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SPECTRAL AND PHOTOMETRIC STUDY
OF TWO OBJECTS IRAS 22023+5249 AND IRAS 06053+1837

Abstract. The objects IRAS 06053+1837 and IRAS 22023+5249, are considered as planetary nebula
candidates. They have far infrared colors, which are typical to planetary nebulae. Their rather cool stars are
surronded by envelopes, in which some low-excitation emission lines are formed.

BV photometry of the object IRAS 22023+5249, carried out in 2017-2020, resulted the scatter of B and V
values within 0Om25 and 0 m10 respectively. Moreover a tendency of the gradual increasing of brightness is revealed.
Absolute fluxes and equivalent widths of the HP, Ha, [NII], 6548, 6583A and Hel, 6678A emission lines in the
spectrum of IRAS 22023+5249 are determined. The strengthening of the emission lines is confirmed. Most likely
increasing of an effective temperrature of the star is responsible for observable variations. As a whole spectral and
photometric characteristics of the object IRAS 22023+5249 correspond to its status as a low-excitation planetary
nebula.

For the object IRAS 06053+18370bservable data are obtained in 2014 -2019. Much larger the scatter of B V R
values is observed: 0m50, 0Om15 and 0 m30 respectively. The only HI emission lines are presented in its spectrum.
Asymmetrical profiles of lines have broad wings on the short wavelength side. The evolutionary status of the object
is not defined; its characteristics, are more similar to those of the young AeBe Herblg stars.

Key words: emission objects, emission spectrum, B V R magnitudes, individual objects: IRAS 22023+5249,
IRAS 06053+1837.

Introduction. The theory of the planetary nebulae formation as a whole has long been developed. But
the problem of evolutional progenitors is as important and actual. It is known that some Be stars can
develop circumstellar gaseous nebula, which creates an emission spectrum with forbidden lines. In other
words, such object looks like as a planetary nebula. Last years some candidates for the planetary nebulae
progenitors were found among the objects from IRAS catalog. They have the far infrared color typical for
planetary nebulae, and due to such criterion it is possible to distinguish them from the other types of
objects. Then the detected radio continuum can confirm the belonging ofthe object to the planetary nebula
candidate [1,2]. Many of the objects from IRAS catalog already have low-excitation emission line spectra.
Two ofthem: IRAS 22023+5249, IRAS 06053+1837 are considered in this paper.

Object IRAS 22023+5249=LS 111+5254=GGR 44=TYC 3969-2206-1 was initially entered in Catalog
of early type emission-line stars [3]. Infrared observation of this object showed the presence of C and
O rich dust features [4,5]. The high-resolution spectra of IRAS 22023+5249 were studied in Paper of
Sarkar et al. [6]. The authors obtained the large heliocentric velocity of the object (-148.3+0.6 kms-1),
Teff = 24,000 K and log g = 3.0 + 0.5. The only data of UBV observations of the object, carried out in
2007-2012, were presented by Arkhipova et al. [7]. The authors registered irregular photometric
variability with the maximal amplitude of 0.m25 in the V filter. Moreover, an increase in the brightness of
the object was accompanied by an increase ofthe color index (B-V) and by decrease of (U-B) [1].
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Object IRAS 06053+1837 = LkHa 209 was included in different observational programs [2,8]. Thus
its classification was changing from the star of the spectral class KO0 to the possible protoplanetary nebula.
Information about this object is also very limited: BVR photometry was carried out in 1986-1995 [2,9].
Our spectral and photometric observations of IRAS 22023+5249 and IRAS 06053+1837 were carried out
in 2014-2020.

