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L. LUUD

ON THE LÜMINOSITY, EFFECTIVE TEMPERATURE
AND RADIUS OF P CYGNI

(Presented by G. Kuzmin)

For the further modelling of P Cygnfs envelope and to specify our
knowledge of P Cygni’s physics and evolutionary stage, we must know
the star’s fundamental physical parameters. Below we shall discuss the
luminosity, effective temperature and radius of the star, taking into
account the observational data about the far ultraviolet, optical, infrared
and radio fluxes.
1. Interstellar reddening, distance and absolute visual magnitude. Inter-
stellar reddening, distance and absolute magnitude have previously been
discussed by H. Van Schewick [*]. From the analysis of proper motions
in the galactic cluster IC 4996 and the association Syg 081 it follows
that P Cygni must be a member of the association. Therefore, we can
use the mean association values V— Mb = 13.00, E{B V)=0.62,
Л„=1 Ш .86 and d— 1700 pc in the analysis of P Cygni characteristics.

These results are in qualitative accordance with E{B — F)=0.56. This
value can be obtained from the analysis of the data on P Cygni’s neigh-
bouring stars [2 ],

Our results may be challenged, ' however, taking into account the
intensities of the interstellar absorption features. V. A. Ambartsumian
et ai. [ 3 ] have used the values of the intensities of the wings in the
interstellar La line and found that E{B —V) = They con-
cluded that in the spectrum of P Cygni the intensities of interstellar
bands at Я 4430 and Я 5780 lead to E{B F)=0.30. They also affirmed
that around P Cygni no stars with anomalously weak bands of inter-
stellar absorption had been observed. Finally, they accepted E(В V) =

= 0.35. Estimating the probable distance between 0.6 and 1.8 kpc, they
found that the absolute visual magnitude values are —7,™6>M v '> —s.m2.

We shall discuss this problem in greater detail to find more plausible
values of E(В F) ete.

Observational data on the far ultraviolet spectral region obtained from
the satellites enable us to determine the colour-excess on the basis of
the equivalent width of ultraviolet interstellar absorption bänd 12175.

K. Nandy et ai. [ 4 ] found that the equivalent width of 12175 bänd
which is dependent on the colour-excess is reflected by the following
relation

Using the ultraviolet speetrophotometrie data obtained from the
S2/68 experiment with the TD-1 satellite [5 > 6 ], we have determined the
colour-excesses E{B V) 2175 for a score of normal hot stars withВ {B—V) known from photometrical data, These values proved tobe
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Fig. 1. The correlation between E{B — F) 2 i75 and photornetric E{B —V)

well correlated with each other (Fig, 1). Making use of the relation, we
get E{B V) =0.63+0.08 for P Cygni.

U. Hänni [7 ] has developed a method for the determination of E{B— V)
from the given observational data of X 2175 interstellar absorption bänd,
using the gradual correction of the energy distributions from interstellar
rnutilations until the absorption in the bänd would disappear. Не found
E[B V)=O.Q2 for P Cygni.

Ihus, E{B F )2175 isin accordance with Van Schewick’s photometrical
determinations. We shall adopt the value E {В —F) =0.62+0.05.

The colour-excess may partly be caused by the circumstellar dust.
V. A. Ambartsumian et ai. [ 3 ] have stated that the presence of the
circumstellar dust is impossible in case of P Cygni as, according to the
infrared observations carried out by M. J. Barlow and M. Cohen [ B ],

the whole infrared excess is caused by free-free radiation. The location of
P Cygni on the (Я —K) versus {K —E) diagram (Fig. 2) rules out
all olher mechanisms for infrared excess than that of free-free radiation.
Thus, we affirm that the colour-excess is entirely interstellar. All these
methods are based on the infiuence of the dust on the spectrum. Below
we shall discuss anomalously weak interstellar bands in the spectrum
of P Cygni.

L. M. Hobbs [9 ] has published a well-known investigation of neutral
natrium towards several distant stars. The correlation between the
amounts of interstellar gas and dust is illustrated in Fig. 3. From Fig. 3
one can see that there exists a certain although ill-defined correlation
between the amounts of gas and dust. The location of P Cygni in this
plot shows that the interstellar matter in the direction of this star con-
tains less interstellar gas than could be expected from the colour-excess.

We define

These values <lgV(NaI) E{B V) ) enable us to discuss the ratio

— E(B— m=

* giV(Nal> ES B
lg JV(Nai) E(B— V)
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Fig. 2. The (H —K) versus (K —L) diagram. From the location of P Cygni it follows
that free-free radiation must be the only source of the infrared excess of the star.

