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ABSTRACT

We report MERLIN, VLA, OCRA-p, VLBA, Effelsberg and GMRT obsvations beginning
4.5 days after the discovery of RS Ophiuchi undergoing it862fecurrent nova outburst.
Observations over the first 9 weeks are included, enabling falow spectral development
throughout the three phases of the remnant developmente@/ermmatic brightening on
days 4 to 7 at 6 GHz and an accompanying increase in other ppadgularly 1.46 GHz,
consistent with transition from the initial “free expansigphase to the adiabatic expansion
phase. This is complete by day 13 when the flux density at 5 GHpparently declining from
an unexpectedly early maximum (compared with expectafimms observations of the 1985
outburst). The flux density recovered to a second peak byoappately day 40, consistent
with behaviour observed in 1985. At all times the spectrdeinis consistent with mixed
non—-thermal and thermal emission. The spectral indiceg@mesistent with a non—thermal
component at lower frequencies on all dates, and the speatex changes show that the two
components are clearly variable. The estimated extentodthission at 22 GHz on day 59 is
consistent with the extended east and west features seeh@Hz with the VLBA on day 63
being entirely non—-thermal. We suggest a two—componenginodnsisting of a decelerating
shell seen in mixed thermal and non-thermal emission phtsiféipolar ejecta generating the
non-thermal emission, as seen in contemporaneous VLBAwdigmns. Our estimated ejecta
mass of 42x10~7 M, is consistent with a WD mass of 1.4 It may be that this ejecta
mass estimate is a lower limit, in which case a lower WD masslavbe consistent with the
data.

Key words: stars: individual: RS Oph — novae, cataclysmic variabldarsswinds, outflows
— radio continuum: stars

1 INTRODUCTION case|(Rosino 1936). The 1985 outburst was the first in whieh ob
servations were made at radio wavelengths, with first detect
18 days after outburst (Padin et al. 1985). Spectral deusbop
showed both non-thermal synchrotron and thermal freedneis-
sion, varying over the course of the rise to peak by about Gand

RS Ophiuchi is the most active and best studied member of the
small Recurrent Nova class of interacting binary star. hsists

of a red giant (RG) donating material to a white dwarf (WD)-pri ) . . :
mary, via either Roche Lobe overflow or direct wind accreti®ix subsequent decline over 240 days (Hjellming et al. 1986)inA s
optical outbursts have been observed at irregular inter(&898, gle VLBl image was obtained, showing possible three-corapbn
1933, 1958, 1967, 1985 and 2006) with two others suggestie in emission extended east-west around the radio peak (Tadér e
literature (1907; 1945 from Schaefer 2004; Oppenheimer &dla 1989).

1993, respectively). The optical development is very @imil each The latest outburst by this object was discovered on
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2006 February 12, and reached a peak of V=4.5 on 2006 Febru-

ary 12.83 |[(Narumi et al. 2006), which we take as day O for the
rest of this paper. We began radio observations on day 4fitist
MERLIN at 6 GHz and then with the VLA at 1.49, 4.89, 14.96 and
22.48 GHz (L, C, U and K bands respectively), as describelis t
paper. In addition VLBI observations began on day 13 andicent
ued throughout the period of the observations discussed Beth

the VLBI (O'Brien et al. 2006) and X-ray (Bode et/al. 2006) ebs
vations are consistent with an expanding shock wave duetia#t
ejecta from the eruption on the WD encountering the pre-+oatb
RG wind. HST observations on day 155 (Bode et al. 2007) gave
added weight to the suggestion of a bipolar remnant from VLBI
observations by O'Brien et al. (2006). Here we interpret firs
and second radio peaks with reference to the VLBI, HST and X-
ray observations

2 OBSERVATIONS
2.1 MERLIN

The Multi-Element Radio-Linked Interferometer-NetwoMER-
LIN) responded rapidly to the triggering of target-of-opimity
observations, with the first observations starting at d&y Mlon-
itoring continued at times complementary to VLA, the Eurape
VLBI Network (EVN) and the Very Long Baseline Array (VLBA),
with observation dates as shown in Table 1. Observationg wer
made initially at 5 cm and later at 6 cm (collectively referte

as C band). Full imaging runs were made, at around 10 houks eac
including calibration observations. The flux calibratoeich case
was 3C286, with 0Q208 used for point source response and pola
isation calibration. Phase calibration was performed wttular
pointings at J1743038. Using standard values and models for the
flux calibrator, the flux scale for the phase calibrator waterde
mined. The phase calibrator solutions were then interpdltd the