Observations and data reduction. Photometric observations of the objects were carried out with the
Eastern 1-meter Carl Zeiss Jena telescope located at the Tyan-Shan Observatory of Fesenkov
Astrophysical Institute. The CCD camera Alta F16M (4096x4096, 9u) of Apogee and a set of Johnson B
V R filters were used. Four standard stars were chosen in the field and were used for calibration. These
stars are well-isolated, with a brightness comparable to the object. They are located at small angular
distance from the target, thus there is a negligible difference between atmospheric extinction for standards
and object. All instrumental BVRc magnitudes of the objects were determined relative to each standard
and were transformed to the standard photometric system. The expressions for this procedure were
obtained from photometric measurements of the stars from [10]. Obtained images were processed using
the Bias, Dark and Flat files. Image measurements are performed using the standard software packages
MaximDIl 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 spectrograph mounted the telescope AZT-8.
CCD camera SBIG ST-8 (1530x1020, 9u) (AZT-8) was used in 2011, later it was changed by
SBIG STT-3200 (2184x1472, 6.8u). Two spectra of the object werer obtained with the second
“WESTERN” 1-meter telescope of TShAO. The telescope is equipped with a new diffraction
spectrograph. At the output ofthe spectrograph, SBIG STT-3200 (2184x1472, 6.8u) is installed.

During observations, the spectrograms of an objects and standards were obtained with a wide
(7"- 10™) entrance slit. Standard stars with a known energy distribution were used for calibration of the
fluxes. File processing consists of subtracting the dark background and taking into account atmospheric
absorption.

Results. Photometric data for the object of the IRAS22023+5249, obtained in 2018-2020 are
compiled in table 1. Figure 1 contains our results and those of Arkhipova et al., 2013. During our
observations the scattering of the brightness values is less, and the level of brightness is as a whole higher
than in previous years.

Table 1- B and V magnitudes of IRAS22023+5249

Date of observations JD-2400000 B mag V mag
08.07.2018 58308.39 12.579+0.050 12.374+0.036
16.09.2018 58378.37 12.848+0.060 12.438+0.037
22.09.2019 58749.14 12.576+0.021 12.331+0.006
13.10.2019 58770.18 12.575+0.037 12.330+0.057
09.11.2019 58797.18 12.613+0.013 12.363+0.008
16.11.2019 58804.23 12.673+0.028 12.426+0.058
29.11.2019 58817.12 12.583+0.035 12.334+0.042
30.11.2019 58818.05 12.575+0.030 12.335+0.060
01.12.2019 58819.12 12.583+0.033 12.355+0.062
16.12.2019 58819.21 12.560+0.010 12.358+0.046
18.01.2020 58867.06 12.63+0.016 12.3240.011
19.01.2020 58868.05 12.65+0.016 12.32+0.013
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Figure 1- Light curve of the object IRAS22023+5249 in the V band.

The results of spectral observations are presented in table 3. The absulute fluxes Fabs are expressed in
erg cm"2ek 1 Accuracy of the EW values is about 10%. Variability of the fluxes is notable in figure 2.
There are added data from Arkhipova et al., (2013) in the figure. It is seen, that Fabs(Ha) increased by
40% in comparing with the data, obtained in 2011 - 2013. Besides that the fluxes of the Hel and [NII]
emission lines also increased. The ratio F(6717)/F(6731) of the [SII] line intensities corresponds to
electron density Ne=3800+800 cm-3.
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Table 2- Fluxes and equivalent widths
ofthe emission lines in the spectrum of IRAS 22023+5249
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22.07.
2018

2.17+
0.20
48
6.23+
0.35
14

05.08.
2018

2.35%
0.22
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6.27+
0.32
23
3.62+
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13
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0.30
29



ISSN 1991-346X Series physico-mathematical. 3. 2020

4.5
u F(hb)

AF(Ha)
0 H(Hb)-Arkhipova
4 iF(Ha)-Arkhipova -

3.5

15

55500 56000 56500 57000 57500 58000 58500 59000
JD-2400000

Figure 2 - Variations of the absolute fluxes in the Ha (squares) and HP (triangles) emission lines.
Empty signs denote data from Arkhipova et al., 2013.

IRAS06053+1837
Our result of B V R observations are compiled in table 3 and in figure 3, where our data are added by
the results from [4].