Fig. 3. The correlatlon between the amounts of Nai and E(B—V),
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Fig. 4. The three areasin the sky where neighbouring stars have different values of
<lg iV(Na I) E{B —F)>. О stars witih E(B —F) 0.2 and ф stars with

E{B V) >0.2.

Fig. 5. The location of the stars with known A c (4430) /Е(В V) in the vicinity of P
Cygni. x- P Cygni, О - Ле(4430)/£(Б- V) <lO, • - 10< Л с (4430)/£(Б -V)< 15

and ■ Лс (4430)/£(o— F)>ls.

of gas and dust in the direction of individual stars within selected areas.
In the direction of P Cygni the gas concentration makes up only one-third
of the mean value. The stars around P Cygni with E{B
normal or nearly normal values, Such areas are notrare in the sky
(Fig. 4). Therefore, the existence of stellar pairs with different ratios of
interstellar gas and dust is rather a common phenomenon, In the direc-
tion of P Cygni an anomalously small amount of Nai has been observed
if compared to the dust partides.

Below we shall discuss the interstellar absorption bänd intensities
according to the catalogue presented by T, P. Snow et ai. [ lo ]. Using
the values of the Central intensities of the interstellar bänd Лс (4430) and
those of the colour-excesses, we can figure out the ЛС {443O)/£'(В V)
characteristics. Fig. 5 represents the part of the sky in the surroundings
of P Cygni where the stars are divided into groups according to the value
of ЛС (4430)/£(Б F). From Fig. 5 it follows that near P Cygni there
exists an area with anomalously weak Я 4430 interstellar features, and а
little further there is an area with strong interstellar Я 4430 bands. In
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the group of stars near P Cygni it is not the star with the smallest
Ac (4430) JE {В —V) (Table 1).

The distribution of neutral interstellar hydrogen has been studied by
R. C. Bohlin et ai. ["]. From Fig. 3in the paper [ n ] we can see that
near P Cygni there do exist stars in the direction of which a compara-
tively small amount of neutral hydrogen has been measured.

We can make a conclusion that the weakness of the interstellar fea-
tures which shows the influence of the interstellar gas in the direction
of P Cygni must rather be taken for a not very strong anomaly of
interstellar matter cornposition than a sign of proximity.

If we take E{B M v = 13.00
t l ], we shall get V<q M v =\\AA. Thus, F=4.82 [ l2 ] yields to V 0 = 2.96,
d== 1700 pc and Mv'=—8 m.lB.
2. Direcl determination of P Cygnis luminosity. The luminosity of the
star is given by the following formula

where FE ,x is observed as free from the interstellar absorption mono-
chromatic flux outside the Earth’s atmosphere and d represents the
distance from the star.

In the determination of P Cygni’s luminosity, we can use the obser-
vational data on the fluxes from the bibliographical sources listed in
Table 2.

Interstellar reddening data have been corrected on the basis of the
wavelength dependencies according to L. Luud [ l7 ] and A. Sapar and
I. Kuusik [ lB ].

We have observed the fluxes on a very large range of wavelengths,
therefore the whole spectrum which gives a remarkable contribution to
the luminosity is kuown. Therefore, we shall describe the calculation of
the integral in parts. We have

Sonic of these Intograla have been determined from the observed fluxes:
W, 7.8!)• И) V The value of the next integral 2e (also determined from the

oo
L=Aj\.d2 JFe,\ dX,

о

со 166Ä 51ЭА 912 Ä

7/ J Fe,kclX+ J FE.i.dX-\-
0 0 166Ä 513Ä

1320 А 3.3 шш 4.995 GHz со

Н- J I' и,к </л |■ J pE,kdK-\- J J FE,xdh=
912 А 1320 А 3.3 шш 4.995 GHz

—öi+öa+Se+öt+Se+Se+ö?.

Table Ü

Wavelength or Sourcefrequency

4.995 and 10.68 GHz t 13 ]

3.3 mm [И]
2.3—19.5 jxm [15]
1.6 (im [ 16 1
UBVRI [ 12J
1320—2740 а l 6 J

Table 1

Star Л С (4430)/£(В— V)

HD 193237 (P Cyg) 7.2
HD 193945 7.2
HD 193946 5.7
HD 194153 6.5
HD 197512 5.3
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Fig. 6. The observed and interpolated absolute fluxes F from P Cygni

observational data on the fluxes) is 2.60-10~ 113
, which makes only 3• ICH%

of Й5. We assume that йб=й7=O.
For shorter wavelengths the extrapolation of the flux must be used.

