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ABSTRACT. Symbiotic novae are sibelass of symbi-
otic stars - interacting binaries with wide arbits, whose
photometric history is characterized by a single nova-
like outburst lasting decades and cansed by a ther-
monclear mnaway an the surface of a wind acoreting
white dwarf. Symbictic novae have been detected in
all frequencies from X-rays to radio waves. Multifre-
quency observations yiekl complementary information
which appears to be crdal for an wnderstanding of
the underlying phy=sical processes as an arcretion by
stellar winds, TNBx a the white dwarf, imation of
the wind fram a cool giant, cdliding winds, jets and
bipolar utflows. The basic properties and multifre-
quency behavionr of the most studied objects: V1016
Cye, V1329 Cyg, BM 5gp, AfZ Peg, BT Ser, BR Tel
and PTJ Vul are reviewed.

Key words: Stars: binary: symbidtic novae; stars:
mdividunal: V1016 Cyg, V1325 Cyg, M Sge, AQ Peg,
RT Ser, RR. Tel, PT Vail.

1. Introduction

Symbiotic stars are interacting binaries consisting of
a cool evolved mass loosing giant and a hot radiation
sonrce (T f2 100 Q00 K}, which is either an accret-
ing mam sequence star or a hot white dwarf. The hat
star jonizes a portion of the glant's wind, giving e to
neblar emizion. The nebula is the man soirce of the
optical contimmm. The near-IB. colaurs ndicate either
the presence of narmal giant with T, ;¢ ~ 3000-4000 K
{5-type systems) a the combination of reddened Mira
and dust with temperature of ~ 1000 ¥ {D-type sy=-
tems). The ditincticn between 5 and D types (Web-
ster & Allen, 1575} is given by orbital separation of
the cool and hot component. The binary must have
encigh room for Mira-variable. Therefare, the orbital
periods of D-type systemns are expected in the range
20 - 200 years (Whitelock, 1987). The kmown orbital
periods of symbiotic stars are from 227 days (T CrB)
to 5300 days {CH Cyg), most of them nin between 1-3
years. New catalogue of symbiotic stars include 138
symbictic stars and 30 objects suspected of being sym-
bictic {Belczynski et al., 2000).

Symbiotic novae are subolasm of symbictic stars
wheee photometric histary is characterized by a single
nowa-like cutbirst lasting decades. The original Allen’s
{1880} list of symbictic novae: A Peg, BT Ser, RR
Tel, V1016 Cyg, V1329 Cyg, HM Sge was later com-
plemented by PTT Vul. Becent list inchuding 22 obhjects
was published by Munari {1997). As the symbictic
novae are detected in frequencies from X-rays up to
radio, their detailed study requires a multifrequency

The behaviour of symbiotic novae & similar to clas-
gical novae, except for much lmper time smle. While
the mass loser i classical novae i= Rodhe lobe filling
red dwarf, in symbiotic novae it & an M giant located
well n=ide itz Roche lobe. In bath cases the accreting
object i= a white dwarf. The orbital periods of classical
novae are smaller than two days, =0 the radms of the
Roche lobe of the hot component is a few Ry,. Dhuring
thermomclear mnaway the hot component expands to
dimensions > 1] Ry and enpulis the binary system.
Common envelope & ejected from the systemn in a few
day= or wesks. The orbital periods of symbiotic novae
are larper than two years. Therefore both compments
are well separated, even during the expanszion of the
cutbursting white dwarf to an A-F supergiant. The
rize to the maxdimum lhminosity lasts several months
50 it & slower than in classical novae. The increase of
brightness of symbiotic novae due to the ontburst does
not exceed 7™ i ¥V band. They remain at a steady
high lnminos=ity for dozens of years. Typical decline to
the precutburst luminosity lasts abont 100 years.