RS Oph data. For the observations on days 4 and 5, the fluxtgensi
was rising so rapidly that the data were divided into 30—ngig-s
ments and we were able to follow the rapid rise. A similar gsial

on day 7 showed that the rate of decline had flattened by theat da

2.2 VLA

The Very Large Array (VLA) in New Mexico also responded
rapidly to the request for observations, with the first made o
2006 February 17 (day 4.7), almost simultaneous with theé firs
MERLIN observations, and continuing approximately weekly
thereafter. Observation dates are given in Table 1, and cin @z
casion continuum observations were made at 1.46 GHz (L band)
4.89 GHz (C band), 14.96 GHz (U band) and 22.48 GHz (K band)
with a 50 MHz bandwidth. Observations were made in standard

scale for RS Oph was determined from the secondary calitsato
lutions. Images were generated using the CLEAN algorithich an
AIPS task IMAGR at each band on each date and used to deter-
mine flux densities. At 22.48 GHz it was also feasible to eatém

the extent of the emission as these were the data with thestigh
spatial resolution.

2.3 OCRA-p

30-GHz continuum observations were made using the Torufm 32
radio telescope and a prototype (two-element receivefefne-
Centimeter Radio Array (OCRA-p, Lowe 2005). The recorded ou
put from the instrument was the difference between sigmais f
two closely-spaced horns effectively separated in azinyt3.1
arcminutes so the atmospheric and gain fluctuations werd¢iymos
cancelled out. The observing technique was such that thectge
two beams were pointed at the source alternately with a bwitc
ing cycle of~50 s for a period o~5.5 min, thus measuring the
source flux density relative to the sky background on eitlige s
of the source. The primary flux calibrator was the planetaty-n
ula NGC 7027, which has an effective radio angular size ofc8 ar
sec [(Bryce et al. 1997). Assuming a spectral index-6f1 4+ 0.1
and using an absolute temperature calibration of NGC 7087 (g
ing 5.45+-0.20 Jy at 32 GHz, from Mason et/al. 1999) we estimate
the flux density of NGC 7027 at 30 GHz as 5#4®20 Jy. All
the final flux density values have been scaled to this figure. Th
telescope pointing was determined from the azimuth andaelev
tion scans across the nearby point source JAD8B. The same
source was also used as a secondary flux density calibrataube
NGC 7027 was at some distance from the target source. Ciomsct
for the effects of the atmosphere were determined from theesy
temperature measurements at zenith distances ané 60.

2.4 VLBA

Observations were made at 1.667 GHz with the Very Long Base-
line Array (VLBA) on day 63 (2007 April 17) — see O'Brien et al.
(2008) for more details. The data were correlated at the VIO8#-
relator, Array Operations Center, New Mexico before benagg-
ferred to Jodrell Bank Observatory, United Kingdom and tJbin
stitute for VLBI in Europe in Dwingeloo, Netherlands for tah-
tion and mapping. Primary flux calibration was carried ouhgs
3C286, with secondary calibration on J1745-0753. As thelues
tion at this epoch was around 20 mas it was necessary to nfwel t
structure of both calibrators to obtain reliable flux andgghaali-
bration. Fringe fitting was carried out to complete calilmatand
allow imaging of the emission structure.

3 RESULTS

interferometer mode at A array (the most extended and high— The flux density values from each date at each observed inegue

resolution configuration), with 1743038 (J2000) as secondary
calibrator. Either 3C286 or 3C48 was used as the primarpreali
tor, depending upon which was available within the schetlole
serving window. Fluxes were calculated for the primarylaliors
using the approach outlined fin Baars etal. (1977) but enmpdoy
the latest (1999.2) VLA coefficients. The phase and ampditsmt
lutions were determined using model images supplied wihi#s.
The secondary calibrator solutions were determined asgpitio
be a point source, and the flux at observation from theseignfut
and the calculated flux of the primary calibrator. Finallg tftux

are given in Tabl¢]l. In addition Effelsberg measured 36 ntJy a
10.45 GHz on day 5.5. We referito Kantharia etlal. (2007) fen®i
Metrewave Radio Telescope (GMRT) values below 1.4 GHz.

