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SPECTRAL AND PHOTOMETRIC STUDY
OF THE OBJECT IRAS20462 + 3416

Abstract. RAS20462 + 3416 belongs to low-mass post-AGB stars with a dense compact envelope, which was
formed in the process of the mass loss by the star at the end of the pulsating AGB phase. The spectrum of the object
consists of the HI, [NII], [SII] emission lines and of Hel, which is mainly observed in absorbtion.

The temperature of the central star corresponds to the value Teff = 19500 + 500K, the electron density is 10*
em”. Several episodes of gas ejection from the atmosphere of the central star were recorded. So, in 1993 - 1994,
PCygni profiles appeared in the UV and optical spectral lines. The stellar wind velocity was ~ 800 - 990 km/s. The
photometric variability of the object was noted by many authors. In particular, quasi-periodic oscillations of
brightness in the optical range with an amplitude of 0.”1 - 0.2 and a period of ~ 4 days were detected. Rapid
fluctuations in brightness can be caused by stellar pulsations and continuing mass loss.

In this paper, we present new spectral and photometric data obtained mainly in 2015-2018. Irregular brightness
variations were detected in B, V, and R filters with an amplitude of ~ 0™.4. The results of spectral observations
indicate a gradual increase in emission line fluxes. Thus, absolute fluxes in HP, Ha, [NII] lines increased by about
30 —40%.

In terms of its physical parameters and the nature of the spectrum, the object is similar to a young planetary
nebula of low excitation. However, the irregular variability of brightness and fluxes in emission lines, as well as the
observed episodes of the matter ejection, indicate that the shell formation has not finishhed. Most likely this object
can be considered as a protoplanetary nebula.
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Introduction The object IRAS20462 + 3416 = LSII + 34 26 = V1853 Cyg belongs to the low
massive post-AGB stars with a dense compact envelope of gas and dust [1, 2]. The envelope was formed
in the process of mass loss by the star at the end of the pulsating AGB phase. According to the radio
observations [3], the image of the nebula in the Bry line has dimensions 2.0” x 1.5", with the 49° position
angle. The object is located at a distance of 2.9 - 4.6 kpc [4]. The emission lines of HI, [NII], and [SII] are
observed on the background of the continuum. Hel lines are mainly observed in absorption. In addition,
numerous metal absorption lines have been recorded. The temperature of the central star according to the
observations of 1991 corresponds to the value Teff = 19500 + 500K [2]. The variability of the intensities
and profiles of emission lines is noted. So, in the early spectrograms of 1977 and 1981, only a weak Hf
emission line was observed, while Hy and Ho were in absorption. Optical observations of the object in
1991-1995 showed the presence of strong Balmer emission and the weaker forbidden lines. The electron
density calculated from the ratio of the intensities of the lines [SII], 6717, 673 1A is 10* cm™. The presence
of Sill, CII, Fell emission lines in the spectrum of the object indicates that there is an internal zone which
is located near the central star and has the even higher density. During the observation of the object,
several episodes of gas ejection from the atmosphere of the central star were recorded. So, in 1993 - 1994,
PCygni profiles appeared in the UV and optical spectral lines. The stellar wind velocity about 800 - 990
km/s was determined from the SilV, 1400 Aand C 1V, 1550A line profiles,. Observations on September
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1997 showed the presence of the PCygni profile in the optical and UV lines, and the broad wings of the
Ha line [5]. On the IRAS 20462 + 3416 spectrograms (June 4, 2003) the blue wing in the Ha profile is
weaker than the red — a sign of P Cygni with absorption filled with emission, since the wings are very
wide [6].

The photometric variability of an object is noted by many authors. Thus, quasi-periodic brightness
variations in the optical range with amplitude of 0."1 - 0."2 and a period of ~ 4 days were detected [7].
Information on rapid brightness fluctuations with an amplitude of 0."3 in filters B and V is given in [8].
They may be due to stellar pulsations and ongoing mass loss.