The basic informaticon about the nature of symbi-
ctic novae provides the study of variability of these
objects n TV, IR and optical regicn. Variability can
be cansed by: the eclipses, the reflection effect, the or-
bital variaticns of the emimion measnre in the nebular
crntimum, pulsaticns and jor rotation of the hot and
codl component, changes of the structure of the ciroum-
stellar matter induding accretion and excretion disks,
mteraction zone of colliding winds, flares, mutbursts,
dust frrmation. The most important phy=ical processes
which require multifrequency approach are: wind and
disk accretion, flares, thermomuclear ninaways, jonka-
tion of the cool giants winds, colliding winds, jets and
bipalar outflows.
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2. Basic orbital parameters

Orbital periods of symbiotic novae can be deter-
variations) or spectroscopy (periodic variations of the
continuum or line fluxes, radial velocity oorves). The
followin g orbital periods were fond from photametry:

V1328 Cyg - 959 days (eclipses in pre-ontburst
photometry; Stienon et al.  (1574)), 5565 days
(post=cutburst brightness variations; Schild & Schmid
(1997}, Chochd et al. {1555}].

RT Ser - 4302 days {post-cntburst brightness varia-
tions; Pavlenko (19577},

PTT Vil - 4900 days {post-cutburst edipses; Nuss-
baumer & Vogel (1958}, pre-ontbirst edipses; Chochol
et al. {1997)}.

AG Peg - 316.5 days (post-outburst brightness vari-
ations; Fernie {1985)).

VI1QlE Cyg - 5510 days (periodicity in flares;
Parimnucha et al. {20003},

The exact determination of the orbital periodsof AG
Peg and V1325 Cyg found from the photometric min-
ima positicns in their light curves is influenced by their
apparent changes discovered by Skopal {1598). They
are commected with changes of the energy distribution
of the hot-star spectrum. The phase shift in the pe-
riod morrelates with the change in the star’s brightness.
Skopal (2001a) showed that the main source of of the
optical contimmm is the neliila arising from ionization
of the codl giant wind by the hot star radiation. Vari-
ation in the emimion measure is fully responsible for
the observed wave-like modulation of the Light curves
of symbiotic binaries with the orbital phase. The large
amplitude of the orbitally-related wave-like variations,
shaping of minima and systematic changes in their po-
sitions reject their explanation by the reflection effect.
The variation in the optical contimmm should always
be followed by a similar variation in Balmer emission
lines.

Chochol & Wilson {2001} modelled 7, 8,1 light
curves of V1328 Cyg in terms of combined wind and
chromoepheric finorescence, with eclipses and shad-
owing of Auorescent regions and conversicn of far-
ultraviolet energy into the optical bands.

The extended atmosphere of the cod giant scatters
the light emitted fraan the hot component. The dust,
Thansm, Bayleigh and Raman scattering play an im-
portant rae. The previonsly unidentified emnission lines
at 6325 A and 7082 A were explained by Raman scat-

tering of the far nhravicdlet 3 VI resonance donblet,
emitted near the hot compact component, by nentral
hydrogen in the extended atmosphere of the cool gi-
ant. Periodic chanpes of the polarization vector due
to the orbital motion permit to determine arbital pe-
ricwd, inclination and orientation of the arbital plane
{Schmid, 1958). Orbital pericd BR Tel estimated by
thiz method exceeds 100 years.

The 5510 days photametric periodicity in V1016 Cyg
was independently confinmed from infrared photome-
try and TV spectroscopy by Parimmicha et al. {2001).
They showed that the variations in the {J — K cdonr
mdex as well in the TV continuum and (O 0], ¥ IO,
0] and Si IIT] emi=xion line finxes exhibit the same pe-
ricddicity interpreted as the orbital period of the binary
{see also Parimucha et al. - this procesdings).

The absolute parameters of A Peg were determined
by Kenyon et al. {1583). Spectrosoopic orbits for an
M giant and a hot component (foomd from the radial
velocities of He 1T A4686 A emission line) provided
the compment mames Mon = 26304 M, Mux =
(.6510.10 ¥, and a semimajor axis A = 2.54H{0.1 ATJ
frr an orbital indination ¢ = 50°. The red giant does
not fill it= Rodche lobe. The orbit of the cool M giant
was slightly mproved by Fekel et al. {2000).