In order to follow the developments more clearly, we have
plotted radio light curves and spectral energy distrimgio

3.1 Light curves

The light curves in Fig$.J1 arid 2 show the variation in flux dgns
in each of the four frequency bands observed with the VLA &ed t
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Date JD Day Telescope Frequency (GHz)

30 22.48 14.96 6 4.89 1.46
17/2 783.83 450 M - - - 1442 - -
17/2 784.02 4.70 \% - 26:20.5 23.2:0.6 - 15.2+0.2 2.8t0.2
18/2 78482 550 M - - - 33+2 - -
20/2 786.82 7.46 M - - - 41:20.8 - -
26/2 793.21 1388 V - 6140.7 50.5:0.5 - 53.3t0.2 57.6:0.3
01/3 795.66 16.34 O 556 - - - - -
01/3 795.62 1652 M - - - 37011 - -
02/3 796.62 17.47 M - - - 35:80.7 - -
06/3 801.18 2185 M,V - 36:40.9 37.4t0.6 43t5 44.5£0.2 48.2t0.3
08/3 802.68 23.36 O 586 - - - - -
09/3 803.61 2428 O w47 - - - - -
13/3 807.18 27.85 V - 69:40.7 52.9t0.6 - 50.3:0.2 50.4+0.4
14/3 807.83 2850 M - - - 455 - -
23/3 817.73 3841 O 1638 - - - - -
23/3 81895 3962 V - 78405 49.9:0.7 - 51.2£0.2 55.5:0.3
24/3 819.95 4062 M - - - 5685 - -
25/3 82095 4162 V - 78:50.8 55.8:0.7 - 51.740.2 53.8:0.3
30/3 82590 46.57 V - 65:40.6 48.8t0.6 - 47.4-0.2 52.90.2
03/4 829.04 4971 M - - - 4085 - -
06/4 832.04 5271 V - 66:00.1 50.9t0.7 - 42.4-0.2 48.6t0.3
13/4 839.07 59.74 V - 7981.7 50.5:0.7 - 39.3t0.2 42.8:0.3

Table 1.Flux density values (mJy) from observations with MERLIN (NHe VLA (V), OCRA-p (O) and GMRT (G). No data were taken onegatarked -.
Uncertainties on dates markédaccount for the increasing flux density over the period oheagservation. Date is day/month in 2006. JD is the Juliare Dat
relative to JD2453000. Day is number of days after opticatalrery (centre of observing period).

one observed with OCRA-p. We have also included obsengtion  Day Band—to—band spectral index
from MERLIN and the GMRT with these bands, where the spec- LtoC CtoU UtoK
tral energy distribution (SED) indicates that they are caraple 4.7 1.4G:0.07 0.38-0.03 0.3-0.1
despite the slightly different observation frequency.. Bigshows 13.88 —0.064-0.009 —0.05+0.01 0.47-0.05
particularly clearly the double radio peak, and the diffesfrom 21.85 —0.068:0.009 —0.16+0.02  0.6:0.1

the 1985 data also plotted.
. - 27.85 0.6:0.01 0.05:0.01 0.670.05
The spectral index at C band was sufficiently flat (see sec- 3952 _0067:0007 —0.02:0.02 1.16-0.05

tion[3:2) to allow us to plot all the MERLIN C band observason 41.62 —0.034-0.007 0.0Z-0.01  0.84-0.05
with the corresponding VLA C band observations, even though
they were at somewhat different frequencies. The main festof

the light curves are as follows:

46.57 —0.092£0.008 0.03:0.01 0.72£0.05
52.71  -0.1140.01 0.16:£0.02 0.64£0.04
59.74  —0.070.01 0.22£0.02 1.12+0.08

