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ST PERSEI: A POSSIBLE MULTI-BODY SYSTEM

R. K. SRIVASTAVA
Uttar Pradesh State Observatory, Manora Peak, Naini Tal, India

(Received 2 December, 1987)

Abstract. Detailed period study of the eclipsing binary ST Per is presented. A new period (P = 29648339)
is given. Period changes in different portions of the O-C diagram with a new period have been estimated.
The total changes in period (AP) ranges from 2.17 X 10~°d to 2.64 x 10~ *d which is appreciably large.
Sufficient number of minima in the time interval 1934 to 1985 for this system are available. Distinct
increasing and decreasing trends are evident, the change in the tendency appears to have occurred around
1947. Sinusoidal variation is seen between cycles 7000—10000, which indicates that ST Per is a three-body
system, the period of the third body being about 22 years. However, the sinusoidal variation is not perfectly
symmetric in shape, therefore, it is suspected that ST Per is a four- (or multi-) body system.

1. Introduction

Miss Leavitt (cf. Pickering, 1907) first announced the variability of ST Persei
(BD + 38°606). No detailed period study is available in the literature during the last
80 years, even the O—C diagram is not found. Wood (1946) compiled 52 minima from
the literature and found that some period change appears to have occurred around 1931.
Since then many observers (Table I) have given the light elements of ST Per but,
unfortunately, none could cover the light curves or minima portions fully well and, thus
could not comment on its period behaviour. The author has attempted its detailed period
study for the first time, which is still restricted in the sense that secondary minima of
ST Per are hardly available in the literature.

2. Epoch, Period, and New Period

Epochs and periods of ST Per, presented by several observers, are listed in Table I.
Change in the period of the system is evident.

TABLE 1
Periods and epochs of ST Per

Author Period and epoch

Enebo (1910) I1.D. 2418678.272 + 29648383
Kordylewska (1934) 1.D. 2419030.5038 + 296483615
Wood (1946) J.D. 2429528.5853 + 296483343
Tsesevich (1958) 1.D. 2429528.5897 + 296483488
Wood and Forbes (1963) J.D. 2433283.94286 + 2964833739
Lucy and Sweeney (1976) 1.D. 2419032.5320 + 296483615
Srivastava (1970) J.D. 2440148.4085 + 296483339
Weis and Chen (1976) J.D. 2442036.6876 + 2964835 (adopted)
Srivastava (1970) (present study) 1.D. 2440156.3557 + 296483344
Srivastava (1987) (present work) J.D. 2417857.33 + 29648339
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In all, 102 minima have been collected from the literature, out of which 3 are
photographic, 7 photoelectric, and 4 unspecified, while the remaining 88 minima are
visual. Only one minimum (Srivastava, 1983) is secondary.

Of the 102 minima only 95 have been considered for the present period discussion
because the remaining 7 minima mostly visual have revealed unusual O-C values, not
conforming to the instant period trends. From these, a new period of ST Per has been
obtained employing the method of least squares. The corrected period using the initial
epoch comes out to be 29648339 (+ 09000002).
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Fig. 1. O-C diagram based on P = 29648382. Filled and open circles indicate primary and secondary
minima values, respectively, while the crosses represent the mean values. The solid line, having an arrow,

shows the declining trend of the period, while the dashed lines show period fluctuations around the solid
line.
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3. O-C Diagrams and Period Changes

All the available times of minima, obtained in the time interval 1908 to 1985, have been
listed in Table II. Two O-C diagrams (Figures 1 and 2) are based on the following
ephemeris:

Primary Minimum = J.D. 2417857.33 + 29648382E, (Enebo, 1907, 1910),
and
Primary Minimum = J.D. 2417857.33 + 29648339E (present work) ,

respectively, have been drawn.

Figure 1 shows an average period decrease of nearly 51 s yr ~!, which is appreciably
large. Increasing and decreasing tendencies of period are also shown in Figure 1 by
dashed lines. These do no reveal any systematic variation either in length of time or in
amplitude of period fluctuations around smoothen solid line marked by an arrow at
one end. The period behaviour has been assumed to be constant between epochs of
different period change and also that O-C (s) > 0901 are appreciable. Figure 2 reveals
interesting behaviour of orbital period of ST Per. This O—C diagram gets split up into
7 portions (4B, BC, CE, EG, GI, IM, and MN) between points 4 to N. This figure has
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Fig. 2. O-C diagram based on P = 29648339. Filled and open circles indicate secondary and primary

minima values, respectively, while the crosses indicate the mean values. The solid curve is the free-hand

(smoothened) curve. Two thin solid lines showing dashed arrows at one end, represent the increasing and

decreasing trends of the period wherein the year of change in period tendency is shown by an upward arrow,

while a thick solid line, having solid arrows at both ends, show the sinusoidal variation wherein the period
of the third body is indicated by two downward arrows.
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been used for the period discussion. The portions 4B and BC are not properly covered
as they lack sufficient minima around A4 and C, as such period variations in these
portions are far from certain. The portion MN is likewise still incomplete, although not
very rarely covered; its further tendency of increase or decrease is still awaited and, thus,
period change in this portion is also questionable. The order of period change in the
portions AB and MN are the largest compared to others (Table III). Since there is a

TABLE III
Changes of period in ST Persei

Portion Interval of cycles AP/P Total change in
period (days), AP

AB 0to 422 9.95 x 105 264 x 1074 (?)
BC 422 to 2632 244 x 103 6.46 x 10~3
CE 2632 to 5911 823 x 106 2.17%x10-5
EG 5911 to 7882 1.88 x 10-3 498 x 10-3
GI 7882to 9188 1.76 x 103 466 x 10~5
IM 9188 to 10516 271 x 10-5 7.18 x 10-3
MN 10516 to 10653 8.05x 10-3 2.13 x 10~ (?)
Mean (I) 394 x 10-3 1.05 x 10-*
Mean (IT) 192 x 10-5 5.09 x 1075 (1)

Results are from Figure 2.
(?) = Incomplete trends.
1 = mean (II) leaving the first (4B) and the last (MN) portion values.

solitary point at zero phase, thus the portion AB does not allow a certainty of period
change compared to portion MN, however, the point B is extensively covered but,
unfortunately, point B deviated largely from points ACD, etc. The same situation lies
with the portion BC, however, there are number of points at point B but not at 4 and C.

