming region projected onto the sky is
formed close to the expanding continuum, while being more
extended at=35.77d. The Doppler velocity accelerated
from 1300km s! to 1600km s! in the time interval. A
striking differential phase pattern is observed.
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Fig. 6. Bry Bipolar-flow model (without central source) seen a9®
(right) and E10° (left, the best model) and P.A110 (best model).

— The PIONIER dataset secured a#8.74d is critical for es-

The fit of the diferential phases at the two epochs and
the model images are presented in Fig 5 and the model in
Fig 6. The polar and equatorial velocities are in good agesgm
with the Doppler and sky plane velocities estimated in Sect.
Furthermore, the P.A. of the equatorial plane overdensityir
ented in a direction similar to the P.A. of the faint X-ray okb
(Balman 2010).

The face-on bipolar nebula allows one to better understand
the curious nebula scrutinized with HST (Schaefer et al0201
Shara et al. 1997, 1989). The knots are concentrated in a ring
(3.2-6"), expanding radially with a velocity in the rested
range of 500-700km-3, and with a mean radial velocity of
about 500kmst(O’Brien & Cohen 1998). Deciphering between
a projected sphere and a bipolar structure producing a dense
face-onring is dficult, considering that radial velocity measure-
ments of individual clumps are missing.

Some recent examples suggest that bipolarity in the ejecta
of classicalrecurrent novae may be relatively frequent: RS Oph
(Ribeiro et al. 2009; Bode et al. 2007; Chesneau et al. 2007),
V445 Pup (Woudt et al. 2009), V1280 Sco (Chesneau et al. 2008,
Chesneau et al., in prep.) or HR Del (Harman & O’Brien 2003).
A significant diference though exists between the T Pyx and
RS Oph environments: the lack of material around T Pyx, wit-
nessed for instance by the lack of hard X-rays (Kuulkers et al
2011), leads us to favor a bipolarity induced by a processiivat
to the system, whether by the common envelope interactitin wi
the companion, since the development of the event is relgtiv

tablishing the two component nature of the emission, OB, or by invoking an intrinsically bipolar ejection rédal to a

sisting in an unresolved stellar source and an extended &gyn-up central star (Porter et al. 1998; Lloyd et al. 1997).
gion whose appearance is circular and symmetric within er-

ror bars.
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kinematics of the ejecta. We developed a ‘toy’ model that pro
vides a good match to the observations. Given two ad-hoethr@eferences

dimensional distributions, one for the ‘emission’ of theag

and one for the velocity field, we reconstructed intensitypma
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a brief outburst (best ascribed by a shell), propagating@).v
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the ejecta. We used the following radial expansion law:

(1)

where# is the colatitude, and e and v are the polar and
equatorial radial velocities, respectively.

Vr(6) = Vpole + (veq - vpo|e) sing

Instrumentation Engineers (SPIE) Conference Series, V@4
Bode, M. F., Harman, D. J., O'Brien, T. J., et al. 2007, ApJ&56L63
Bonneau, D., Clausse, J.-M., Delfosse, X., et al. 2006, A&36, 789
Chesneau, O., Banerjee, D. P. K., Millour, F., et al. 2008 A/A&87, 223
Chesneau, O., Nardetto, N., Millour, F., et al. 2007, A&A44619
Harman, D. J. & O'Brien, T. J. 2003, MNRAS, 344, 1219
Kuulkers, E., Page, K. L., Ness, J.-U., et al. 2011, The Astnoer’s Telegram,

3285, 1
Le Bouquin, J.-B., Berger, J.-P., Zins, G., et al. 2011, sttechin A&A
Lloyd, H. M., O'Brien, T. J., & Bode, M. F. 1997, MNRAS, 284, 13
O'Brien, T. J. & Cohen, J. G. 1998, ApJL, 498, L.69
Petrov, R. G., Malbet, F., Weigelt, G., et al. 2007, A&A, 464,

We also considered an emission decreasing according tBogter, J. M., O'Brien, T. J., & Bode, M. F. 1998, MNRAS, 298,39

power law of the distance. At a given epocthe 3D intensity
distribution is proportional to:

—(vrt— r)z]

2072

1
I(r.6.6) « = exp| (2)
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The parameters of the best model aret5°, P.A. of the polar
axis of 110, @=2 and the velocities for the two epochs:

— Vpole=1200 km s* and =600 km s? at =28.76d
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