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Introduction

For over one hundred years, variable stars have been used as probes of astronomical distances and stellar physics. To this
day, they continue to be at the forefront of modern astrophysics. [1] remarks that type II Cepheids ‘include most intrinsic
variables with periods between 1 and about 50 days, except for the classical Cepheids and the shortest semiregular variables
of type M.”” These bounds on the periods place the type II Cepheids in the instability strip between the RR Lyrae stars at the
short-period limit and the RV Tau variables at the long-period limit. Type 11 Cepheids fall into two classes: BL Her stars with
periods of 1- 5 days and the W Vir stars with periods longer than about 10 days, with an indistinct boundary at about 20-30
days separating these stars from the RV Tau stars. [2] drew attention to the period gap (6-9 days) between the BL Her and W
Vir stars in globular clusters. On the average Pop Il are about 1.5 mag fainter than Pop | of the same period. There are three

subclasses of Pop Il in different stage of evolution. BL Her stars have the shortest period and are evolving from the horizontal

Citation: Abdel-Sabour MR. Frequency analysis of short periodic Cepheid BD+13 218 as Seen from SMEI Observations. J Phys Astron.
2017;5(3):120
© 2017 Trade Science Inc. 1



www.tsijournals.com | January-2017

branch to word asymptotic giant branch (AGB). The rate of observed period changes is in a good agreement with that
determined from stellar evolution theory. The number of stars in first, second and third crossing of the instability strip, on the
basis of the derived rates of period change, are not fully consistent with time scales based upon stellar evolution cross the
inferred width of the strip. There are fewer stars in fifth crossing than predicted on that basis, and fewer at long period, may
be because not all massive stars cross the instability strip during the period of shell helium burning.

For that we try to put one variable star (BD+13 218) under focus hopping to have new results, especially after the
observations we get from Solar Mass Ejection Imager (SMEI).

(SMEI) is the unique data set of continuous monitoring of the entire sky which has been used to study variations in the

brightness of stars. Photometric data from SMEI have already been used for studying the

period and amplitude evolution of Polaris by [3]. The reader is referred to Spreckley & Stevens [3] for a detailed description
of the data extraction and processing pipeline.

The primary aim of the present investigation is to test whether the observed times of maxima or minima are consistent with
the hypothesis that the Irregularities are the individual period may differ from the mean period by a purely accidental
fluctuation independent of previous fluctuations.

We present the data technique and reduction in section 2. Also, we describe the O-C properties and period change for our
system BD+13 218 in sec. 3. A Fourier decomposition technique using an algorithm for non-linear least square fitting is
studied in Sect.4. The physical properties of our system are described in more detail in sect.5. Finally, in Sect. 6, we

presented important conclusions of the study.

Data and Method of Analysis

Due to the lack of the continuous observations of the star BD+13 218, our study will depend on the observations available
from ASAS (http://www.astrouw.edu.pl/asas/) and SMEI databases.

SMEI instrument is launched on 2003 January into an 840-km sun-synchronous polar orbit with an orbital period of 101 min.
More description of SMEI data was presented by [3] and details on the SMEI instrument was presented by [4].

Both these data allow us to construct many consecutive individual light curves, and to search for random fluctuations in
period and amplitude for BD+13 218 Cepheid variable.

SMEI observations are analyzed using the Period04 software and other Fortran program for a comprehensive investigation of

their pulsation properties.

BD+13 218 Star

BD+13218 (GSC 00620-00985), (02000=01:28:37.9 & 82000=14:39:29.9) and, B=10.63 + 0.05, V=9.63 £ 0.03,

J=7.657 £ 0.020, H=7.178 + 0.038, K=7.089 + 0.023, Photometry conducted by the authors revealed a period of P=2d.8364
and a peak-to-peak amplitude of 0.474 mag.

In spite of, Simbad website descript the star as classical Cepheid, but we think this star lie under Pop Il (BL Her), because

Classical pulsating stars are Luminous, F-and G type, with periods from a few days up to 100 d.
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The SMEI observations for this star started from 1 April, 2007 to 6 February 2010, see FIG.1. In our study, we used the
resulting linear ephemeris which given by: JDmax= 2454191.501+2.8364E and/or JDmin= 2454528.65+2.83647E, where E
is the number of elapsed cycles. Data were analyzed for periodicities with the PERIODO04 package (Lenz & Breger 10-15).