Twa objects from mir sample show the presence of
edipses: PTT Vul and ¥1325 Cyg.

Two subsequent minima in the post-cotburst light
curve of PTT Vul were explained by Nussbaumer & Vo
gel {1556) as eclipses in a binary systemn with the or-
bital pericd 4500 days. The eclipses were confirmed
by Chochd et al. {1357) fren the analysis of the
pre-citburst photometry publihed by Liller &z Liller
{1575). Chochol et al. {1556 studied the radial ve-
locities of the autbursting white dwarf mimicing an F-
supergiant in PTT Vul from 1975 to 1587 and found a
possible 761 day= spectroscopic arbit (F{m) = 1.6 3).
¥ canfirmed , symbiotic nova P17 Vul is a triple system
similar to the eclipsing symbictic triple system CH Cyg
{Skopal 1557).

The pre-cutburst photographic light curve of V1325
Chyg suggested the presence of eclipses with the period
859 days (Stienon et al., 1974). Grvgar et al. {1375)
canfirmed this period by analyzing the radial veloci-
ties of optical emimsion lines and foind extremely large
semiamplitnde of the orbit reslting in a mass fimction
Fim) = 23 M, , confirmed by Tjima et al. {1581} from
optical spectra and Nus=banmer et al. {1586) fram TV
spertra. Thi maw function led to a very large mass
of the codl component (at least 24 3}, which did not
seem probable. Theda & Tamura (2000} argned that
cly certain pertion of the emisdon-line profile of He,
He II and [(> ITI] represents the true orbital motion
and found acceptable f{m) = 1.2+0.3 Ms. Fekel et
al. (2001} nsed nfrared radial velocities of the cool gi-
ant and determined K> = 7.851+0.26 kon /s and f{m) =
(L0431 H.0047 M. Both orbits lead to a mass ratio g
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= 2.93 and masses of the components M,..; =22 3,
and My, = 0.75 M, for an orbital inclinaticn i = 8¢
determined by Schild & Schmid {1957).

3. The cool cornponent

Near-infrared region is gptimal for the determination
of the spectral types of the cod components becanse
it includes the peak emizion from the giant and the
contamination by thermal dust emision, which domi-
nates in thermal infrared region, & small. The spectral
types of the cool giants in symbiotic novae recently de-
termined by Miiset & Schmidt (1559} and Rudy et
al. {1558} using infrared Ti(} and ¥V} molemilar bands
are as follows: V1016 Cyg ME-T, M Sge: M7, V1325
Cyg: M5.5-6, AQ Peg: M3, BR Tel: ME BT Ser:
M5.5-6, PTT viul: MA5-8. The empirically determined
dependendes of effective temperatire and radins npon
spectral type and V' — K colaur for cool giants and so-
pergiants was piublished by van Belleet al. {1555). The
S-type cobjects: A{l Peg, BT Ser, PU Vul and V1325
Cyg have near-IR colmurs of a late type giant, the D-
type objects: HM Sge, V1016 Cyg, BR Tel ndicate
presence of a dust shell.

Infrared observations demonstrated that D-type sy=-
temns oomtain kong-period Mira variables {Whitelodk,
15988). Their pulzation periods are m BE Tel: 387
days (Feast et al., 1583}, in HM Sge: 527 days (Mu-
nari & Whitelock, 1985); 535+5 days (Taranova &
Shenavrin, 2000}, in V1016 Cyg 478 day= {Munar,
1588); 4M+5 days (Taranova & Shenavrin, 20007,
47446 days (Parimmcha et al. - thi proceedings).
Taranova & Shenavrin (200(} determined the parame-
ters of the codl components in V1016 Cyg L. = 3600
I@,T, i3 =2350K,R¢ =5[]UR@a.ndinH'_\'ISgt: LL.
= 10 000 Ly, T.pp = 2650 K, K. = 540 By. They
determined the radii of the cod shells m V1016 and
HM Sge to be 1400 B.;, and 1500 By, and their masses
{3-3.3) 10° M and {4-8) 107 M,

