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NEW RESULTS OF STUDY OF THE PLANETARY NEBULA M1-77

Abstract. The object M1-77 is known as the young low excitation planetary nebula. The variability of the
brightness and the radial velocities of the metal lines lead some authors to the idea of the binary nature of the central
star in the object. In this paper, the new photometric and spectral results obtained for the object M1-77 in 2009 —
2017, are discussed. Irregular variations of brightness in B, V, and R filters with an amplitude of ~ 0™.4 were
detected. During our observations, the absolute fluxes in the emission lines Ha, [NII] and [SII] increased
approximately as a factor 20. Significant changes of the fluxes began in 2011. Simultaneously, an increase of the
electron density of the gas in the nebula was recorded. It can be assumed that the reason of the observed events is the
reset of an additional mass of gas that has entered the nebula.

Key words: planetary nebulae, emission lines; individual: M1-77.

Introduction. The young planetary nebula M1-77 with the coordinates a(2000.0) = 21" 19™, §(2000.0)
=+ 46° 19" was discovered in 1946 [1]. Different estimations for the distance were obtained: 2.4, 2.5 and
2.83 kpc [2, 3, 4]. It is assumed that the central star has the low effective temperature ~ 20000K. The
diameter of the nebula is ~ 7" [2, 5]. Photometric observations [6] revealed rapid changes in the brightness
of the object within the range 0™.1 - 0™.2.

In the spectrum, the emission lines HI, [NII] [SII] are observed on the background of a strong
continuum. The relative intensities of the emission lines are presented in [5]. Absolute fluxes are given in
[7]. According to [5], the radial velocity, measured from the emission lines Ha and [NII], equals to -84 £
3 km/s. Rapid, within a few hours, changes in radial velocity were detected by De Marko [8]. One
possible explanation is the binary nature of the central star in the object M1-77 [9].

Observations and processing In Fesenkov Astrophysical Institute the spectral observations of the M1-
77 object are mainly performed on the telescope AZT-8 (70cm). CCD camera SBIG STT-3200
(2184x1472, 6.8) is used as radiation receiver at the output of the spectrograph. The available spectral
range for observations is ~ 3500 A (4000 - 7500 A A).

Additional spectral observations were made on a l-meter telescope installed at the Tien-Shan
Observatory. The telescope is equipped with a new diffraction spectrograph. At the output of the
spectrograph there is a CCD camera SBIG Atik-16200 (4500x3600, 6p). It has an increased sensitivity in
the ultraviolet and, in principle, makes it possible to obtain spectrograms in the range from 3600 A to
7500 A. During observations, the spectrograms of the studied object are obtained with a narrow (2 "- 3")
and with a wide (7 "- 10") entrance slit. Observations of a standard star with a known energy distribution
are performed with a wide slit, which ensures the passage and recording of the full entire radiation flux.
Standard processing of the files consists of subtracting the dark background, taking into account the flat
field and the atmospheric absorption. The spectral sensitivity of the apparatus is determined by comparing
the observed energy distribution in the spectrum of the standard with the data of the Catalog. After taking
into account all the corrections, the values of the radiation fluxes in absolute energy units are determined.
Spectrograms obtained with a narrow slit and with a resolution of 0.25 - 0.5 A are used to study the
structure of emission lines.
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For the photometric observations of the object, the telescope AZT-8 and the 1-meter telescope (Assy-
Turgen Observatory) were used. A set of B V R filters and the following CCD cameras are used: SBIG
ST-8 (1530x1020, 9u) (AZT-8) and SBIG ST-7 (756x510, 9u) (1 meter telescope Assy-Turgen).

The procedure for initial image processing consists of standard operations using Bias, Dark and Flat
files. Image measurements are performed using the MaximDI-6 standard software package. The
calculation of atmospheric extinction and reduction of the obtained estimates of magnitudes to the
standard system B V R is carried out using a system of corresponding equations.

Results The results of photometric observations are given in Table 1. Columns 3 -5 give values of B
V R values for M1-77. Columns 6-8 contain similar data for a check star. The amplitudes of the
brightness variability of the object M1-77 equal to 0™.4, 0™.3 and 0™.3, in the BVR filters, respectively,
while the changes of the brightness of the check star in the same filters are, respectively, 0™.14, 0™. 02 and
0™.07 (Fig. 1).