Table 2. Simple band—to—band spectral index \ith flux S, o« v con-
vention) for VLA observations on different days since oatidiscovery.
The variable contribution of the thermal emission is patédy evident in

. o L . the U to K band spectral index.
(i) An initial rapid rise, captured particularly well by treeg-

mented MERLIN C band data. The rise in that band occurred at

a rate of 18.5-:0.5 mJy day*' over days 4 and 5, peaking before

day 13.88 when a VLA C band measurement shows the flux density

as 53.29 mJy and declining to 37.93 mJy by day 16.29 (MERLIN

C band). On day 7 the data show a consistent flux-dfi+1 in

each 30—min bin across the approximately 6.5 hr observatek:

ing the uncertainty as a limit on the change in flux over thagti 3.2 Radio spectrum

we find the rate of change had dropped belo®.8 mJy day . The radio broad—band spectrum varies considerably oveotinse
The lightcurves at other bands are consistent with a simdarand of our observations, as seen in Hiy. 3. We can see immedidiely
fall at all observed wavelengths. effects of the rapid rise in the flux density at 1.46 GHz, assfhex-

(i) A second rise starting before day 21.85 and peakingreefo  trum changes from positive spectral indexS, o« v convention)
day 39. Extrapolating both the second rise and subsequelmele  across the observing bands on day 4 to having a minimum betwee
suggests a peak around day 38.0-83 mJy (C band). The same  4.89 and 14.86 GHz on day 13 and a flat spectrum around day 21.
pattern is evident at all bands observed with the VLA, algioat By day 27 and up to day 46 we see a return to the central minimum.
K band either the minimum between the two peaks was deeper or The detailed band—to—band spectral index values for the WhA

the second rise began later. The peak flux density measutbd wi servations are given in Tallé 2, and are also apparent inakeqf
OCRA-p at 30 GHz is consistent with this peak. Fig.[3.
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Figure 1. Radio lightcurves at 5 to 6 GHz. Symbols: 2006 VLA=filled triges; MERLIN=filled circles (small ones during the initidée — error bars not
included); 1985 VLA open triangles — observations durirg1885 outburst frorn Hjellming et al. (1986). Uncertain@es smaller than or comparable to the
symbol size except where error bars indicate otherwise.

3.3 Resolved emission at K band (22.48 GHz) Days Deconvolved extent Fitted beam size
Major  Minor PA Major x Minor PA
, , o 4 4243  23+3  150+8 133x83 —24.84
While none of the images at K band are sufficiently resolved to 13 274 2343 2044 149x 87 34.84
allow us to identify structure within the emission, many &éawf- 21 4262 33+3  83+11 145x<95 34.06
ficient resolution to allow us to determine the overall sizéha
emission region following deconvolution. The results ofirade g; 2ﬁi ;ig Z;ig ig?xgz gg'gg
. . . .. X .
Gaussian deconvolution on nine epochs of K band data are give a1 6501 2744 0240 131x81 2708
Table[3.
46 691 53+2 105+4 121x 80 7.44
In all cases the beam is elongated, with the major axis be 52 el  45k2 92:2 12178 6.74
gated, J " 59 90t3 5144 764 143<84 33.83

ing between 50% and 70% longer than the minor axis. Some care
must be applied when interpreting deconvolved extents. ré/he
there are~0° or ~180° between the two position angle (PA) val-
ues (extent and beam) then the deconvolution is highly tmicer
as we are attempting to resolve in the direction of worstlteso
tion. This problem affects the deconvolution for Days 4 agd 1
where the difference between the PA values-i75 and ~14°
respectively, and we do not include these points in our subse
guent discussion. In all but two of the other cases the dexdoes
PA~90°, consistent with imaging results from the VLTI, EVN,
MERLIN, VLBA and HST (Sokoloski, Rupen & Mioduszewski
2008] Chesneau etlal 2008; O'Brien et al. 2006; Rupeniet 88;20
Bode et al. 2007).