Observations and processing

The first spectral observations of the object IRAS20462 + 3416 in the Fesenkov Astrophysical
Institute were carried out in 2006-2007. Those spectra contained only the Balmer hydrogen lines. That
time an absolute calibration of the spectra was not carried out, only equivalent widths of emission lines
and the shape of profiles were obtained. Later, in 2015-2018 spectral and photometric observations of the
object were performed. The star HD 198183 with a known energy distribution [9] was used as a standard
for the absolute calibration of the spectra.

Photometric observations of the object were carried out with the telescope AZT-8, the 1-meter
telescope at the Assy-Turgen Observatory, and the 1-meter telescope at the Tian Shan Observatory
(TSHAO). The following CCDs: SBIG ST-8 (1530x1020, 9u) (AZT-8), SBIG ST-7 (756x510, 9p) (Assy-
Turgen), Alta F16M (4096x4096, 9u) of Apogee (TShAO) and a set of Johnson B V R filters were used.

The initial processing of an image consists of standard operations using the Bias, Dark and Flat
service files. Image measurements are performed using the standard software packages MaximDI 6 and
IRAF. Correction for atmospheric extinction and transformation of the obtained brightness to the
standard system B V R is carried out using a system of corresponding equations.

Spectral observations were carried out using diffraction spectrographs mounted on the already
mentioned telescopes. The following CCD: ST-8 (1530x1020, 9u) and SBIG STT-3200 (2184x1472,
6.8u) were used. The spectral range available for observations is ~ 3500A (40001& —7500A).

Recent years, additional spectral observations were carried out on a 1-meter telescope installed at the
Tian Shan Observatory. The telescope is equipped with a new diffraction spectrograph. At the output of
the spectrograph, SBIG STT-3200 (2184x1472, 6.8) is installed.

During observations, the spectrograms of an object with a narrow (2"- 3") and a wide (7"- 10")
entrance slit are obtained. Observations of a standard star with a known energy distribution are performed
with a wide slit, which guarantees the pass and registration of the full radiation flux. File processing
consists of subtracting the dark background, taking into account field errors and taking into account
atmospheric absorption.

The spectral sensitivity of the equipment is determined by comparing the observed energy
distribution in the standard spectrum with the Catalog data. After taking into account all corrections, the
values of fluxes are determined in absolute energy units. Spectrograms obtained with a narrow slit and
with a resolution of 0.25 - 0.5A/pc are used to study the structure of emission profiles. Log of
observations of IRAS20462+3416 is presented in Table 1.

Obtained results

The data obtained from photometric observations are given in Table 2 and in Figure 1. Rapid
brightness fluctuations with amplitudes of 0."4, 0.™1 and 0.™1 were recorded in 2016, in B V R filters,
respectively.

The overall picture of the behavior of the object brightness is as follows: at first, its decrease was
observed in all three filters, the minimum was in the middle of 2017. Then the reverse process began, and
by mid-2018 the brightness increased by about 0."15 (Figure 1).
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Table 1 - Log of observations of IRAS20462+3416