The O-C diagram (Figure 2) suggests that two distinct portions AEF and EM show
increasing and decreasing tendencies of the period, the observations, mostly of Nijland
(1928) around point B, do not appear to conform to the initial epoch. Sudden period
change appears to have occurred around the year 1947 shown by an upward arrow in
Figure 2, the junction point of two trends.

The period changes in different portions of the O—C diagram (Figure 2) ranges from
2.17 x 1075 d to 2.64 x 10~*d, the average being 1.07 x 10~* d. The period change
of the order of 10 ~* d is very high. On the other hand, if we leave the portions 4B and
MN on the ground that these portions are separately covered, and considering that the
portion MN is incomplete, respectively, the average period change stands at
5.09 x 107> d. ST Persei is a semi-detached system (cf. Srivastava, 1970) in which the
secondary K-type component has been found to nearly fill its Roche lobe, such period
change (5.1 x 107> d) is not unusual.

© Kluwer Academic Publishers * Provided by the NASA Astrophysics Data System



1988Ap&SS. 143. . 175S

184 R. K. SRIVASTAVA

4. Presence of Three or More Bodies in ST Per

The portion of the O-C diagram (Figure 2) between points E and N is fairly covered
with minima. Between points F to M, a sinusoidal variation of period is distinctly visible,
which is indicative of the presence fo a third body in ST Per. Although the secondary
minima of this system are hardly available in the literature, the only secondary minimum
given by Srivastava (1983) suggests that O—C residual of both types of minima, as given
by Srivastava (1970, 1983), move in the same direction. The downward arrows in
Figure 2 indicate that period of the third body is nearly 22 years.

Now, if we look at the sinusoidal variation, it is evident that the sinusoidal curve
around the average solid line, containing solid arrows on both ends, is not symmetrical.
In addition, the amplitudes of dips between points I and G and between the points /
to M are not equal, and descending branches (EG and DM) of the sinusoidal curves
are not of equal durations, as such these are asymmetric. Also, if we assume that portion
between a point around 1947 near an upward arrow and B is also a branch of a
sinusoidal curve then too, the sinusoidal variation is asymmetric. This type of asymmetry
suggests that there may be four or more bodies in the system. If we reject the points B,
even then the branch of curve, between a point around 1947 and C, is not strictly
symmetric. In conclusion, the amplitudes of dips and durations of branches are not
symmetric.

5. Contradictions and Sypports

The depths of primary minima have been given by various authors:

Author Type Depth of primary minimum
Nijland (1928) ~273
Wood (1946) Visual 3751

measures (greater by more than a

magnitude than that
determined by Nijland)
Szczepanowska (1959) 1788

Weis and Chen (1976) R 270

I 175
Srivastava (1970) B 274

vV 179
Weis and Chen (1976) B 376
[Revised from Srivastava’s

(1970) observations] vV 278 (7)

Hall and Weedman (1971) V 272
Locher (1983) 1788

Considering the above values it is apparent that the depth of the primary was nearly
2 mag at the time of Nijland (1928), Szczpanowska (1959), Srivastava (1970), Hall and
Weedman (1971), and Locher (1983). However, the wavelengths of Weis and Chen’s
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(1976) observations are different. Only Wood’s (1946) visual measure indicate that the
depth of the primary minimum is nearly 1 mag higher than others. Unfortunately,
insufficient photometric observations are available for this system, and even Weis and
Chen’s (1976) photometry was not sufficient; as they stated that on none of the nights,
when the primary eclipse was observed, were the observations sufficient to determine
the time of the minima. On the basis of doubt created by Weis and Chen (1976), and
adopted by Chaubey (1984) they pointed out that the depths reported by Srivastava
(1970) were wrong without really verifying them. In the light of above discussion it
appears that, even today, the only light curve that is fairly covered is that of Srivastava
(1970); and the depth of primary minimum obtained by him is beyond any doubt. If there
is an additional component (a fourth body) in the system, then the changes in primary
depth will be complicated. Also, Srivastava’s (1970) observations do not show
variations outside eclipses, while Wood’s (1946) observations give larger interaction
effects. Since third-body type variations are not apparent in Srivastava’s (1970) obser-
vations, but period shows evidence of change, hence, it may be possible that the effecting
body is faint and very small or some alternative explanation has to be searched out.

One more thing which is evident from Figure 2, is that the period has changed around
1947, just after the publication of Wood (1946), as such this effect should be looked in
terms of physical changes in ST Per.

6. Summary

Detailed period study of ST Per reveals that appreciable period changes of the order
of 10~> d are present. From discussions it appears that ST Per contains a third body
having a period of nearly 22 years and, also, that it is a possible multi-body system. Weis
and Chen’s (1976) and Chaubey’s (1984) contentions that Srivastava’s (1970) observa-
tions are contaminated, and as such the indicated depths are not reliable, are not correct.
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