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FEATURES OF X-RAY RADIATION IN SYMBIOTIC STARS

Abstract. Modern observations of X-ray radiation from individual symbiotic stars are given to clarify their
nature. Thus, the spectral features in a wide range of X-rays, optical and ultraviolet, and the rapid UV variability
found in SU Lyn are consistent with the assumption that this is a symbiotic star with an accreting white dwarf. RT
Cru is a prototype of symbiotics without burning shell on a dwarf with a hard type of x-ray radiation, providing an
idea of the most internal structures of accretion. The X-ray type of radiation from the symbiotic star V1329 Cyg
indicates that some of the high-energy radiation may occur as a result of strikes in the jet and beyond the symbiotic
nebula. In the symbiotic recurrent new T CrB, a sharp increase in the rate at which the material reaches the
innermost part of the accretion disk, that is, the boundary layer, is found, this can dramatically change its structure.
X-ray satellite Suzaku investigated symbiotics in which X-rays exceed 10 keV (T CrB, CH Cyg, V648 Car). Suzaku
CD-28 3719, Hen 3-1591, Hen 3-461, EG And and 4 Dra were observed, in which the models are compatible with
X-rays emitted in the boundary layer between the accretion disk and the white dwarf. This paper discusses the
various observable properties of individual symbiotic stars on space telescopes to identify common features that can
explain the nature of symbiotic stars.
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Introduction Spectral observations of symbiotic stars in optics have shown a complex spectrum,
which is associated with duality. The hot compact component (usually a white dwarf, WD) contributes to
the blue UV region of the spectrum, while the cold red giant dominates the spectrum on longer waves.
Optical, infrared and ultraviolet spectral regions are rich in radiation lines from forbidden and allowed
transitions, which arise mainly as a result of photoionization and recombination of a nebular plasma
heated by a hot component. Radio, optical and X-ray observations show jets with velocities from several
hundred to 1000 km / s and the thermal radiation from the red giant's ionized wind can even generate y
rays during eruptions. This paper discusses the various observable properties of individual symbiotic stars
in the x-ray range, obtained by space telescopes, to identify common features that can explain the nature
of X-ray radiation from symbiotic stars.

The results of modern observations on space telescopes

Observations from space telescopes XMM-Newton, Swift / XRT, Suzaku and others have made it
possible to detect new sources of X-ray radiation in symbiotic stars. X-ray spectra with energies above 2
keV, obtained using Swift / XRT, are consistent with thermal radiation and are divided into three different
groups. They allow us to understand the place of the formation of X-ray radiation: 1 group-associated
with the boundary layer of the accretion disk. 2- consists of sources with a single, soft X-ray spectral
component, which is associated with the region of collision of winds, 3- consists of sources with hard and
soft X-ray spectral components, which exhibit UV-blink, which is a common property of symbiotic stars.
The physical interpretation of the two spectral components of x-ray radiation and simultaneous ultraviolet
photometry of Swift show that symbiotic stars with more intense x-rays tend to have more UV flicker,
which is usually associated with disk accretion. [1]

Studies on symbiotic stars usually rely on low-resolution optical spectroscopy. Observations from
Swift and ground-based optical spectroscopy made it possible to detect a hard x-ray source 4PBC J0642.9
+ 5528, which was identified with the poorly studied red giant SU Lyn. The X-ray spectra, from optical to
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ultraviolet, and the fast UV variability of SU Lyn are in good agreement with the assumption that this is a
symbiotic star containing an accreting white dwarf. The symbiotic nature of SU Lyn has so far remained
unnoticed, since it did not detect strong emission lines in low-resolution spectra. Mukai et al. (2016)
discovered that the red giant SU Lyn is the optical analog of a hard, thermal x-ray source and that it is a
symbiotic containing an accreting white dwarf. [2] Its properties, including excess in UV, compared with
non-interacting red giants and variability in the optical lines of the Balmer series, [Nelll] and Ca II, are
consistent with the accretion onto a white dwarf without burning the shell. In general, observations
confirmed that, in the X-ray range, optically thin plasma dominates in emission, which can be hot 2 x 108
K (kT 17 keV) and reach a maximum at 3 x 108 K with the assumption of cooling flux in the model. An
analysis of the hard X-ray radiation properties of the SU Lyn allowed us to identify strong and variable
internal X-ray absorption with rapid variability, suggesting that the absorber is located next to the
accreting white dwarf. [3]