Our extrapolation is based on the models of stellar atmospheres by
R. L. Kurucz et ai. [ l9 ]. The observed fluxes and the approximation with
the model by Kurucz et ai. T eff =2O 000 К and lgg=3.o [l9 ] are given
in Fig. 6. Further, we shall refer to the model as KPA 20 000/3.0, and
other models from the source by analogous symbolism. The accordance
of the observed fluxes with KPA 20 000/3.0 is rather good at the
wavelengths 1320—10 000 Ä- Further in the infrared region an excess of
the free-free radiation has been observed. Taking into consideration
that the relative flux distribution is only slightly dependent on the KPA
models of near temperatures, we shall use the fluxes given by KPA
20 000/3.0 for extrapolated ultraviolet fluxes.

In our integrals the bounders have been chosen under the following
circumstances: 912 A is the Lyman continuum limit (physical considera-
tion), 515 Ä is the limiting wavelength for the calculations in KPA
20 000/3.0 (mathematical consideration) and 166 Ä is the equal flux
point with the last infrared point included in the calculation of the
integral й7.

We have the following integrals й 4'=2.56- 10~6
, йз=4.96-10~7 and

й 2 =3. 16- 10~ и
. Й3+ Й 4+Й5 = 1.095-10~5

. The value of integral й2 is only
3-10~°% of the surn йз+Й4-1-Й5, and therefore we shall assume that ü\
=й 2=O. Our integral is found within the accuracy limits of observations
that are less than 5% for bright objects like P Cygni.

Thus, we shall have L= 3.79-1039 erg/s, lg L/L0 =6.00+0.05 and
MBo i =—10m .25.
3. The effective temperature and radius of P Cygni which follow from
the lurninosity, distance, observed and model fluxes. We shall start from
the zero approximation temperature which may be obtained from the
Mboi = 10m.25 and M v ~Bm.lß. These magnitudes give for the bolo-
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metric correction B. C.=—2.07. Therefore, using the bolometric correction
seale given by K. U. Allen [2o], the effective temperature will be
Teff<224oo K. Hence the Allen’s seale comprises normal stars without
infrared excesses, and we have estimated the upper limit of the effective
temperature.

The iterative determination of Te ff and angular diameter has been
deseribed by D. E. Blackwell and M. J. Shallis [2l ]. The general formulae
are the following:

where F Stx is the model flux.
The Blackwell-Shallis procedure represents an iterative correction of

6 and Te ff, whereas a new value of F,% % is introduced after determining
Tei{-

Usually the angular diameter and effective temperature of the star
are determined on the basis of the observational data for a moderate
quantity of wavelengths, mostly for the infrared region where the depend-
ence on the atmospheric model for the determination of the quantities
Fs,\ is quite weak. In case of P Cygni, we have a remarkable infrared
excess caused by free-free transitions in the star’s outer envelope, Ac-
cording to T. Nugis et ai. [ 22 ] the effective radius in the infrared and
radio wavelengths is significantly greater than the star’s photosphere at
ultraviolet wavelengths. For 7=8.7 pm the effective radius exceeds the
photospheric radius 1.75 times. Therefore, the extrapolated flux from
the adjusted KPA 20 000/3.0 model has been used for the photospheric
infrared flux FE,\-

Неге, two main aspects need further discussion. The calculations with
the corrected data on the observed infrared fluxes received by model
approximation introduce the dependence of FE,\ on the same model that
has been used for the determination of F s,x. Therefore, the values of Ten
and 0 with the fluxes on the wavelengths greater than 1 pm, must be
incorrect. The somewhat higher radii and lower temperatures in case
of the wavelengths 2770—10 000 Ä are probably caused by observational
errors at shorter wavelengths and the non-considered free-free excess at
longer wavelengths. The agreement of the values of 7 e ff and 0 found
from far ultraviolet and other fluxes, shows that they really reflect
the photosphere of the star. The discrepancies between the determined
values are higher than could be expected from the observational and
model errors (Table 3). The latter does not exceed ~10% in F EtJFs,k,
~4% in the radius and ~2% in the temperature. Therefore the calcu-
lation of the next approximation seenis tobe reasonable.

The confinement with the first approximation is justified by häving
quite similar results in all the discussed wavelengths and difficulties in
finding FSt x in the following approximation. It must be noted that the
correction of the effective temperature by some hundreds of degrees
with the scatter of single values about a thousand degrees is not required
in case the effective temperature is about 104 degrees.

We can check the inner correctness of our determinations, using the
following expression

o=2УFE,xlFs,k (rad),

R= dyFE,tiJFs,K (kpc) and

(К),

lg ци= 4lg Те,,=2 lg RJRe - 15.045,
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which assumes that 7 eff(o) is 5770 К. И we calculate using the mean
7’eff and R, we shall get 6.00. This value exactly coincides with the deter-
mined value in part 2.