Table 3. Extent of VLA K band deconvolved emission on different days
since optical discovery. Deconvolved sizes (major and min@s) are in
milli-arcsec (mas), beam size (major and minor axes) in mdspasition
angles (PA) in degrees (positive north—through—east)sig#éts are FWHM
of two—dimensional Gaussians.

3.4 VLBA image at 1.667 GHz

The image formed from VLBA data at 1.667 GHz on day 63
(Fig.[4) shows multiple components extended east-west.ifFhe

ner components are in the same place and of the same size as the
emission seen at 22.48 GHz with the VLA on day 59 (Tdble 3).
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Figure 3. Radio spectrum on various days as marked. Symbols and uncer-
tainties as Fig2. Where available 240, 325 or 610 MHz poiatssses)
from|Kantharia et al. (2007) are included, demonstratireydvelopment

of emission at lower frequencies.

Figure 2. Radio lightcurves at different frequencies. (a) 30 GHz with
OCRA-p. (b) K band — 22.48 GHz with the VLA. (c) U band — 14.96 GH
with the VLA. (d) For comparison: C band — 4.88 GHz with the VLA
6 GHz with MERLIN. (e) L band — 1.46 GHz with the VLA, 1.39 GHz
with the GMRT and 1.66 GHz with MERLIN. Symbols: VLA=filleditr
angles; MERLIN=filled circles (small ones during the initisse — error
bars not included); GMRT=crosses; OCRA-p=open circlescddainties
are smaller than or comparable to the symbol size exceptendreor bars
indicate otherwise.
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Figure 4. VLBA image at 1.667 GHz taken on day 63. Beam size is indi-
cated in the bottom left. Greyscale range is -0.302 to 1.53@ beant .
Contours are at intervals of 10% of the peak of 1.532 mJy bdamegative
contours indicated with broken lines.

Components extended east-west were seen in earlier VLBA EV
and MERLIN datal(O’Brien et al. 2006, 2008; Rupen et al. 2008;
Sokoloski, Rupen & Mioduszewski 2008) so it is reasonablasto
sume these are related to the more extended outer compceents

here at day 63 and hence would have also been present just fou

days earlier at the time of the VLA imaging.

We have attempted to estimate the spectral index of these com
ponents. The eastern and brightest western componentsaeeh
flux densities in Fig-¥ of~3.6 mJy. However this image is heav-
ily tapered, and these are really lower limits on the flux dgns
Comparing this with ad upper limit for these regions in the VLA
22 GHz data of day 59, we findi,x < —0.3, wholly consistent
with these features being non-thermal. If the actual fluxsitgof
the extended components is greater at L band, this valuebwill
still more negative.

4 DISCUSSION
4.1 Light curve development

In 1985 observations starting on day 18 were extrapolateld tma

an assumed “turn-on” of the emission on about day 14 (Padih et
1985). It is evident that the first peak seen in 2006 was befoye
observations in 1985. However we note that the 2006 flux densi
on days 16 and 17 at 6 GHz (Talale 1) is significantly higher than
seen on day 18 in 1985. This implies either a fairly rapid dobp
~12 mJy and recovery 6£20 mJy in~3 days, or that the initial
peak was completed more rapidly in 1985 (if present at alljad-
dition it is notable that emission at lower frequencies watsseen

in 1985, but is evident after day 20 in 2006 (Kantharia &t @072).

It is not immediately clear what the cause of this early rise i
but one possibility is that we are seeing emission from therse
shock traversing the ejecta at early times. However, belevgug-
gest a two—component model for the emitting regions.

A number of supernovae have shown variations in radio emis-
sion, generally attributed to the ejecta interacting withglty vari-
ations in the surrounding medium (e.g. Weiler et al. 19982)9

This may be a contributing factor in RS Ophiuchi, where the-de
sity variations may be in the wind from the red giant, althotige
incomplete sampling of the radio light curve makes it diffico
test this idea.