The periodogram of the whole Camera #2 dataset is shown in FIG. 2
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Fig. 1. SMEI observation for BD+13 218 pulsating variable, as seen four panels as a result of the gap between
observations. First started from 1 to 9Abril 2007, the second 28 Feb to 19 March 2008, the third 7 Feb to 26 Feb 2009,
and the forth started from 19 Jan to 6 Feb 2010.

0'03.00 0.40 0.80 1.20 1.80
Frequency

FIG. 2. High-precision photometric data from SMEI taken between April 2003 and March 2006 were subjected to

periodogram analysis with the PERIODO04 package.

Period Change In BD+13 218

To study period change with acceptable accuracy, we should have observations on a long run. But we try to study the period
change by using the data which we have. We studied the period stability of BD+13 218 applying the classical O—C diagram
method. Observations of SMEI enable us to determine the O—C values for almost all cycles available. We used two different
methods to calculate the O—C values.

The first one use SMEI observation only by using the times of maxima and minima of the light curves by two software’s

(AVE and Minima), So O—C diagrams can be seen in TABLE 1 and FIG. 3.
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TABLE. 1.Period Change In Bd+13 218

Time of maximum Time of minimum

T max. Err. Epoch o-C Twmin. Err. Epoch O-C
2454192.550 0.014 0.000 0.00097 2454193.911 0.012 0.480 -0.05158
2454195.313 0.026 0.974 -0.06290 2454195.461 0.104 1.027 -0.08530
2454198.220 0.016 1.999 -0.01830 2454525.781 0.032 117.485 -0.28805
2454527.238 0.010 117.999 -0.24433 2454528.661 0.011 118.501 -0.23477
2454530.093 0.007 119.006 -0.21606 2454531.381 0.025 119.460 -0.34098
2454532.911 0.005 119.999 -0.22415 2454534.263 0.013 120.476 -0.28550
2454535.739 0.016 120.996 -0.22311 2454537.093 0.010 121.473 -0.28240
2454538.557 0.012 121.990 -0.23146 2454539.988 0.015 122.494 -0.21302
2454541.380 0.020 122.985 -0.23458 2454542.659 0.018 123.436 -0.36897
2454544013 0.073 123.913 -0.42825 2454871.896 0.011 239.513 -0.41272
2454870.423 0.008 238.993 -0.47194 2454874.677 0.010 240.493 -0.45772
2454873.290 0.012 240.004 -0.43138 2454877.517 0.015 241.494 -0.44440
2454876.088 0.012 240.991 -0.46042 2454879.857 0.004 242.320 -0.48291
2454878.941 0.010 241.997 -0.43316 2455215.027 0.011 360.488 -0.27738
2454881.773 0.021 242.995 -0.42784 2455217.923 0.021 361.509 -0.34070
2454884.685 0.024 244.022 -0.34216 2455220.652 0.013 362.471 -0.47246
2454887.456 0.016 244.999 -0.39734 2455223.582 0.014 363.504 -0.69388
2455216.461 0.020 360.994 -0.67381 2455226.401 0.022 364.498 -0.62488
2455219.328 0.015 362.005 -0.63249 2455231.972 0.027 366.462 -0.69144
2455222.131 0.010 362.993 -0.65641 2454880.510 0.024 242.550 -0.61859
2455224.992 0.019 364.001 -0.62156 2454883.273 0.016 243.524 -0.62605
2455227.798 0.009 364.991 -0.64180 2454885.968 0.017 244 474 -0.70506
2455230.633 0.014 365.990 -0.63396

2455233.295 0.023 366.929 -0.61501

The average error of the time of maxima/minima is + 0.060 d, which was determined by applying this method to a synthetic
light curve generated using the Fourier parameters of BD+13 218 and averaging the deviations between the analytically
derived maxima/minima.

Determining the O-C by studying the time of maximum or minimum is not easy because sometimes the maxima or minima of

light curve are not well defined by the data as a result of scattering observations. Thus, at this point it is not always possible
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to determine a precise O-C by using phase shift. The average measurements are fairly consistent with the period change log

P(dot)=1.853 + 0.266 s/yr.
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FIG. 3. The O-C and Residual for the Time of maxima and minima light, by using SMEI observations.

The second method to studying the O-C are plotted in FIG. 4 Which used by measure phase shifts of each cycle and
transforms them to an O—C diagram. The phase folded light curves containing data from January 2003 to January 2010.

The O-C data are matched reasonably closely by a parabola form HIDmax=Mo+PE+QE2 which indicative of a regular
period change described by ;

HJD=24552635.654+2.82936212E+0.30105688x10-5E2,

Where E is the number of elapsed cycles. Then the inferred rate of period changes for BD+13 218 is 1.826 + 0.213 sly. this
rate of period change almost exactly what one predicts for a star in the first crossing of the instability strip as seen in FIG 5.