Luna G.J.M. et.al. [4] showed that the RT Cru object is a prototype of symbiotics without burning
the shell on a dwarf; its hard type of X-ray radiation gives an idea of its most internal accretion structures.
Over the past 20 years, RT Cru has experienced two similar events of increasing brightness, separated by
an interval of 4000 days and with an amplitude of AV = 1.5 mag. Swift detected an increase in X-ray
brightness, near the second optical peak. Spectral and temporal analysis of multiwave observations
indicate that accretion continues through a disk that reaches the surface of a white dwarf. Moreover, the
similarity of ultraviolet and x-ray fluxes indicate that the boundary layer of the accretion disk remained
optically thin with respect to its own radiation during the increase in brightness when the accretion rate on
WD increased to 6.7 X 10 -9 Mo / yr. [4]

Among symbiotics, there are also white dwarfs with quasi-stable burning of the shell on their
surface, although the origin of this burning is not yet clear. Probably in slow symbiotic, it is associated
with past thermonuclear release. So in June 2015, the symbiotic slow new AG Peg was seen only in its
second optical flash since 1850. This recent outbreak had a much shorter duration and lower amplitude
than the previous outburst, and it contained multiple peaks — similar outbreaks were seen in classic
symbiotic stars such as Z And. Between June 2015 and January 2016, fast Peg X-ray and UV observations
were obtained. The X-ray flux was noticeably altered in time scale, especially during the four days near
the optical maximum, when the X-rays became bright and soft. This strong X-ray variability continued for
another month, after which the X-rays became hard when the optical flux decreased. The UV flux was
high throughout the flash, which is consistent with the quasistationary burning of the shell on a white
dwarf. Considering that accretion disks around white dwarfs with shell burning usually do not produce
noticeable X-rays (due to Compton-cooling of the boundary layer), X-rays are likely to have originated
from blows in the emissions. Since the photoelectric absorption of x-rays has not changed significantly,
the variability of x-rays can be directly attributed to the properties of the discarded material. This is how
AG Peg transitioned from a slow symbiotic one (which supplanted the outbreak of 1850) to the classic
symbiotic star. [5]

In another case, the X-rays of the symbiotic star V1329 Cyg detected with XMM-Newton showed a
spectrum consisting of plasma with two temperature peaks: kT =0.11 keV and kT = 0.93 keV. The impact
velocities corresponding to the observed temperatures are about 300 km / s and about 900 km / s. No
periodic or aperiodic X-ray variations were detected; the upper limits of the amplitudes of such changes
were 46% and 16%, respectively (rms value). The nature of the soft component of the X-ray spectrum
suggests that some of the high-energy radiation may occur as a result of impacts in the jet and outside the
symbiotic nebula. Lower speed in HST observations corresponds to the speed of the expanding structure.
Higher velocity may be associated with an internal impact at the base of the jet or with impacts in the area
of accretion. [6]

According to the work of Luna G.J.M. et.al. [7] The symbiotic recurrent new T CrB showed a sharp
increase in the rate at which the material reaches the innermost part of the accretion disk, i.e., the
boundary layer, which can drastically change its structure. From data analysis from X-ray, ultraviolet and
optical telescopes and the American Association of Variable Star Observers (AAVSO) in the V and B-
bands, it was found that during the optical set, which began in early 2014 (A V= 1.5): 1 - hard X-rays, as
seen from BAT, almost disappeared; 2- XRT X-ray flux decreased significantly, while the optical flux
remained high; 3- The UV flux increased 40 times the dormancy value; and 4-x-ray spectrum has become
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much softer, and a bright, new, blackish component has appeared. Probably, the optical brightness event,
similar to the one observed approximately 8 years before the most recent thermonuclear flash in 1946, is
associated with disk instability. [7]

X-rays from five symbiotic stars observed from the Suzaku satellite were recorded. These objects
were selected for deeper observations after their first detection using ROSAT and Swift. It turned out that
X-ray spectra can be adequately adapted to the absorbed optically thin different thermal plasma models.
Such models are compatible with X-rays in the innermost area of the accretion disk, that is, in the
boundary layer. Based on the large amplitude of blinking (only detected in 4 Da), high plasma
temperature and previous measurements of UV variability and brightness, it was assumed that all five
sources are accretion-active due to the optically thick boundary layer. Considering the time interval
between the previous and these observations, the long-term variability of X-ray was studied and it was
found that its own X-ray flux and intermediate absorption column may vary depending on three or more
factors. However, the location of the source of absorption and how changes in the rate of accretion and
absorption are still elusive are still elusive. [8]