4.2 Spectral development

Our multi-band observations show that the SED varies over
timescales of a few days. The initial rapid rise at 1.46 GHd an
4.89 GHz is consistent with the emergence of an expandingsou
from the densest inner parts of an enveloping absorbing unedi
This we identify with the red giant wind ionised by the novaper
tion, and providing a source of free-free absorption. Tlse be-
tween days 4 and 13 is at least 6 mJy dhyalthough as it is pos-
sible that the 5 GHz flux density had peaked earlier this isveto
limit. By day 13 we are seeing a mixed optically thin and thick
thermal spectrum, and it is striking that this is similar he SED
on days 38 to 46. Both these periods are at, or shortly aftadia
peak, suggesting similar emission details at these epéecbsnd
day 21, the brightness minimum between the two peaks, the spe
trum declines with frequency across the band, indicatirzg the
optically thin thermal emission dominates at this time. &Natso
that Kantharia et al. (2007) have demonstrated a non-tHenmia-
sion component dominates below 1.4 GHz from day 20. Thusewhil
a thermal spectrum dominates at high—frequencies, a nemath
spectrum dominates at low frequencies. Consequently irt nfos
the bands observed with the VLA a combined spectrum is seen.
We note that the best fitting supernova—style model (fad-

jng non-thermal emission subject to variable absorptioh) o

Kantharia et &l.[(2007) also fits our early L-band data (upnidb a
including day 21). However it does not fit the higher frequenc
data at these early times, predicting much brighter C—banid-e
sion that turns on at earlier times than is observed. Furtbes,

it clearly cannot fit the subsequent (second) peak seen it-eur
band and higher frequencies. The data suggest at least tittomgm
components subject to differing absorption and likely tcabmix

of thermal and non-thermal emission. The complexity of therg-
etry and emission details precludes a detailed fit to thedfathset
at this stage.

4.3 Ejecta morphology

The spectral development can be further constrained by iexam
ing the morphological development of the ejecta at diffevesve-
lengths.

Day 13 coincides with a simple, if one—sided, emission shell
(O’'Brien et al! 2006, VLBI images). Day 21 sees the emergerice
an eastern component that also experiences absorptiorttsatdh
appears at 5 GHz before 1.46 GHz (O'Brien et al. 2006).

The expansion apparent from the 22 GHz images (Table 3)
is consistent with a power law of the form angular stze =
(2.140.1)¢%°%% mas, where timein days has its origin on day 0.
Although we discard the size measurement for day 13 at 22 GHz
(sectior3.B), this expansion rate is consistent with the ef the
partial shell structure seen by O’Brien et al. (2006) on tthay.

If expansion proceeded at a constant rate at later timesatho
agrees with the E-W extent of the remnant imaged by the HST on
day 155|(Bode et &l. 2007) At a distance of 1.6 kpc (Hjellmihgle
1986) this equates to a projected velocity~¢£000 km s'!, con-
stant within the errors (or equivalently negligible decat®n over
this period, within measurement uncertainties). This 2Z@htis-
sion is that from the inner shell seenlby O'Brien €tlal. (2088)we
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discuss below. However the data are inconsistent with afieg- 5 CONCLUSIONS
pansion from the time of ejection, as this would require aguéar
extent of~9 mas on day 0. Thus these VLA data imply a significant
deceleration in the first 2 weeks after optical discoverpststent

with results in the X-ray waveband, related to deceleratibthe
forward shock by Bode et al. (2006).

We can relate these measurements to resolved structure a
1.667 GHz. The VLBA image at 1.667 GHz on day 63 (fi. 4)
shows an extent 0f200 mas east-west. This should have been
resolved by the VLA on day 59. The fact it was not indicates
that the more extended features have a spectrum that decline
steeply with frequency, consistent with the outlying feasube-
ing due to non-thermal emission. This is supported by thdt lim
on the spectral index ofik < —0.3. Thus we are able to
demonstrate that the initial shell seen lby O’Brien et lal.0)0
has a contribution from thermal component (as it is brightgs
the higher frequencies), while the more extended emissi@ni
tirely non-thermal in nature. This is consistent with thelfings of
Sokoloski, Rupen & Mioduszewski (2008) and strongly congéirm
the conclusion of Taylor et al. (1989) with regard to the 1885
burst.

This is also comparable to the results of Crockerlet al (2001)
for for the symbiotic star CH Cyg during ejection episodes.
They found both non-thermal extended jet-like structured a
thermally-dominated central source.