Table 3 - Photometric data for the object IRAS 06053+1837

Date of
observations JD-2400000 Bmag Vmag Rmag
14.10.2012 56215.150 12.532+0.020 11.876+0.022 11.779+0.020
24.10.2014 56955.192 12.595+0.024 11.934+0.025 11.937+0.018
24.01.2018 58143.225 13.135+0.028 11.837+0.020 11.644+0.019
05.01.2019 58489.163 12.910+0.022 11.894+0.022 11.731+0.020
25.01.2019 58509.130 13.027+0.032 11.995+0.024 11.921+0.022
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Figure 3 - Light curves of the object IRAS06053+1837 in the B and V bands. Our data data are indicated
by squares (B mag) and triangles (VV mag). Results from [4] are indicated by the same, but empty signes
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Table 4 - Absolute fluxes and equivalent widths of the emissions lines in the spectrum of IRAS 06053+1837

Date of JD-2400000 F(HP)*101 EW(HP) F(Ha)*102 EW(Ha)
observations ergs/cmzsec (A) ergs/cmzsec (A)
24.10.2014 56955.20 1.82+0.20 2.0+0.20 2.83+0.20 19.7+1.2
27.10.2016 57689.14 2.36%0.25 16.1+1.4
02.12.2018 58455.10 2.39+0.22 19.4+1.2
04.12.2018 58457.08
05.12.2018 58458.08 1.42+0.16 1.1+0.12
05.01.2019 58489.36 1.50+0.20 1.4+0.12
06.01.2019 58490.36 2.07+0.22 19.9+1.2
20.03.2020 58929.06 2.10+0.25 19.6+1.2

It can be noted that over the past six years the absolute fluxes in the emission lines has decreased by
20 -25%. Itis clear that an additional experimental information for this object is required.

Conclusion. In terms of evolution, the object IRAS 22023+5249 can represent a transitional stage
from the Post-AGB stars to planetary nebulae. A shell consisting of gas and dust has already formed
around the star, and the process of its filling is continued. Irregular variability of brightness is most likely
connected with the change of circumstellar envelope. The low excitaion of gas in the envelope is due to
the quite low temperature of the central source. But observable tendency of gradual increasing of
brightness means that the star becomes hotter. Strengthening of the emission line also confirm this
transformation of the star.

The object IRAS 06053+1837 Has rather poor emission spectrum, without any forbidden lines.
Asymmetrical profile of Ha testifies the presence of stellar wind, due to which the forming of accreation
disk and/or circumstellar envelope is continuing. The evolutionary status of the object is not defined; its
characteristics, are more similar to those ofthe young AeBe Herbig stars.
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EK1 HbICAHHDbIL, IRAS 22023+5249 )X3HE IRAS 06053+1837
CMEKTPANALI )KOHE ®OTOMETPUAJNIBIK 3EPTTEY1

AHHOTaums. MnaHeTapablK TyMaHHbIH naifa 601ybl MeH 3BOOLMACBIHbLIH XXasMbl Keplla 0Cbl 06beKTLLEP
Typasbl >KaHa aknapaTrneH YHeMi >X3He C3TN >KaHapTblibiN  OTblpadbl. [lnaHeTapnblK TymaH 6Gakblnay
pafiMoOTO/IKbIHHAH PEHTreHre fewWHN TONKbIHAAPAbIH KeH AuManasoHbiHAa >KY3ere acblpblnafpbl. [naHeTapnbiK
TYMaHHbIH Te3 9BOMIOUMANBLIK NpeflecTBEHHUKTePi Macenea e3ekn 6onbin kKana 6Gep. KenTereH Be
XYNabl34apblHbIH XXYAbI3 aTMocdepacbiHaH Te3 aliHanyblHbIH apKacbiHAa naiiga 6onTaH. XKapTbiiai noHganraH ras
HI, [Ol], Fel, [Fell] amuccusanbIK cbi3bIKTapbIH LWbirapaabl, 6ackalla aiTkaHga, TEMeH K03y njlaHeTap/biK TyMaHablK
CNeKTpLUe yKcac CreKkTpre

CoHrbl Xbingapbl IRAS KaTanorbiHAa niaHeTapsibiK TYMaHHbIH 3BONMIOUMANBLIK MPeKypcopnapbl MapTebeciue
YMiTKepriep aHbiKTangbl. Onapfa nnaHetapnblK TyMaHra T3H MH(PaKbI3bLl TYC WHAMKaTOpnapbl 6ap XaHe 6yn
enwem onapdbl 6acka TUNTen O6GBLEKTLUEPAEH axblpaTy YW KongaHblnagbl. IRAS KaTanorbiHgarbl KenTereH
HbicaHAapda Ko3y as. 3aeTTe MyHfal o06bekTwep 6e/CeHALWKTL, XorapbliaybiMeH cunatTanagbl, onap
(POTOMETPUANBIK X3IHE CMEKTPJIK e3reprniu™K TYpPiHAe KepLuenr

Byn makanaga ek 06beKnL 3epTTey HaTMKenepi kapacTblpbiiirad: IRAS 22023 + 5249, IRAS 06053 + 1837.