Date of Type of Wavelength range Spectral resolution Telescope,
observations observations (A) Observatory
4400 - 5100 9800
10.10.2007 Spectral 6100 - 6800 13000 1-m. Assy-Turgen
Spectral 4400 - 5100 9800
18.07.2015 Spectral 6100 — 6800 13000 1-Mm. Assy-Turgen
Photometric BVR
Spectral 4400 - 5100 9800
12.08.2015 Spectral 6100 — 6800 13000 1-m. Assy-Turgen
Photometric BVR
Spectral 6100 — 6800 13000
01.08.2016 Photometric BVR 1-m. Assy-Turgen
03.08.2016 Photometric BVR 1-m. Assy-Turgen
Spectral 4400-5100 9800
06.08.2016 Photometric BVR 1-Mm. Assy-Turgen
4400 -5100 9800
26.06.2017 Spectral 6100 - 6800 13000 1-m. Assy-Turgen
4400 - 5100 9800
21.07.2017 Spectral 6100 - 6800 13000 1-m. Assy-Turgen
15.09.2017 Spectral 6100 - 6800 13000 1-m. TShAO
19.09.2017 Spectral 6100 - 7100 9000 0.7m. AZT-8
22.06.2018 Spectral 4400 - 5100 7500 0.7m. AZT-8
09.07.2018 Photometric BVR 1-m. TShAO
18.07.2018 Spectral 4400 - 5100 7500 0.7m. AZT-8
Table 2 - B V R magitudes of the object IRAS20462+3416
Date of observations JD-2400000 B mag V mag R mag
18.07.2015 57222.330 11.28+0.01 11.07+0.01 11.0240.01
12.08.2015 57247.268 11.26+0.05 11.10+0.04 10.97+0.04
01.08.2016 57602.306 11.39+0.01 11.20£0.01 11.14+0.02
03.08.2016 57604.267 11.80+0.06 11.15£0.05 11.13+0.04
06.08.2016 57607.278 11.53+0.01 11.25+0.01 11.04+0.03
21.07.2017 58048.348 11.46+0.01 11.29+0.01 11.23+0.01
09.07.2018 58309.330 11.38+0.01 11.09+0.01 11.14+0.01
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Figure 1 —Change of brightness of the object IRAS20462+3416 in 2015 — 2018
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Only emission lines HP, Ha, [NII],6548,6583A and Hel, 4921,66781& in absorption are registered on
our spectrograms. Absolute fluxes and equivalent widths of lines are given in Table 3. The figure 2
illustrates the behavior of radiation fluxes in hydrogen lines. The results of spectral observations indicate
a gradual increase of emission line fluxes during 2015-2018 (Fig 2). A similar trend is observed in the
behavior of the forbidden lines [NII], 6548, 6583A.

Table 3 — Characteristics of emission lines in spectrum of IRAS20462+3416

Date of HB Ha [NII],6583
observations Fel07 EW Fe107 EW Fe107 EW
11.09.2006 1.240.2
12.10.2007 1.3+0.3 13+0.6 0.51+0.09
18.07.2015 2.66+0.07 0.9+0.3 1.45+0.15 6.9£0.3 0.98+0.15 0.43£0.06
12.08.2015 3.06+0.23 1.0+0.1 1.40+0.04 7.3£0.2 1.10£0.02 0.58+0.01
06.08.2016 3.34+0.28 1.2+0.1
21.07.2017 3.84+0.27 1.4+0.1 1.57+0.01 9.7+0.7 1.00£0.19 0.63+0.18
15.09.2017 1.3840.12 6.9+£0.2 1.09+0.12 0.58+0.11
19.09.2017 1.75£0.11 8.0£0.2
22.06.2018 4.04+0.16 1.5+0.1
18.07.2018 3.78+0.31 1.2+0.1 1.45+0.07 7.240.3 0.98+0.21 0.49+006
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Figure 2 — Change of HB and Ha emission line fluxes

Due to its physical parameters:(Teff=19500K, Ne=10"cm™) and the spectrum, the object is similar to a
young low excitation planetary nebula. However, the irregular variability of brightness and emission
fluxes, as well as the observed episodes of matter outflow, indicate that the shell formation was not
finished, and the object is now in a transitional stage from post-AGB stars to planetary nebulae. Most
likely, it can be considered as a protoplanetary nebula.

The work was carried out within the framework of Project No. BR05236322, financed by the
Ministry of Education and Science of the Republic of Kazakhstan.
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«B.I'.®ecenkoB atbinnarsl Actpodusuka uactutyTb» EXXIIC, Anmarsl, Kazakcran
IRAS20462+3416 OBBEKTICIHE CIIEKTPJIIK )KOHE ®OTOMETPJIIK 3EPTTEYJIEP

Annoranusi. IRAS20462 + 3416 oOwexTici, Jaymiigey Ke3eHiHIH COHBIH/A Macca JKOFAJITy HOTHXKECIHIEe
KaJIBIITaCKaH, THIFbI3, MAFbIH KaObIKmaiel post-AGB a3 maccuBTi skyiasi3aapra xaraasl. OOBEKTIHIH CHCKTPIHIC
HI, [NII], [SII] xone Hel aMuccusibIK ChI3bIKTapbl KOOIHE KYThUTY Ke3iHe Oaitkanmansl. OpTaibIK HKYJIIbI3IbIH
temnepatypacsl Teff = 19500 + 500K mramara coiikec, 3MEKTPOHIBIK THIFBI3IBIK, 10%cm™ kypaiiasL.