We present 63 days of radio observations of the 2006 outbéirst
RS Oph with MERLIN and the VLA, with reference to additional
observations with the VLBA, GMRT, Effelsberg and OCRA-p€Th
observations demonstrate that the emission had a mixtuteeof
{nal and non-thermal components beginning no later than $8 da
after the outburst. An early radio peak before day 13 is seen f
the first time. The early radio rise (up to day 5.5) is consistgth
the transition from the “free—expansion” phase noted byeBetth|.
(2006) and Das, Banerjee & Ashak (2006).

At the minimum between the first and second peaks the flux
density declines slightly across the frequency bands, isems
with mixed thermal and non-thermal emission, but analy$is o
our imaging results clearly confirm the non-thermal naturéhe
most extended components in the VLBI imaging of O’'Brien et al
(2006). At and after the second peak the spectral behavébums
to a mixture of thermal and non-thermal emission. Compariso
of the 22 GHz VLA observation on day 59 with the 1.667 GHz
VLBA observation on day 63 indicates that the emerging east
and west structures are non-thermal in nature with a spentra
dexa <~ —0.3. In addition size estimates between days 27 and
59 indicate a decelerating expansion. We find an ejecta nfass o
442x10~7 Mg, but this is probably a lower limit due to the un-
certainty surrounding the overlying absorption comporaemt the
assumptions made in making the estimate. Comparison with th
modelling of Yaron et al! (2005) imply a WD mass around 1.4;M
a higher ejecta mass would imply a lower WD mass.

This radio development is consistent with two components
— an expanding, decelerating shell seen in both non-theanl
thermal emission plus bipolar ejecta generating non—theemis-

4.4 Ejecta mass sion, also seen by Sokoloski, Rupen & Mioduszewski (2008 T
mechanism for generating such bipolar structures in thitesy re-
quires further study, and may tell us more about the mass-aliod
mass—transfer processes in recurrent novae. However dgnsise
tent with the interpretation by Taylor etlal. (1989) of théyoequiv-
alent data for the 1985 outburst, and also similar to thepnéta-
tion of radio jets during an outburst of the symbiotic star Cygni
(Crocker et al 2001). This is evidence of another non—theiia
jet from a symbiotic system during an ejection episode.

We make use of the formulation of Mezger & Henderson (1967)
to estimate the total ejecta mass. We use the emission on.day 4
as at later dates it is not clear what geometry we should uge — a
this early time the actual distribution of matter in the esios re-
gion is most likely to be reasonably represented by a filldeep
While there are more physically realistic models of the sinis
geometry possible, the uncertainties make such considesatel-
atively unimportant. We make a number of assumptions: tiat t
emission is optically thin, that 50% is thermal, that we cztnago-
late back from thet® dependence of the 22.48 GHz angular extent
to day 4.7, and finally that the electron temperature fSKOThis ACKNOWLEDGMENTS
gives an angular size of 8.2 mas (formal uncertainty) and a ) )
thermal flux density of 13:£0.1 mJy. From this we find a mass of MFB was supported by a PPARC/STFC Senior Fellowship.
4+2x10"" M. MTR was funded by the University of Central Lancashire.
The dependence on electron temperature is very weak (a TN€ Toruh group acknowledge support via the TCfA grant
power of 0.175) so the last assumption has little impact. faes KBN 5 P0O3D 024 21. MERLIN is a National Facility operated by
depends on the square root of the flux density, so a factorof tw the University of Manchester at Jodrell Bank Observatoryben
larger or smaller only changes the estimate by a factaf®fThe half _of the Science & Technology FaC|_I|_t|es council. _The idaal
strongest dependencies are on angular size and distanc@a 3 Radio Astronomy Observatory is a facility of the Nationaleice
larger angular size leads to a 50% larger mass estimateybnt s ~Foundation operated under cooperative agreement by Agedci
a large size is well outside any reasonable estimate givext wé Universities, Inc.
see at later dates. The dominant uncertainty is in the distaat
1.64+0.3 kpc (Hjellming et al. 1986). This gives most of the 50%
fractional uncertainty in the mass estimate. From this we s=e
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