FIG 5 depicts some of the best-established rate of period change as a

function of the pulsation period for a selection of variable undergoing increases, [5] and [6]. The plots relations for first, third,
and fifth crossings of the instability strip were derived from published evolutionary model by [7] (sold, dashed and dot lines
in FIG. 4, 5). Comparison between the theoretical evolutionary mode [7] and observations reveals that, BD+13 218 is the first

crossing of the instability strip as seen from FIG 5, more observations is needed to confirm this result. TABLE. 2
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TABLE. 2. Observations is needed to confirm this result

JD Epoch | O-C Weight | No. Ref.
2452649.722 3 7.213 2 11 ASAS
2452917.637 98 5.67 1 47 ASAS
2452999.975 127 5.752 2 12 ASAS
2453312.583 238 3.52 2 12 ASAS
2453631.999 350 5.259 1 32 ASAS
2453729.018 385 3.004 1 14 ASAS
2453848.800 428 3.833 2 36 Smedit2011
2454195.438 550 1.418 3 217 SMEI
2454384.501 616 3.279 2 53 ASAS
2454534.984 670 0.596 3 540 SMEI
2454756.915 748 1.288 1 53 ASAS
2454879.337 792 -1.092 3 554 SMEI
2455094.058 867 0.899 2 25 ASAS
2455217.875 911 -0.085 3 74 SMEI
2455223.647 913 0.014 3 513 SMEI
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Fig. 4. The O-C diagram as a constant period, the slop line is to the estimated period change (above panel) and

Residual (down panel) Data Obtained by using the second method. By using all data available.
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Fig. 5. Rates of period change as a function of the pulsation period for a sample of variable with established period

increasing, with error bars denoting the uncertainties in derived quantities.

Random Cycle To Cycle Period Fluctuations

Random fluctuations must present in periods of all pulsating variables. A test to detect these fluctuations was proposed by [8].
If the O-C diagram are affected by random errors in the measurement times of maximum or minimum, and if these quantities
are accidental and uncorrelated, then a graph of <u(x)>? versus of x is a straight line, where x is a number of cycles between
(O-C), and <u(x)> is the average absolute value of the differentness between all pairs of O-C diagrams that are x cycles apart
[9] i.e the accumulated delays <U(x)>=average {(0 — C)(n + X)cyctes — (0 — C)(N)cycles} between maxima separated by x
cycles. By the ordinary theory of errors, the probable value of the sum of x

fluctuations is Vx times the probable value of one fluctuation. If the deviations in observed time of maxima from their
predicted times are dominated by random fluctuations in period, then that data for all available observed light maxima should
display a trend described by:

< u(x) >*= 2a® + xé’,

where “a” is the average uncertainty in days for established times of light maxima and “e” is the magnitude of some random
fluctuation in period. A schematic representation of expectation for pulsating variable is presented in Fig. 6 for our system and
the other taken from [8] The weighted least square fit to the u(x)® data from our system (BD+13 218)is:

< (x) >*=2.061x107°( £ 0.046x10"°) — 0.000( % 0.0003)x,

with SIGMA = 0.00231 where the null value of the slope of the relation is consistent with no random cycle- to-cycle
fluctuation in period for BD+13 218 at least for the observations that we used. The observed values of, <u(x)>* therefore
become very small for large cycle differences. Convincing evidence for random cycle- to-cycle variations in pulsation period
for several different types of long period variables was published by [9]. For these variables, the existing observations

allowed us to construct many consecutive individual light curves. Since random fluctuations in period exist in the time
7
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interval of several to a few tens of pulsation cycles, it is easy to be detected for about two hundred stars. In the case of
galactic variable whose periods are shorter than 68 days, such dense series of observations did not exist and random

fluctuations were found only in a period in about ten variables which have long period observations FIG 6.
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FIG. 6. The <U(X)>2 diagram for U Aql, n Aql, §{ Gem, X Lac, T Mon, T Vul, and BD+13 218.

Fourier Decomposition Method
The principal component analysis (PCA) and Fourier decomposition (FD) method are an important tool for variable star light
curve analysis and compare their relative performance in studying the changes in the light curve structures of pulsating
variable and in the classification of variable stars. The light curves are fitted with the following formula [10].