Chochol et al. (1958} found from the B and V' oband
photometry the pulzation period of the AQB compo-
nent in PTJ Yl to be 217 days and determined L, =
3820 Ly, K. = 282 B, and M, = (.76 M. The pho-
tometric data from the 1993-4 eclipse were used by
Chochd et al. {1557} and Chochol & Pribulla {2000}
to caloilate the radins of the cool component 8, =
(.208A = 287 R, in agreement with the radins derived
from pulsations. Pavlenko (1897 found the pulkation
pericd of the cool giant in BT Ser P = 213 days fram
the B band phatometry.

Cod components are characterized by slow winds
with a velocity of about 10-20 lon/s. The mass los
rates estimated by Whitelock (1987} and Kenyon et al.
(1588) are M ~ 107 Mayr—! and M ~ 10~° Vgyr
frr S-type and D-type systems, respectively. Radio
ctinuum measirermnents at 5-15 GHez cafirmed this

resmlt (Seaquist & Taylor, 1550,

4. The hot cormponent

The hot components in symbictic novae have under-
e a single outburst lasting decades cansed by the
TNE an the surface of the wind accreting white dwarf.
Histarical light-ourves of the symbictic novae based on
the published photometry were presented by Miirset
and Nussbaumer {1554). We describe the histay of
the aqutburst for AQ Peg, RR Tel, PTT Vil and V1329
Cvg in meme detaiks.

AG Peg began the slowest classical nova autburst
ever recorded in the mid-1850=, rising from 5™ to 6™ in
about decade. The first available spectra from the be-
gining of 20th century revealed Be-type spectmum with
strong P-Clygni profiles of emissian lines. Then the hot
canponent. slowly shrinked, mereased its temperature
and mn 1580's evolved to a Wolf-Bayet star {WXNE spec-
trum}, a hot subdwarf with T,z > 100 000 X (Kenyon
et al., 1583}, The ITTE observations of A3 Peg showed
broad He II 21640 A and N V 31240 A emission
line profiles. A ma== lo= from the hot component by
a fast wind in AQ} Peg was proved by Nussbanmer et
al. {1595}, who detected with the HST the P Cygni
profile of ¥ ¥ Line. The wind n 1534 had a termi-
nal velocity of 1000 kn/s and a mass-loss rate about
10" Mgyr ! {Vogel & Nussbanmer, 1594). Historical
data together with ITTE spectra showed that the hot
camponent maintained a raughly constant bolametric
himinexity 3000 L, from 1870 till 1585, During 1952-
87 the bolometric lnmineeity declined by a factor 2-3
in comparison with the 158085 data (Kenyon et al.,
01},

RR Tel began itz ontburst in 15944, The mass-loss
history was described by Nussbanmer & Dumm {15577,
The nova outburst led to an extended atmosphere with
a radine f = 5 By and no mam= loss. Thereafter
it slowly shrinked and increased its effective tempera-
ture. The transition to the nebular stage was accom-
panied by a strong mass-loes. The corresponding wind
mcreased its terminal velocity from =2 400 lon/=in 1945
t iz 1300 Jon /= in 1960. There is no trace of mass loms
after 1578. At present, the TI'V dereddened contimum
can be fitted with ablack-body emission of T = 140000
K and L = 3700 L, corresponding to a hot star with §
= (1.105 Bs. The BDSAT X-ray observaticns showed
that BR Tel exhibits supersoft o pilse height distribn-
tion i.e., ementially all counts are below (.4 ke'V'. The
observations can be reproduced by the emission of a
white-dwarf model atmosphere with T, p = 142 (000 K
and L = 3500 L, (Jordan et al., 1354).