HbicaH IRAS 22023 + 5249 = LS Il + 52°54 = GGR 44 = TYC 3969-2206-1 6actankblia 3aMUCCUANBIK
CbI3bIKTapbl 6ap Xynabl3gap KatanorbiHa eHrisinreH. VHgpakbi3bin 6akblnaynap LWaHHbIH 60MybIH aHbIKTagbl.
YKorapbl aXblpaTbIMAbUIbIKTArbl CEKTP/K 6aKblnaynap 06beKTiHIH FeNMOLEHTPAIK Xbl1gaMabIrbl XKOrapbl eKeHiH
KepceTTi, an XynabI3gblH TUiMAi TemnepaTypacbl 24000K Kypaiigbl.
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IRAS 22023+5249 HbicaHbIHbLY, 2017-2020 OK. opbliHganraH B V doToMeTpusicbl caikecwwe B >K3He
V xonakTapbiHia wamMameH 0m25 >x3He 0 m10 ™ \abI3ablK WaMa UCrepcusicbiH KepceTTi. HbicaHHbIH cniera”Hie
Wp, Ha, [NII], 6548, 6583A, [SII], 6717, 6731A >3He Hel, 6678 A 3MWUCCUOHABIK CbI3bIKTapAblH abconwTn
arblHAapbl MeH 3KBUBAJIEHTTIK eHi aHbIKTaN4bl, COHbIMEH KaTap onapfbiH 6ipTiHgen KYweti npkeng”™ COHbIMEH,
coHrbl 10 Xbin ww e Ha xaHe [NII] cayneneHy cbisblkTapbiHgarbl cayneneHy 1,5 ece ecti. [SII], 6717, 6731A
CbI3bIKTaPbIHbIH KaTblHaCblHAH aHbIKTa/IraH rasfblH 3/1eKTPOHAbI Thirbi3gbirbl Ne = 3800 + 800 cM-3 Kpaiigbl.
OpTasiblK XMNAbI3 TeMMepaTypacbiHbIH apTybl HbICAHHbIH 6aKbl/laHbIN OTbIPbUIraH K¥ObIbICTapbiHa XayanTbl
cewwnar

XKannbl aiTkaHga IRAS 22023+5249 HbICaHbIHbIH CMEKTPasifbl XX3He (DOTOMepUANbIK cunaTTamanapbl e3Luiy
XarpgavibiHa, ArHN TeMeHTi Ko3yfarbl niaHeTap/biK T MaHAbIKKa caid.

HbicaH IRAS 06053 + 1837 = LkHa 209 kenTereH 6akblfiay 6arfjapiamanapblHbIH KaTbICyLUbICbl 60/14bl. OHbIH
XiKTenyi apganibim e3repin oTbipabl: K KnacbiHAarbl X~napl3gaH NpoTonsaHeTapablK TAMaHra feiiH. XXannbl, 670
00beKT Typasibl aknapaT aiTap/biKTai LekTeyni. 3ae6uette 1986 - 1995 >xbingapbl anbiHFaH (POTOMETPUSASIbIK
ManimeTTep bap.

IRAS 06053+1837 aTTbl HbicaHra 6akbinay ManimeTTepi 2012 -2019x0K. anbiHAbl. CaiiKeciHLle, 6”1 HbicaHa B
V R wamanapbl M3HAEPIHIH aiTap/bIiKTai Y/IKeH wwallblibiMbl 6aikanagbl: 0m50, 0m15, 0m30 crnekTpae CYTeKTiH
3MUCCUANBIK CbI3bIKTapbl raHa 6ap. CbI3bIKTapAblH acCUCUMETPUANBLIK NPOMUIbAEPI KbiCKa TONKbIHABLIK LleKapaja
KeH KaHaTKa ve. HbiCaHHbIH 3BoMOLMANbIK MapTebeci 6ennas, esiHiH Xeke cunaTTamapbiHa opaii Xepourtw, AeBe
TUNTI Xac X \nabl3gapra Keac.