©
() =mo + - Aisin(2n(fit + ¢1))

i=1
where m (t) is the magnitude observed at time t, mQ is the mean magnitude, A; is the amplitude of the i- component
(harmonic), f is the frequency (f = 1/P, where P is the period of the light variation), @i is the phase of the i-component. The
Fourier parameters can be subdivided into two groups: the amplitude ratios R, =A/A jand the phase differences @ = i@; —
Jj®@:. We calculate Fourier coefficient because the larger value of R2lindicates stronger deviations from a single sinusoid and
thus indicates a higher degree of asymmetry in the light curve. TABLE 3 lists the calculated Fourier parameters. Fig. 6 plots

the amplitude stability. The least square fit of SMEI observation is:

Ysme= -1.6322E-006*X+4.4813, R-squared = 0.002, sigma= 0.0003,
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and for ASAS Observations is;

Y asas=-1.454E-005*X+35.795, R-squared = 0.119, sigma= 0.0012.

TABLE. 3. The SMEI Fourier parameters of the light curve fitting

Mean. JD. Al R21 R31 phi2l phi3l No.
2454192.765 0.506 +0.025 0.112 + 0.034 0.107 + 0.04 1.885 + 0.493 | 2.204 + 0.324 | 88
2454198.726 0.472 + 0.037 0.175 + 0.083 0.065 + 0.08 2475 + 0431 | 1.911 + 1.166 | 71
2454526.346 1.123 + 0.213 0.967 + 0.144 0.800 + 0.29 5.589 + 1.474 | 4.557 + 2.306 | 52
2454528.763 0.510 + 0.011 0.113 + 0.021 0.119 + 0.02 1.884 + 0.203 | 2.822 + 0.203 | 74
2454531.434 0.473 + 0.022 0.066 + 0.033 0.088 + 0.03 0.443 + 0.589 | 3.659 + 0.427 | 73
2454534.236 0.488 + 0.014 0.120 + 0.028 0.043 + 0.03 1.879 + 0.255 | 2.639 + 0.674 | 90
2454537.242 0.501 + 0.015 0.081 + 0.03 0.121 + 0.03 0.633 + 0.381 | 3.093 = 0.267 | 98
2454540.153 0.429 + 0.020 0.022 + 0.046 0.095 + 0.05 4344 + 2.002 | 2.959 + 0.459 | 79
2454542.930 0.599 + 0.042 0.279 + 0.063 0.149 + 0.06 0.758 + 0.201 | 2.084 = 0.374 | 70
2454871.609 0.525 + 0.010 0.139 + 0.019 0.062 + 0.02 1.292 + 0.154 | 3.754 + 0.316 | 102
2454874.729 0.460 + 0.012 0.139 + 0.026 0.063 = 0.02 1.857 + 0.183 | 3.010 + 0.415 | 83
2454877.545 0.496 + 0.015 0.115 + 0.029 0.082 + 0.03 1.705 = 0.235 | 3.132 + 0.317 | 81
2454880.335 0.479 + 0.016 0.176 + 0.034 0.018 = 0.03 2431 + 0.197 | 3.773 + 1.862 | 88
2454883.112 0.488 + 0.021 0.151 + 0.042 0.151 + 0.04 1.088 + 0.302 | 3.772 + 0.313 | 89
2454886.869 0.473 + 0.028 0.157 + 0.063 0.064 = 0.07 2.370 + 0.362 | 1.503 + 0.975 | 111
2455220.720 0.422 + 0.015 0.179 + 0.032 0.112 + 0.03 1.829 + 0.176 | 2.373 + 0.290 | 77
2455227.364 0.443 + 0.012 0.173 + 0.028 0.037 + 0.03 1.564 + 0.167 | 3.623 + 0.743 | 311

TABLE. 4. Amplitude stability for BD+13 218, dot points is the SMEI observations, asters points is the ASAS

observation

Mean. JD Amp. Err R1 Err R31 Err 021 Err 031

2454195.745 0.489 0.031 0.144 0.059 0.086 0.059 2.180 0.462 2.057
2454535.793 0.487 0.021 0.114 0.037 0.103 0.037 1.657 0.605 2.876
2454879.033 0.488 0.017 0.146 0.035 0.073 0.037 1.791 0.239 3.158
2455224.042 0.432 0.013 0.176 0.030 0.075 0.029 1.697 0.172 2.998
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Physics Parameters

In this section, we present a set of functional relationships that allow us to derive the atmospheric parameters using the
intrinsic colors as independent variables in the infrared or visible regions. We use both regions but we know infrared colors
are less subject to the effects of interstellar absorption. We try to calculate the physical parameters for BD+13 218, Effective
temperature (Teff), absolute magnitude (Table 4).