PU WVul: Liller & Liller {1975) showed that during
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Figure 1: Long-term {7 BV photometry of P17 Vul

1398-1956 the brightness of the cbject fiuctnated be-
tween 15™ - 16.5™ pricx to the slow ke to B -~ §.3™
in 1977-79. The 7BV photometry of PTT Vil is pre-
sented in Fig. 1. In 1978-87 the light curve exhibited
almost flat maxdmn nterrmpted by an eclipse in 1980-
82. The brightness maximum B ~ &.9™ was reached
in 1883. Since 15987 the brightnes contimonsly faded.
In 15934 another eclipse was detected. Dhiring the flat
madimun an F supergiant spectrion appeared {Belyak-
na et al., 1584). In 1537 the wind emerged from the
hot star and the envelope was ejected. The nova en-
tererl to nebular stage i 1990 showing a rich emis-
sicn line spectrum. P Cyg profile of Si I line in
IITE spectra taken in 195091 gave the evidence for
a wind with terminal velocity = 500 kan/= (Vogel &
Nusshawmer, 1592}, Mass Iiss from the system M =
2.7 1077 Mgyr~! was found by Seaquist et al. {1553}
from radic cbservations. He determined an expansion
velocity of the imnized shell to be s 70+10 ki /s, Cho-
chdl et al. {1997} showed that the emisicn (3 I line
profile consists of multiple peaks. They mterpreted it
as approaching and receding parts of the equatorial
ring and polar blobs with the expansion velocities
80 km/s.

V1328 Cyg: In the years 18591-15964 the brightness
of the object finctuated aronnd 15™ with ooasional
20.5™ deep decreases, which repeated with a period 555
days (Stienon et al., 1574}, interpreted as eclipses of
the hot component. by a red giant. The nova-lilke mut-
burst started in 1564. The brightness madmum of
11.5™ was reached in 1566. The brightness decline was
arcompanied by wave-like variations with the orbital
period §956.5 d. The spectral evolution after the dis-
cwvery of the chjert in 1979 was characterized by the

pradual increase of the joneation level of the emis=ion
line spectrum. Crampton et al. {1870 fomd broad
WR emis=ion features with an expansion velocity of ~
2300 kon/s and a multiple structures of [Ne I] and
[0 1] emisicn lines with peaks extending from -240
to +250 Jan/s. Grygar et al. {1975) explained these
strnctires by existence of ejected polar caps and an
equatorial ring. Tamura (1877 noted the appearance
of [Fe VII] emimzion lines and strenghtening of the He
IT line in 1574-T6.

Dbservations of symbiotic novae during mitburst
show the presence of fast winds from their hot com-
ponents. Very broad WE, em#mion features of He I,
N IO, ¢ IOIL N W lines during nebular stage man be
attributed to this wind.

Symbiotic novae fall into two classes with quite dis-
tinct spectral behavionr. In V1016 Cyg, V1329 Cyg
and HM Sge the ontburst led straight to a nebular
emtssicn spectrum. The photcephere of the ontburst-
ing white dwarf reached in madmm aly few By, In
A Peg, BT Ser, BR. Tel and PTT Vul ontbursting star
remains several years m A-F mpergiant state before
entering, the nebular phazse. The ontburst of symbi-
atic nova oomrs when unstable hydrogen shell burning
canses a white dwarf to expand to a radins of 1-100 R,
Thi madel predicts a long-duration, constant hminos-
ity phase following the visal maxdmim. The evalution
of liminosity and temperature during the outbursts of
symbictic novae was stidied by Miirset & Ni=banmer
{15654). They found the peak himincrities in the range
3700 - 3700 Ly and =lowly increasing temperatires
up to 200 000 X during their decline from visal masx-
ima. Different behaviour of two types of symbiotic no-
vae can be explained in terms of degenerate and non-
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degenerate flashes. White dwarfs underpning strong,
degenerate flash evolve into A-F snpergiant resembling
the clamical novae in maxdmuom. Objects underpo-
ing weak, non-tepenerate flash remain at high effective
temperatnres and resemble planetary nebulae at visnal
madimun {Iben, 1882; Kenyon & Truran, 1583). The
strong degenerate flashes ooonr at low accretion rates
M < 107® Moyr!, while non-degenerate flashes at
high accretion rates M > 107% Moyr~! (Iben, 1552).