We conclude that 0= (1.95+0.21) • 10-9 rad= (4.02+0.44) • 10~ 4 are
see, #=73+8 Ro and 7+: =2l 400+1100 K.
4. Concluding remarks. Our results are in partial disagreement with
those obtained by А. B. Underhill [23 ]. She applied the underestimated
value for E {В — V) by V. A. Ambartsumian et ai. [ 3 ] Therefore, shehad
energy distributions not completely corrected torm the interstellar redden-
ing. The comparison of energy distributions found with the colour-excesses
0.35 and 0.61 (Fig. 2 in [ 23 ]) with KPA models gives, in our opinion,
a much better accordance in case of E{B F)=0.61. Probably the
arbitrary preferring of the lower value is a result of «esprit de contradic-
tion» which would certainly adorn seientifie diseussions. The angular
diameter of P Cygni isin good agreement due to the methods used.
Therefore, the only principai souree of diserepaneies is the adoption of
different colour-excesses. In the first part of our paper we have shown
that the higher value of interstellar absorption should be preferred.

Another aspeet tobe diseussed is the disagreement of the distance
1.7 kpc adopted by the author with 1.2 kpc given by C. S. Beals [24 ]. This
value is the mean of the values determined by different methods and
we shall diseuss them separately. The analysis of the distance of NCC
6871 presented by C. S. Beals according to H. Trumpler [2s] presents an
underestimated value. The adopted interstellar absorption 0?n .7 per kpc
is approximately 2.5 times smaller than the true value. The distance
determined from the equivalent widths of the interstellar lines has also
been underestimated beeause in the direction of P Cygni a relatively low
gas abundance in interstellar matter has been observed. The only method
which needs no corrections is the determination of the distance on the
basis of the relationship between the distance and differential velocity
due to the galactic rotation. The value of the distance 1.6 kpc estimated
by this method is very elose to the value adopted by the author. Thus,
the only correct value suggests that our estimation of the distance
must be valid.

fable 3

(xm 0-10 4 rad R/Re Teft К

6.5 1.81 68 22020
5.0 1.86 69 21762
4.0 1.85 69 21782
2.7 1.82 68 21966
1.8 1.77 66 22306
1.2 1.87 70 21679
1.0 1.86 70 21731
0.9 1.42 91 19024
0.83 2.17 81 20140
0.725 2.01 75 20907
0.56 1.81 68 22034

0.46 2.01 75 20918
0.40 2.18 82 20082
0.36 2.30 86 19563
0.274 2.28 85 19648
0.2015 1.80 67 22090
0.1598 1.74 65 22478
0.1422 1.67 62 22970
0.1370 1.86 69 21762

Mean 1.954-0.21 73+8 21400+1100



Taking into account that our determinations are in good agreement
with those presented by other investigators, we shall adopt the following
complex of P Cygni’s parameters:

The author is very grateful to Prof. H. Lamers for the preprint of the
paper [26 ] which inspired the author to wind up the investigations of
P Cygnfs fundamental parameters. Thanks are also due to Mrs. K. Um-
mik and Miss E. Turgulainen for their kind assistance.
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Е{В— К) =0.62
d= 1.7 kpc

M v=—Bm.lB
L =3.79-1 039 erg/s

lg L/L©=6.00+0.05
-Mboi =— 10m.25
В.С. =—2.07
r ef 400 К (from 8.C.)

G=4.02±0.44 marcs
R =73±8Rq

Тем =2l 400+И00 К (from L and 0),
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L. LUUD

Р CYGNI KURGUS VÕIMEST, EFEKTIIVSEST TEMPERATUURIST JA RAADIUSEST
On uuritud interstellaarset neeldumist P Cygni suunas ja, rakendades saadud pärandeid
absoluutühikutes antud kiirgusvoole, leitud tähe põhilised füüsikalised karakteristikud.
Kiirgusvõime L=3,79-10 39 erg/s, lg L/L Q

=6,00±0,05, raadius R =73±8 R 0 ja efek-
tiivne temperatuur 7’e ff=21400 K.

Л. ЛУУД
О СВЕТИМОСТИ, ЭФФЕКТИВНОЙ ТЕМПЕРАТУРЕ И РАДИУСЕ Р ЛЕБЕДЯ

Исследовано межзвездное поглощение в направлении Р Лебедя. Полученные поправки
применены для исправления наблюдаемых в абсолютных единицах потоков с после-
дующим определением основных физических параметров звезды. Установлено, что
светимость Р Лебедя L =3,79- 1039 эрг/с, lg L/L 0 = 6,00±0,05, радиус R 73±8 R© и
эффективная температура 7’ем =2l 400 К.
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