TYWiH ce3gep: SMUCCUANBIK HbICAHAAP, 3MUCCUAMBIK Chbi3bIKTap, B V wamanap, »eke HbicaHgap: IRAS
22023+5249, IRAS 06053+1837.

J1.H. KoHgpaTtbeBa, 3.K. leHucwok, N.B. Pesa, M.A. Kpyros,
I.K. AlimaHoBa, 6.K. Omap, b. A. ¥YpmaweB, A.T. Maiinbibaes

AcTpousnyecknii MHCTUTYT B.I". deceHkoBa, AnmaTbl, KasaxcTaH

CMEKTPAJIbHBIE N POTOMETPUYECKWNE NCCNTEOOBAHNA
OBYX OBBEKTOB IRAS 22023+5249 N IRAS 06053+1837

AHHOTauma. O6wan KapTvHa MPOUCXOXAEHUS W 3BOMOUMM NNaHeTapHbIX TYMaHHOCTe MOCTOSHHO W
YCMELHO TMOMOJIHAETCA HOBOW WHGopMaumein 06 3Tux o06bekTax. HabnwogeHWs nnaHeTapHbIX TyMaHHOCTEN
NPoBOAATCA B LUMPOKOM AuanasoHe AAMH  BOMH 0T paguofuanasoHa [0 peHTreHosckoro. [pobnema
HernoCcpeACTBEHHbIX  3BO/IIOUMOHHbBIX  MPeALIeCTBEHHWKOB  NaHeTapHbIX TyMaHHOCTel  COXpaHseT  CBOH
aKTyallbHOCTb. W3BECTHO, 4TO MHOrve 3Be3fbl knacca Be o06nagaloT 0K0/103Be34HOM 060/104KOW, KoTOpas
cchopMmupoBanacb u3 aTmoctepbl 3Be3fibl, 6narogaps ee 6bICTPOMY BpauleHuo. OKO0M03Be3fHble 060/104KMU,
YaCTUYHO MOHW30BaHHbIe, U3Ny4yalT aMUcCUoHHbIe nuHun HI, [Ol], Fel, [Fell], nHbIMM cnoBamMu, UMeKOT CMEKTP,
Nofo6HbIV CNEKTPY MiaHeTapHbIX TYMaHHOCTEe HM3KOro BO36YXXAeHWs. B nocnefHue rofbl KaHAMAATbl Ha CTaTyC
3BOJIIOLMOHHbBIX MpPefLIeCTBEHHUKOB M/aHeTapHbIX TYMaHHOCTe BbisiBNieHbl B Katasiore IRAS. OHM umeloT
WH(paKpacHble MokasaTenn UBeTa, TWUMUYHbIE [N MAHETapHbIX TYMAHHOCTEN, W MMEHHO 3TOT KpuTepwuii
NCNO/b3YeTCA ANA TOro, YTo6bl OT/IMUNTL X OT 0OBLEKTOB APYruX TUNoB. MHorue 06bekTbl M3 KaTtanora IRAS yxe
MUMeKT CNeKTPpbl HW3KOr0 BO30OYXAeHUs. Kak npaBwio, nNoAobHble 06bEKTbl OTINYAOTCA MOBbILLIEHHON
aKTUBHOCTbIO, KOTOpas NposiBAseTCA B BUAe (GOTOMETPMUYECKONW M CMEKTPasibHOM NepeMeHHOCTH.

B paHHOW cTaTbe 06CYyXXAalTCs pe3ynbTaTbl UcCnefoBaHMs ABYX 00bekToB: IRAS 22023+5249, IRAS
06053+1837

O6bekT IRAS 22023+5249=LS 111452 54=GGR 44=TYC 3969-2206-1 nepBOHaya/lbHO BXOAW/ B KaTasor
3B€34 C 3MUCCUOHHBbIMU NUHUAMU. VH(pakpacHble HabnogeHUs BbISBUAN MPUCYTCTBME MblanM. CheKTpasbHble
HabNoeHNA C BbICOKMM paspeLleHnem Mnokasann, YTo 06beKT MMEET BbICOKYHO refIMOLEeHTPUYECKYIO CKOPOCTb, U
ahpeKTUBHAA TemnepaTypa 3Be3abl cocTaBnseT 24000K.