OpranbIK KyIae3 aTMochepacsiHaH ra3 OeIIIeKTep JKapPKbUIBIHBIH OipHEIe SIu30ATTaphl Tipkenai. 1993-1994
xpuiapaa YK npoduibinie jxoHe ONTHKAJIBIK ChI3bIKTapAa Pcygni kypayuibiiapbl naiaa Gomnasl. JKyJabi3ibik
KeImiH corikec MoHi ~ 800 - 990 KM/CeKk Kypaupl.

Kenreren aBropnap 00beKTiHIH (OTOMETPIIIK allHBIMAIBUIBIFBI Typalibl aTamn oTTi. COHBIH ilIiH/E, TEPUOJIbI ~
4 xyH Gonareid sxoHe 0."1 - 0.2 aMIUIMTY b )KapKbIPAYBIHBIH KBa3UIIEPHUOATHI TepOesici Tipkenai. OObeKTiHiH
KBUIZaM ©3repyl 3aT aFbIHBIHBIH JKAIFACYbl HKOHE KYJIBICIBIK JIYIYJIMEH OaillaHbICThl 0OJTYbl MYMKIH.

byn xymbicta 2015-2018 xpugap apanibifblHIQ ajJbIHFAH CIEKTPIIK JXKoHE (OTOMETpIIK jKaHa OakbLiayyiap
kenripinred. Ammmryzaacel ~0™.4 6onarein, B, V kone R QuibTpiapeiHa Iypeic EMEC jKapKbIpay TepoesicTepi
TaObuibl. CreKTpiiK Oakpuiayiap Ke3iHAe 3MHUCCHUSUIBIK ChI3BIKTAP/IbIH COyJIeNeHYiHIH OipTiHaen ecyi Oaiikaaspl.
biznin G6axputaynap kesinae HP, Ha, [NII] sMHCCHSIBIK CBI3BIKTAp/AAFbI COYJIENEHYAIH aOCOMIOTTIK aFbIHbI HIaMa-
meH 20-40 % apTThL

CriexTpiiik koHe (U3MKaIbIK cumarramaiapsl OodbiHiia IRAS20462+3416 00BekTiCi OCNICEHII eMec Kac
TUIAHETANIBIK TYMaHJbIKKa TOH. DMHUCCHUSUIBIK ChI3BIKTApJaFbl JKapKbIpay arblHbI )KOHE JKapKbIpay aifHbIMAIIbLIbI-
FBIHBIH JIYPBIC €MECTirl KaOBIKIIAHBIH KaJBIITACYbIHBIH JKaJFacyblH Kepcerelni. MyMKiH, OyJl 0OBEKTiHI MpOTO-
TUIAaHETAIBIK TYMaH/IBIKKA KaTKbI3yFa 00Jabl.

Tyiiin ce3nep: TuUIaHETANBIK TYMaHIBIKTAP, AMHUCCUSUIBIK ChI3BIKTAp, MOHIBI CHI3BIKTAp, JKEKe OO0BEKTiIep:
IRAS20462+3416.