Currently, symbiotics are recognized as objects with X-rays. Of the 220 known systems, 45 were
detected on X-ray waves, most of them with radiation in the range 0.3—10 keV. However, some of them
were detected at energies up to 100 keV. X-ray satellite Suzaku investigated symbiotics in which X-rays
exceed 10 keV (T CrB, CH Cyg, V648 Car). Suzaku CD-28 3719, Hen 3-1591, Hen 3-461, EG And and 4
Dra were observed with higher quality X-ray spectra. It was found that the X-ray spectra of all five
sources can adequately correspond to the absorbed, optically thin thermal plasma models with a multi-
temperature plasma. These models are compatible with X-rays that occur in the boundary layer between
the accretion disk and the white dwarf. High plasma temperatures kT> 3 keV for all objects were higher
than expected for headwinds. Based on these high temperatures, as well as on previous measurements of
UV variability and UV brightness and on a large X-ray reflection amplitude, it was concluded that all five
sources belong to objects with accretion, with mostly optically thick boundary layers. X-ray data allow us
to observe only a small optically thin part of the radiation of these boundary layers. Considering the time
between previous observations and observations, it was found that its own X-ray flux and intermediate
absorbing medium can vary over three years or more. But the location of the absorber and the relationship
between changes in the rate of accretion and absorption are still unknown. [9]

Conclusion

Thus, the region of formation of X-ray radiation at high plasma temperatures of about kT> 3 keV is
most likely associated with the boundary layer between the accretion disk and the surface of the white
dwarf, and a soft X-ray can form in the region of wind collision. X-ray spectra can be adequately adapted
to the absorbed optically thin multi-temperature thermal plasma models. Such models can explain the
formation of X-ray radiation in the innermost region of the accretion disk, that is, in the boundary layer.
Sources with hard and soft X-ray spectral components, which are accompanied with UV blinking, are
most likely associated with accretion into predominantly optically thick boundary layers.
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CUMBUOTHUKAJIBIK KYJIABI3JAPABIH PEHTI'EH
COVJIEJIEHYIHJETT EPEKIIEJIIT

AnHoTanus. JKeke CHMOMOTHKAIIBIK KYJIIBI3IAP/IbIH TAOUFATBIH TYCIHAIpyTe, X-ray CoyJeleHyiHIH 3aMaHayu
Oakputay mamimertepi kenrtipinreH. SULyn oOBEKTICIHIH CIIEKTPIIK epeKILIeNiKTepl KeH JUana3oH/Ibl peHTIeHHEH,
ONITHKAJIBIK JKOHE YJIBTPAKYJITiH jkoHe Te3 Y K-aliHbIMaIbIIbIK TaOBIIIbl, OYJ1 CUMOMOTHKAIIBIK JKYJIIBI3 aK epreker
RTCru MeH akkpenusiaaHa/bl, eprexeisie KaTaH pPEHTTCHCOYJIeNeHyl, KaOBIKIIaHBIH J>KaHybl OOMManmbl, Oy
JIETeHIMI3 aKKPELMSIHBIH TYIIKI 1IIKI KYPBIIBIMBIHA JKaJITbl TYXKbIppIMaama Oepeni. CUMOMOTHKANBIK >KyI1Ib3 V1329
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Cyg X-ray coyneneHyiHiH KeiOip Oemiri >KOoFapbl SHEPTHSUIBI COyNeleHyAiH Oomy ce6eOiH CHMOMOTHKAIBIK
TYMaHJBIKTAaH THIC aFBIH COKKBUIAPBIHBIH HOTIDKeCiHIe 00iysl cyMKiH. TCrB pekkypeHTTI aHa CHMOHMOTHKAIBIK
JKYIIABI3AA KBUIIAMABIKTEIH KEHETTeH OcCyl, IIeKapajblK KadaT sSFHM aKKpPEeIFSUTBIK TUCKTIH TYIIKI imIKi OeiriHe
MaTepUsHBIH JKETyi OHbIH KYPBUIBIMBIHBIH @3repicine okeseni. Suzaku penrtre cepiri coysesnenyi 10 k3B acarbin
(TCrB, CHCyg, V648 Car) cuMOMOTHKANbBIK KyJIab3aapasl 3eprreni. lllexapanblk kadarTa akKpenualblK JHCK
JKOHE aK eprexkei/iiH PeHTIeH coyleneHyiHie Moesbaepi calikec kenetin SuzakuCD-28 3719, Hen 3-1591, Hen 3-
461, EGAnd xone 4 Dra oObekrinepine Oakpuiayaap »ypri3uii. by mympIcTa, CHUMOMOTHKANBIK KYJIIBI3AAPIbIH
TaOWFAThIH TYCIHIIPYre FaphIITHIK TEJICCKONTAP KOMErIMEH OarbUIAHFaH KEKe CHUMOMOTHKAJIBIK MKYJIIbI3AaPIbIH
JKAJIITBI YKCAC )KEKE KACUETTEPiH Ta0y OOJIBII TaObLIAIbI.
Tyiiin ce3nep: CUMOMOTHKANBIK XKYJIIBI3AAP, TAOUFAT X-ray CoyJIe/IeHY.
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OCOBEHHOCTU PEHTTEHOBCKOI'O U3JIYYEHUA B CUMBUOTHUYECKHX 3BE3/IAX