Lumincrities of the hot components at platean por-
tion of a white dwarf cooling curve are directly re-
lated to their masses by the core mass-liminosity rela-
tion (Parzyns=ki, 1971; Jos= et al., 1987). The mawmes
of the white dwarfs in 3, calmlated by Mikolajew-
ska & Kenyon {1552) 'Y and Miirset & Nussbanmer
{19943 '¥ are as fdlows: V1016 Cyg (1.1 4, Bd
Sge (05 (Y; 0.95 B}, V1395 Cyg (0.68 (V); 0.81 B,
AG Peg (0.55 ; 0.54 9}, RR Tel (0.7 (J); 0.85 @),
BT Ser (0.95 @), PU vl (0.5 Y; 0.54 @), The de-
rived luminosities in platean phase are responsible for
differences in white dwarf masses presented in both pa-
pers. The distances to the systemns which can resolve
the problem are poorly kmoorn.

5. The nebnla

The rich emimsion-lne optical and TV spectra in-
dicate the presence of a cirenmstellar jonized nebula
frrmed by a maw= lo= from one ¢ both components
of the symbiotic nova. The diagnostic o the phy=ical
coanditions within the nebula {electron densities and
temperatures) can be accomplehed using the forbid-
den and mtercrmbination emisdon line fluxes {Victti
& Hack, 1993 and references therein). S-type symbi-
ctics are surrainded by nebulae with electron densities
N, ~ 10% - 10'" cm ™%, while the densities of nebulas
in D-type systems are N, ~ 10% cm ™ {(Kenyon, 1586).
Electron temperatires can be derived also from fitting
of spectral energy distribution in the comtimunm be-
tween (112 and § pm by a three-component model of
radiation. Two stellar components are approxdimated
by Planck finctions, while the nebular spectrnm is rep-
resented by the free-bonnd and free-free emismion fram
hydrogen (Slopal, 2001b). Application of this method
allowed to determine electron temperatures of AG Peg
and V1325 Cygas T = 17T 200 K and 7. = 19 500 X,
respectively (Slopal, 2001c).

Tayler {1988} reviewed the radic imaging of sym-
bictic stars and categried imied nebiulae into two
types: outburst ejecta with strang tendency for bipo-
Iar or jet morpholopy and stellar winds. V1016
Cyg and HM Sge show the characteristics of both
types. Extended nebnlae can be resolved by radio-
nterferometric cbservations and high-resclution CCD
imaging. The nebnlae of HM Sge, V1016 Cyg and
A Peg were resalved both at radio and optical wave-

length {(Corradi et al., 1599a and references therein),
V1225 Cyg by the HST at optical wavelength (Schild &
Schmid, 1857). The TV fmages of HV Sge were taken
by the H3T (Hack & Paresce, 1593). Direct images of
the extended nebilar structures aronnd D-type symbi-
ctics show bipolar genmetry. The detailed stndy of the
optical nebulae arcnnd AW Sge and V1016 Cyg (Cor-
radi et al., 1589b) shows the evidence of dongated and
collinated outflions. B Sge pomesses a orved  ooli-
mated string of knots a5 a remlt of a fast collimated
wind from the white dwarf and precessing accretion
disk. The bipdar mutflow velocities of 120 kmn/s for
V1016 Cyg and 200 kan /= for HM Sge were found from
long-slit. spectroscopic imaging {(Solf, 1583; 1534).