Hawwun ¢oTomeTpuyeckmne HabnwofeHUsA, nposefeHHble B 2017 - 2020 rr., nokasajn BbICOKYI AUCMEPCUIO
3Be34HbIX BennumH rnopsgka 0m25 v 0 ml1l0, B B n V nonocax, COOTBETCTBEHHO. Bonee Toro, Habnwopgaetcs
TEHAEHUMA TMOCTENEHHOro YycuneHnss 6necka. B cnekTpe o06bekTa onpegeneHbl abCcoNOTHble MOTOKU U
9KBUBAIEHTHbIE LUMPVHBLI 3MUCCUOHHBbIX nnHMA HP, Ha, [NII], 6548, 6583A, [SI1],6717, 6731A and Hel, 6678A.
OTMmeyaeTcst NOCTeNeHHOe ycuieHne abContoTHbIX NOTOKOB, 0CO6EHHO 3aMeTHOE B «KPAcHOM» AManas3oHe CrekTpa.
Tak, 3a nocnefHue 10 neT mM3nyyvyeHWe B IMUCCUOHHBLIX NUHUAX Ha u [NII] yBennumnocb B 1.5 pasa. SneKTPOHHas
NJ0THOCTb rasa, OfpeAesieHHast Mo OTHOLWEHU nHWiA [S11],6717, 6731A, cocTaBnseT Ne=3800+800cm-3.
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Hab6nogaemble n3meHeHnss obbekTa IRAS 22023+5249 MOXHO 06BbACHWTH MOBbILUEHNEM 3(PHEKTUBHON
TemnepaTypbl LeHTpanbHOM 3Be3gbl. B Lenom cnekTpanbHble M (POTOMETPUYECKME XapaKTepUCTUKX AaHHOro
06beKTa COOTBETCTBYIOT €r0 CTaTycy - NaaHeTapHOM TYMaHHOCTM HU3KOI0 BO36YXXAeHWS.

O6bekT IRAS 06053+1837 = LkHa 209 6bin y4yacTHUKOM MHOrMX HabnogaTesbHbIX nporpamm. Ero
Knaccugmkaumsa BCe BpPemMsi MeHsachb: OT 3Be3fbl Knacca K o npoTonsaHeTapHoi TymaHHOCTM. B uenom
Hpopmauma 06 3ToM 06bekTe [JOBO/IbHO OrpaHu4veHHas. B nnTepaType ecTb (hOTOMETPUYECKUE [AaHHbIeE,
nony4veHHble B 1986-1995 rr.

Hawwn HabnogeHns obbekta IRAS 06053+1837 BbinonHsanuce B 2012-2020 rr. ®OTOMETPUYECKUE AaHHbIe
nokasanu, 4to 651eck 06beKTa J0/IT0e BPEMS HaxXOAMTCA Ha OJHOM YPOBHe, HO AMCNEpPCMs 3HAYeHWUI [OCTaTOYHO
Bennka: 0m50, 0Om15 n 0 m30, B B V R nosocax, cooTBeTCTBEHHO. B 2019r HameTunocb HebonbLLOe ocnabneHune
6necka, ocobeHHO 3ameTHoe B rosnoce B. B criekTpe IRAS 06053+1837 npucyTCTBYOT TONIbKO 3MUCCUOHHbIE SIMHUN
Bogopoda. AcCMMeTpUYHble NPOPUAN NVHWI WMMEKT LUIMPOKME KpPblbs HAa KOPOTKOBO/IHOBOW rpaHuue, 4To
CBMAETENIbCTBYET O Ha/MuMW 3Be3LHOr0 BeTpa. OBOJIIOLMOHHBIA CTaTyC 06bekTa He OMpeAeneH, MO CBOWM
XapaKTepuUCcTKam OH MOX0X Ha Mosiofble 3Be3fbl Tuna AeBe Xepbura.

KnioueBble CnoBa: 3MUCCUMOHHblE OOBLEKTbI, 3IMUCCUOHHbIE NUHUW, B V BeNNYMHbI, WHAMBUAYaSIbHbIE
06bekTbl: IRAS 22023+5249, IRAS 06053+1837.
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