AnnHoranus. [IpuBeneHb COBPEMCHHBIC NaHHbIC HAOIIOACHUI X-ray M3Jy4eHHs OTACIbHBIX CHMOMOTHYCCKIX
3B€3]] JUISl BBUICHEHMS MX INpUpojbl. Tak, CHEKTpajbHbIE OCOOCHHOCTH B IIMPOKOM [HMalla30HE OT pPEHTIeHa,
onTuyeckoro M ynbrpaduonera u Obictpas Y®d-u3meHumBocTh, oOHapyxeHHas y SU Lyn, coriacyrorcs c
NPEAIIOIOKEHHEM, YTO 3TO CUMOMOTHYECKas 3Be3/a C akkpeuupyromuMm OenbiM kapiaukoM. RT Cru sisercs
MPOTOTUIIOM CHMOHOTHKOB 0€3 TOpeHHsI OOOJIOUKH Ha KapJiHKe C JKECTKUM THIIOM PEHTI€HOBCKOTO W3IIyUEHUS,
o0ecrieunBaONMM MPEACTABICHHE O CaMBIX BHYTPEHHHMX CTPYKTypax akkpenuu. Tun X-ray H3IydeHHs
cumbnotryeckoit 3Be3nbl V1329 Cyg mokas3plBaeT, 4TO HEKOTOpas YacTh M3IYYCHHUS BBICOKOW DHEPTHH MOXKET
BO3HHMKaTh B PE3yNbTaTe YIAapoB B CTPye M 3a NpelaeraMd CUMOHMOTHYECKOW TyMaHHOCTH. Y CHMOHOTHYECKOH
pexyppentHas HOBoM T CrB oOHapykeHO pe3koe yBEeTHUeHHE CKOPOCTH, C KOTOPOH MaTepuan AOCTHIaeT CaMOM
BHYTPEHHEH 4acTH aKKPEIMOHHOI'O JWCKA, T. €. IOIPaHUYHOIO CJIOS, 3TO MOXET Pe3KO M3MEHHTh €r0 CTPYKTYpY.
PenTrenoBckuii cyTHHK Suzaku wccienoBai CUMOMOTHKH, Y KOTOPBIX PEHTTCHOBCKOE M3ydeHUE mnpesbimact 10
k3B (T CrB, CH Cyg, V648 Car). IIpoenens Hadmronenust Suzaku CD-28 3719, Hen 3-1591, Hen 3-461, EG And
n 4 Dra, y KOTOPBIX MOJIETH COBMECTHUMBI C PEHTT€HOBCKHM H3JIyY€HHEM, BOSHHKAIOIIUM 8 NOCPAHUYHOM ClO€
MedncOy aKKpeYUoHHbM Ouckom u OenbpIM KapnukoM. B nmaHHOW paboTe paccmarpuBaloTcs pa3HOOOpasHbIe
HaOJr0JaeMble CBOWCTBA OTAENBHBIX CUMOMOTHYECKHUX 3BE3Jl HA KOCMHUYECKUX TEJIECKOINax ISl BBISBICHUS OOIINX
MIPU3HAKOB, CIOCOOHBIX OOBSICHUTB IPUPOTY CUMOMOTHUYECKNX 3BE3].

KaioueBble c10Ba: ciMONOTHYECKHE 3BE3/bI, TPUPOAA X-ray U3TydeHHS.
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