The matter lost by a cool giant escapes from the sys-
tem directly by conventional stellar wind ar during the
arcretion process onto the hot component. This com-
ponent. locse the mass by wind which can be collimated
by an accretion disk a by the ejection of the envelope
dne to the mitburst. Binary madel for the creation of
bipolar cirenmstelar outflows was proposed by Morris
{1687). The wind of the red giant forms an accretion
disk arcund the secondary component and an excre-
tion dik enconpasing the whole system. A second
wind arizes from the mtericr of the accretion dizk. The
presence of accretion and excretion dik in V1329 Cyg
was proposed by Chodwol & Vittone (1336). Long-
termn photometry of this object shows that the orbital
brightness variations are modulated by a secondary pe-
riced of 553 day= and a posible cycle of = 5300 day=
{Chochd et al., 1553}, probably cansed by the preces-
sicn and mitation of the accretion disk. The exdstence
of the accretion diEk iz supported by the 30 simula-
tion of the wind acoretion by compact star {Thenns &
Jatzen, 1553} as well a5 by the 21) gas dynamic sim-
ulation of a mass-transfer by stellar wind in symbictic
stars {Bisikalo et al, 1957).

In the standard model (Seaquist et al, 1384; Tay-
lor & Sequist, 1884; Nussbanmer & Vogel, 1587) the
nebula i= generated in the wind from the cod giant
and part of this wind & photoionzed by the hot star.
Ionized region can be either completely enclosed by
nentral material & the cme of imized material sweeps
over the one of the companents.

In the colliding-wind model the wind from the hot
component. interacts with the wind of the cod giant
{Wallerstein et al., 1584; Qirard & Willson, 1937; Num=-
banmer & Walder, 1553). The winds from two coanpo-
nents approach from opposite directions colliding head-
cm in the region between the stars and head-on-tail
ctside. A= a remilt, the reverse shod: propagating in
the direction of the white dwarf and expanding shodk
propagating towards and beyond the giant appear.

Detailed 3D simnlations of colliding winds in symbi-
ctics performed by Walder (1598) show the presence of
the spiralshaped interaction zone of the two winds. It
consists from the driving part, where the hot-star wind



{Jdessa Astropomical Poblications, vol. 14 {2001)

31

crashes into the slow, dense wind of the cool giant and
lagging part characterized by a huge rarefaction of the
cold wind.

For the collision region, temperatures of a few mil-
jon ¥ and consequently X-ray emision are expected.
Symbiotic noae V1QE Cyg and HM Sge were de-
tected as bright X-ray sources by Allen {1581} using
the ETNSTETY =atellite. The zame cbjects as well as
A Peg and PTU Vul were detected ako by ROSAT.
These objects exhibit harder 7 pulse height distribun-
tion that typically peals at (0.8 keV and can be re-
pro<inced with the emission from a very hat optically
thin plasma heated by the shod= in the collision of two
stellar winds (Miirset et al., 1955, 1557). All A-type ob-
servations were fitted with mme point Baymond-Smith
type plasma model and temperatures 3.1 - 6.3 milions
K were derived.

The colliding wind model was snecesdnlly apphed
to the caloilation of the line and contimnun spectra
of BV Sge (Formiggini et al., 1995), AG Peg (Con-
tini, 1997} and BR, Tel {Contini & Formiggini, 15959).
The model fits the high- and low-ionization emis=ion
lines taking into account bath the shodk created by
the winds and phatdonization fhix from the hot star.

Kenny & Taylor (1558} applied a model of orbital
caliding winds developed by Kenny {1595} to explain
radic observations of HM Sge. They derived the or-
hital pericd of HM Sge as 30150 vears. Richards et al.
(15987 1med the MERLIYV and VLA radic observations
to show that emizion peaks appear to be corotating
with the binary orbit as the imEation frant and the
hot wind from the white dwarf interact with the Mira
wind. The development of the radic strcture over §
years allowed to estimate the binary separation A =
50 ATI #f the distance is d = 1250+28) pc. Eyres et al.
(2001} 1med HST and VLA ohservations to measre for
the first time the positicns of the binary companents of
a symbiotic star HM Sge directly. They estimated the
projected anplar binary separation to be 4045 mas.
The mlliding winds model was sncceshully applied also
fr explanation of the MERLIY radio observations of
V1016 Cyg (Watson et al., 2000].
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