YK 524.54
JL.H. KonagparbeBa, J.K. lenuciok, U.B. Pesa, M.A. Kpyros
Actpoduznueckuii MuctutyT nm Gecenkosa, Anmarsl, Kazaxcran
CIIEKTPAJIBHBIE 1 ®OTOMETPUYECKHUE NCCJIEJOBAHUS OB BEKTA IRAS20462+3416

Annoranus. O6sext IRAS20462 + 3416 oTHOCHTCA K MaroMaccHBHBIM post-AGB 3Be3maMm ¢ MmI0THOH KOM-
NaKTHOH 00601I04KO#, kKoTOpas chopMupoBanace, Oiiarogapsi IpoleccaM IMOTEPH MAacchl B KOHIE ITyJIbCAMOHHON
cranuu. B crektpe oOwvekTa mpexncraBieHsl dMuccuoHHble smHUM  HI, [NII], [SII] m muamm  Hel, xotopsie B
OCHOBHOM HaOJIIOJAI0TCS B TIOTJIOLICHHH.

Tewmreparypa neHTpansHON 3Be346I cooTBeTcTBYeT 3HaueHnto Teff = 19500 + 500K, snexTpoHHas MIOTHOCTH
coctapmster 10%cm™.

3aperucTpupoBaHO HECKOIBKO AIH300B BEIOpOCca (parMeHTOB ra3a u3 aTMOoc(epsl EHTPaTbHON 3Be3bl. Taxk,
B 1993 — 1994rr B mpodmsax YO u ONTHUSCKUX IUHHUHA MOSBIIHACH Pcygni kommoHeHTH.. COOTBETCTBYIOIICE
3Ha4YCHHE 3BE3THOTO BeTpa coctaBisieT ~ 800 - 990 km/cexk.

doromMeTpuyecKas MEPEeMEHHOCTh 0OBbEKTa OTMEYEHa MHOTMMH aBTOpaMu. B wacTHOCTH, OBUTH 3a(HKCHPO-
BaHbl KBasWIICPHOIMUECKUe Konebanmst Oimecka ¢ amrumurynoi 0."1 - 0."2 u mepwomom ~ 4 mHeid. Bwictpbie
¢uryktyaunu Giecka 00bEKTa MOTYT OBITh BBI3BaHBI 3BE3IHBIMH IYJIECALMAMH H MPOJOJDKAIONIMMCS HCTCUYCHUEM
BEILECTBA.

B nmanHO# paboTe NMPUBOASATCS HOBBIE CIIEKTPAIbHBIE U (OTOMETPUYECKHE JaHHBIC, TIOJIyYCHHBIC, B OCHOBHOM,
B 2015 — 2018 rr. OGHapy:KeHbI HeperysIpHbIe Koiebanus Onecka B B, V u R ¢uinprpax ¢ ammumurynoit ~0™.4. B
npolecce CHEKTPAIBHBIX HAOJIIOJCHUH BBIABICHO NOCTCIICHHOS YCHIICHHE HM3JIyYCHHUS B OMHUCCHOHHBIX JIMHHSX.
Tax, abcoNOTHBIE MTOTOKM WM3IMYYCHUS B dMHCCHOHHBIX JuHUAX HP, Ho, [NII] yBemwmummmce mpumepro Ha 20 —
40%.
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ITo cBOMM (PH3HUYECKNM U CHEKTPAIBHBIM XapakTepucTukaM o0BheKT IRAS20462 + 3416 moxox Ha MOJOAYIO
TUIaHETapHYI0 TYMaHHOCTh HU3KOTO BO30YJeHus. OHAKO HeperyJisipHas MepeMeHHOCTh OJiecka M MOTOKOB H3ITy-
YEHUsI B SMUCCHOHHBIX JIMHUAX, TaK )K€ KaK U BBIOPOCHI MaTEepUH, yKa3bIBAIOT HA TO, 4TO (DOPMHUPOBAHHE OOOJIOUYKH
npojospkaercs. BeposiTHee Bcero, JaHHbBI OOBEKT MOXKHO KJIACCH(HUIMPOBATH, KaK MPOTOILIAHETAPHYIO TyMaH-
HOCTb.

KiroueBble c10Ba: IPOTOIUIAHETAPHBIE TYMAHHOCTH, SMUCCHOHHBIC THHUK; B V R BeIWYNHbL, HHIUBUIYATTb-
Hele 00bekThl: IRAS20462+3416
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