(Mv), RvRQO, L¥L(O and surface gravity (log g). In the following subsection we have used the constants

adopting, Teff sun =5777 K, log g©©=4.44, Mbol®=4.75, )V-R(*= 0.622, (H-K)* = 0.089 and (J-H)* = 0.479.

Effective Temperature

There were two camps for effective temperatures of BD+13 218, one claiming the temperature is 4420K, 4581 K by [11, 12],
respectively, and the other claiming is the effective temperature in the rang (6311-6385)k by [3]. The large difference
between the two results may be attributed to that, the first one is calculated it when the star expanded and the second’s
calculated when the phase of the star compresses. So we used her the Temperature from [3] and rejected the temperature from
[11, 12] because we try to calculated it’s by empirical formula and the our results close to the [3].

We know determining the stellar effective temperature from color or spectra is a difficult task. The photometric angular
diameters derived using the color index (B-V) fails to predict the correct temperature of pulsating star during the expansion
phase. So, we use the infrared region as a functional relationship involving the intrinsic colors (J-H)0 , because the infrared
colors are less subject to the effects of interstellar absorption. By using the formula by [2, 13-15] and the results is around
5917.052+145.262 K. But, we depend to calculated the following parameters to the effective temperature from [3].

Radius

The stellar radius is calculated from a polynomial fit to the temperature-radius relation given by Collier Cameron et al.[13],
which is valid for the temperature range 4000k <Teff < 7000k. also Gray (1992,eq. [15.14]) which give us the
relation between effective temperature Teff and broadband (B- V)0 color. Many authors studied the Period-Radius relation
[16- 18, 20, 6] but the best-fitting relation obtained from a combination of least squares, weighted least squares, and
nonparametric techniques is ;

log < RO > =1.064(+0.006) + 0.750(+0.006) log PO

see comments by [18, 19]. We depend her about period-radius relation to determine the radius of the star under focus which
give us < RO >=1.404 + 0.008.

Mass and Surface Gravity

The stellar mass is then estimated by mass— radius and the surface gravity relationship as seen in the following equation from
[21]

10
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M R
g M,,)(T*/T@)*
ge Mg (L*E{La)

The results are M/IM® = 1.528+0.087 and logg* =2.284 +0.063.

L=

TABLE. 5. The Physical and observational properties of variable star BD+13 218.

Log Test L/L R/R (B- M/M Log g
V)o
3.802 0.386 1.404 1.044 | 1.528 2.24

Conclusion

Total 1824 flux magnitude estimates for pulsating star BD+13 218 is very important essential for understanding the initial
vision of this star. The behavior of this star is so slow and complex and there are so many types of long-term variation, that
the visual observations previous the only hope for further understanding. The longer the observation, the better our change of
understanding will be.

-Time of minima and time of maxima was determined by using public software and the results are tabulated in TABLE 1.
The new results obtained with SMEI strongly suggest that the amplitude of BD+13 218 is stable.

The information about period changes is also presented as a phase diagram instead of a classical O-C diagram. Various
shapes of the O—C curves correspond to following different cases:

If the period of the star is constant, but the adopted period is too long or too short, the straight line will slip up or down (see
Fig. 3 &4). If dp/dt > 0, that is the O—C line will slop downwards and otherwise, dp/dp < 0, slop upwards. It tells us a shift in
the epoch [20-24].

The period change noise is a result of random mixing events associated with the semi-convective zone of the stellar core [4].
From theoretical evolutionary model and observations, we see the star BD+13 218 is the first crossing of the instability strip
as seen from fig.5. And the period change rate estimate is 2 s/yr.

The star does seem to be oscillating in the first overtone mode, but likely lies close to the red edge of the instability strip, and
is therefore likely to soon evolve into either a fundamental or double-mode variable, assuming the BD+13 218 is undergoing
its first or third crossing.

Studying random fluctuation period, it is clearly understood the importance of the star’s period to the magnitude of the

stochastic processes producing the random fluctuations in period.

11
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Physical Properties for BD+13 218 are studied theoretically, effective temperature, luminosity, radius, stellar mass, surface
gravity values which tabulated in TABLE 5 Recent, trends in the derived BW radii of Cepheids have consistently yielded
values that lie close to the relationship obtained here. The transformation of Cepheid radii into luminosities requires the use
of an effective temperature relation and a scale of bolometric corrections and generates Cepheid luminosities as absolute
visual magnitudes MV .[24-26]

Also, we hope to have photometric and spectroscopic data for BD+13 218 to study of the physical properties

by very high accuracy.
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