Table 1 — Results of photometric observations of M1-77

Dates of 1D- M1-77 TYC 33589
observa-
tions 2400000 B Vv R B A\ R
1 2 3 4 5 6 7 8
09.08.2007 | 54322.324 | 12.94+0.01 12.15+0.01 11.29+0.01 11.44+0.01 10.95+0.01
21.06.2012 | 56100.374 | 12.65+0.05 | 11.83+0.01 11.17+0.03 | 11.30£0.05 | 10.94%0.01 10.57+0.01
01.10.2013 | 56567.155 | 12.86+0.03 | 12.15+0.03 | 11.34+0.03 | 11.43+0.03 | 10.96+0.03 | 10.57+0.02
03.10.2013 | 56569.153 | 12.84+0.03 | 12.11£0.02 | 11.34+0.01 11.44+0.02 | 10.96+0.01 10.55+0.03
31.07.2014 | 56870.390 | 13.06+0.04 | 12.18+0.02 | 11.43+0.01 11.43+0.01 10.94+0.02 | 10.50+0.01
01.09.2014 | 56902.217 | 12.96+0.04 | 12.24+0.02 | 11.49+0.01 11.44+0.01 10.95+0.02 | 10.53+0.01
13.07.2015 | 57217.134 | 12.91+£0.03 | 12.23+0.02 | 11.38+0.01 11.43+0.02 | 10.96+0.02 | 10.55+0.01
13.07.2016 | 57951.160 | 12.93+0.04 | 11.38+0.01 11.42+0.01 11.44+0.01 10.95+0.01 10.55+0.01
10.5
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Fig 1 - B V R magnitudes of the object M1-77 and a check star

In the spectrum of M1-77, the radiation fluxes in the lines HB, Ho, [NII], 6548, 6583 A and [SI1],
6717, 6731A were measured. The results are presented in Table 2. In the second row, power multipliers
for fluxes are given. The accuracy of the values is ~ 10 - 15%. In the last column of the Table 2 , the
electron density estimates obtained from the ratio of the intensities of the emission lines [SII], 6717,
6731A are given.
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Table 2 — Absolute fluxes of the emission lines in the spectrum of M1-77

Tlata JD-2400000 Hp [NIIL65 | Ha [NII], [SII], [, e
48 6583 6717 6731 .

K 107 107 107 107 107 107 o
21.07.1976 42951338 1.20 031 0334 0.98
09.08.1991 48447333 2.06 0.85 0.645 248 027 0.29 1000900
18.09.2004 53253.042 443
11.10.2004 53290.175 1.29 2.26 4.82 036 0.43 1200700
09.08.2007 54322302 544
12.08.2007 54325318 6.09
13.08.2007 54326300 423 382 12.1 0.44 0.50 1300700
10.10.2007 54384.146 538 4.41 430 12.4 0.49 0.52 1200700
15.10.2007 54389.087 597
19.07.2010 55397342 7.15 6.64 591 213
07.07.2011 55750424 7.08 591 22 132
27.07.2011 55770307 7.10 593 22.0
03.08.2011 55777.345 7.09 6.00 22.1 0.83 134 4700=1500
06.08.2011 55780327 7.45
01.09.2011 55806.225 811
02.09.2011 55807.186 8.25 7.05 5.96 223 0.76 130 4800=1500
21.06.2012 56099.402 6.80 6.02 19.6 0.79 113 4800=1500
31.07.2014 56870.310 8.55
17.08.2015 57252301 587 508 187 0.82 123 4600+1500
09.06.2016 57914375 10.6 6.28 6.63 205 0.79 134 4800+1500
16.09.2017 58013.135 4.99 485 155 0.59 0.87 4500=1500

During our observations, significant changes in all emission lines were registered. The radiation flux
in the HP line increased by a factor of 10, the fluxes of the Ha and [NII] lines were increased
approximately as a factor of 20 (Fig. 2). The maximum emission in the lines of the "red" spectral region
was observed in 2010 -2011. In this period, an increase of the electron density of the gas is also noted. A
high level of values of these parameters is preserved to the present.

The behavior of the Hp line is somewhat different from the one described above, it’s flux increasing
continued until 2016. This is due to a change, in this case - a decrease, in the absorption coefficient.

8.E-12
¢ F(HB)
8 F(Ha)
l_ta LIl | |
w [ ]
B.E-12 B
]
n
4E12 ]
n
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b ¢
: . ° ¢
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[ara (B roaax)
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Figure 2 - Changes of the emission lines Hp and Ha fluxes in different years

Conclusion In the course of our research, we obtained data on the photometric reason of variability.
If the central source is a binary system, then the interaction between the stellar components (unstable

stellar wind), can also affect the brightness changes.

The spectral variability is manifested in the change of radiation fluxes in all emission lines. Most
likely, this is due to the release of an additional mass of gas, replenished the nebula. This is evidenced by
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the observed increase in the electron density of the gas. Such event - the reset of the secondary shell is not
unique, but rather rare in the evolution of planetary nebulae.

