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ABSTRACT. In this work, for planetary nebulae iC
1295, IC 4191, Zanstra temperatures were calculated
using the Hpg line of the central stars. Respectively, the
temperatures 64252 K and 47663 K were determined. The
flux in the Hg radiative line used in the calculations, has
been determined from the spectra retrieved from the
archive of the European Southern Observatory. Our
results have been compared with results of the other
authors.
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AHOTALIA. B paniit poboTi MH mocmigwinu IBi
wraneTapHi TyMaHocTi 1IC 12951 IC 41916 Ta BU3HaumIn
TEMIIEpaTypu CEpeloBHIAa 33 JOINOMOTOI0  METoja
3anctpa. Jlinist Hbeta, sika Hane:KUTh HEHTPAILHUM 30PsSIM
LUX TYMaHOCTeH, Oyiia BUKOpHCTaHa Juis Hi€ei mini. Meron
3aHcTpa MOXe OyTH 3aCTOCOBaHHMH TUNBKU y pasi, KOJH
CepelloBUIllE TYMaHOCTI € ONTHYHO TOBCTUM B
JaliMaHiBCbKOMY KOHTHHYyMi. Bci aromu [imporeny
BBa)KAIOThCSl TAKMMH, 110 NIepe0yBaOTh B HE30YIIKEHOMY
crani. Temmneparypa 30pi Moke OyTH BH3HA4YEHA LUITXOM
MOPIBHSHHA 4YMCJIa KBAaHTIB JO YHCJIa KBaHTIB, IO
BHIIPOMIHIOIOTEC Yy BHAWUMIH dYacTWHI cHekTpa. Mu
BU3HAYMIM €(EeKTHUBHI TeMIepaTypu LEHTPaJbHUX 3ip
TymMaHcTel, sk 64252 K ta 47663 K.

KoarouoBi cioBa: rmiaHerapHi TYMaHHOCTI, IEHTpalbHi
30pi, TemIeparypa.

1. Introduction

Planetary nebulae (PN) are an advanced stage of the
stellar evolution of the low and intermediate mass stars.
Central stars of PN (CSPN) are difficult to study because of
their faintness in the visible spectral region and
contamination of their spectra by the nebular emission.
CSPN undergo considerable changes in temperature over
their short lifetimes. Therefore, the temperatures of the
central stars of planetary nebulae are considered an
important quantity that directly characterizes their
evolution. The Zanstra method is the most widely used
method of the temperature determination methods. The
Zanstra method can be applied for determining the

temperature of CSPN if two quantities are known: first, the
flux in the stellar continuum (or the stellar magnitudes);
second, the amount of ionizing photons (1 < 9124), as
deduced from the total nebular flux at Hg. The ratio of the
stellar to nebula fluxes at Hg is equivalent to the
temperature of a blackbody between the UV and the visual
range, if the nebula is optically thick regarding to the
hydrogen ionizing radiations. Considering these two points,
in this work for planetary nebulae 1C 1295 and IC 4191 the
Hg flux was used to determine temperatures of the central
stars. For this we used Zanstra method. We discuss our
results and compare our values to the temperatures obtained
by other authors (Montez et al., 2015; Phillips, 2003) using
different methods.

2. Determination of the Zanstra temperature

The Zanstra method can only be applied to nebulae that
are optically thick in L. At this time, it is assumed that the
star radiates as a black body. All neutral hydrogen atoms
are assumed to be in unexcited condition (Kostyakova,
1982). Thus, each L. quantum emitted by the nucleus in the
Lyman series limit of hydrogen being swallowed up in the
nebula, produces one L, quantum and one Balmer series
quantum. In optically thick nebulae all L. quanta radiated
by the star absorbed by the nebula. In a unit time interval,
the number of Balmer quanta emitted by the nebula
determines the number of quanta emitted by the star in the
ultraviolet region. The temperature of the star can be
determined by comparing the number of quanta with
number of quanta emitted in the visible region of the
spectrum (Pottasch, 1987). If we assume that a star with
radius R, and temperature T radiates as a black body, one
can define the luminosity within frequency interval:

L,=4m?R2B(T) . (1)

Here, B, is the Planck function. Thus,

L=["Ldv=

v>v,, the number of stellar quanta will be:



Odessa Astronomical Publications, vol. 36 (2023)

Table 1:
PN W (A) | F(H.) F(Hg) F(Hg) V. |E(B-V) | F(Hp) Referens
X107 | x 1011 /Fa x 10711

ic1295 | 474 0.166 0.39 6586 16.82 | 0.32 5,8,9

IC4191 | 500 3.3 16.5 2471 1161 | 048 1.02 5,6,8,9
Hg inunits erg-cm™2s™".
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By subtracting Rs from formulas (2) and (3) we obtain:

156;(T)L
Q; = n;kT 5)

When the nebula is optically thick in the Layman's
continuum, the star's hydrogen-ionizing quanta will be
absorbed by the nebula. The observed F(Hg) radiation
flux of the nebula will be as follows:

4nd*F(Hp) = h(Hp) [ nen(H ) a(Hg)dv [erg/s]
(6)

Here, the frequency of the 1{Hz)- H line is the effective
recombination coefficient related to the generation of
a(Hp)- Hg quanta. Considering the (L, = 4md?F,), (5)
and (6) in L/L, expression (L, is the luminosity of the
Sun) of luminosity in terms of the star's radiation flux E,,
we get the following expression:

F(Hp) _ 15h(Hg) Loa(Hg)T3G,(T)

= ()

F, 4mSk R2TgapB,

It is convenient to use the visual region of the spectrum
to solve this equation. It can be neglected because the ratio
very weakly depends on T,-, and for calculation one can
use T, = 10*K. Instead of F,[erg:cm™2s 1Hz™'] it is
useful to express F(Hg) is [erg-cm™s™] ,  Fypis)—
m,, the radiation flux in the visible region of the spectrum
is determined by the size of the visible star:

Fy=368-10°-10 /25 [erg/(cm?-s-A)]

(8)

After taking this into account, an expression (7) takes the
following form:

Temperatures along the HI line of the central stars of
planetary nebulae IC 1295 and IC 4191 were calculated
from the last equation. In calculations Fj ;) Vs F(Hg),
an absorption in the interstellar medium was taken into
account. IC 1295 and IC 4191 spectra of planetary
nebulae gained in 2016, were retrieved from the European
Southern Observatory's archive and processed using the
DECH30 program (Galazutdinov, 1992). Obtained results
are given in the Table 1. In the 3rd column of the Tablel,
the flux in the continuum is given, and in the 8th column
the flux obtained by other authors is shown.

In the 2nd column of the Table 2, Zanstra temperature
calculated by us using the line HI is given, while in the
3d column of the Table 2 Zanstra temperature calculated

using the line Hell by other authors is given.

Table 2:
PN Tz(HI) | T(Hell) | Reference
IC 1295 | 64252 98000 1
IC 4191 | 47663 107200 2
3. Conclusion

Obtained results on F(Hg)/F, ratio as a function of
the star's effective temperature exactly coincides with the
known graphic dependence from literature. It is also
consistent with the results obtained from the atmosphere
model provided by Hammer and Mihalas (He/H=0.16)
(Phillips, 2003). This shows the accuracy of the spectrum
processing results. Since Zanstra method assumes that the
nebula is optically thick in the Lyman continuum, and
since PN change from optically thick to optically thin in H
and He at different times, this can lead to the different
estimates of the central star temperature by using either H
or He lines. The fact that stellar atmosphere are not well
approximated by the blackbody can also contribute to an
errors in the Zanstra temperatures (Kwok, 2000).
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