The work was supported by the funding program BR05236322 of the Ministry of Education and
Science of the Republic of Kazakhstan.
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YK 524.386
MPHTH 41.25.15
JI.H. KonapatbeBa, ®.K. Pricnaes, J.K. /lenncrok, M.A.Kpyros

«B.I'.®ecenxoB ateiHaarsl Actpodusuka nuactuTyTeDy EXIIC, Anmarer, Kazakcran
M1-77 INIAHETAPJIBIK TYMAHJBIKTBIH ZKAHA HOTHXEJEPI

AnHoTamms. M1-77 oObekrici aca GenceH/i eMec xKac IIaHeTapIIblK TYMaHbIK peTinae Oenrini. Byt 00bekTiHiH opTabIK
KYJIIBI3bIHBIH TAOUFATHIHBIH KacueTTepiHe OailIaHbICThl, SFHH METANIBIK CBHI3BIKTAPIBIH COYJENIK JKbULLAMIBIFBl JKOHE
JKapKbIpaybIHBIH alHBIMAIBLIBIFEL, OHBIH KOC 00BEKTI OOITyBI BIKTHMAI JIETeH WACSHBI KeiiOip aBTOpnap kentipeai. by sxymeicta,
2009-2017 >xpmpap apansiFbiHAaFrel M1-77 oObekTici ymIiH jkaHa (QOTOMETPIIK KOHE CIEKTPIiK MOJIIMETTep AJbIHFaH.
Ammmarynacsr ~0™.4 SKyInpBABK mamanarsl B, V skoHe R dmisTpnapbiHna kapkeipay TepOemiciHiH OipKalbIICHI3IbIFGI
tabsu1aBl. bi3 6akputay sxyprisren yaksirra Ho, [NII] xxone [SII] SMUCCHSNBIK CHI3BIKTAPBIHAA CAyJIeTIEeHYIHIH aOCOIIOTTIK aFbIHBI
nramMamer 20 ecere apTThl. ArbiHHBIH e3repici 2011 xburgan 6actanabl. COHBIMEH KaTap, Oip yakpITTa KaOBIKIIAIaFbl Ta3bIH
ANIEKTPIIK THIFBI3ABIFBIHBIH APTKAHABIFBI TIpKeAi. ByaaH IIBIFaThIH TYXKBIPBIM, OaKbIIaHFAH KYObLIbICTapFa ce0en, TYMaH IbIKTa
apTKaH KOCBIMIIIA Ta3 MacCAChIHBIH IIBIFAPBITYHI JET OomKayFa 6oasl.

Tyiiin ce3ep: mIaHeTapIIbIK TYMaHIBIKTaP, IMUCCHSIIBIK ChI3BIKTAP; HOHBIK ChI3BIKTAp, jKeKe o0bekTinep: M1-77.

YK 524.386
MPHTHU 41.25.15
JI.H. KonapatbeBa, ®@.K. Pcnaes, J.K. /lenuciokx, M.A. Kpyros

Actpodusnueckuit UnctutyT nm Decenkora, Anmarsl, Kazaxcran
HOBBIE PE3YJIbTATBI UCCJIEJJOBAHUSA INIAHETAPHOI TYMAHHOCTH M1-77

AnHoTammsa. O0bexT M1-77 u3BecTeH Kak Monojas IUIaHeTapHas TYMaHHOCTh HH3KOro Bo3OykaeHus. IlepemeHHOCTH
OJlecKka M JIy4eBBIX CKOPOCTEH METaJUIMYECKUX JIMHUI NPUBOAUT HEKOTOPHIX aBTOPOB K HIee O IBONMCTBEHHOH NpHpone
HEHTPAIbHON 3Be3ABI B 3TOM 00BekTe. B maHHOI paboTe mpuBOAATCS HOBBIE ()OTOMETPHUUYECKHE M CHEKTpaNbHBIC JAHHEIE,
noiy4eHHsle 11 o0sekra M1-77 B 2009 - 2017 rr. OOHapyKeHbI HEperyJsipHbIe KonebaHusa Onecka B B, V u R ¢punpTpax ¢
ammatynoi ~0™.4. 3a BpeMs HAIMX HaOIIOIEHHUH abCOMIOTHBIE TIOTOKH M3IydYeHUs B OMUCCHOHHBIX uausax Ho, [NII] u [SII]
yBenuumuch TnpuMmepHo B 20 pa3. CymiecTBeHHBIE W3MEHEHHUs IIOTOKOB Hadaimuch B 2011r. OnHOBpeMeHHO ObBLIO
3apEeruCTPUPOBAHO IIOBBINICHHE O3JIEKTPOHHOH IUIOTHOCTH Ta3a B 00Ono4YKe. MOXHO NPENIIoN0XUTh, YTO IPUYUHOU
Ha0JII01aeMBIX COOBITHH SIBJISETCS BEIOPOC TOMONHUTEILHONW MacChl Ta3a, IOMOJHUBILEH TyMaHHOCTb.

KiroueBble c10Ba: miiaHeTapHble TYMAHHOCTH, SMHCCHOHHbIE JIMHUH; HOHHBIE TMHUN; MHIUBUIyalbHbIE 00BbEKThI: M1-77.
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