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In the present paper, we report the photometric and spectroscopic observations of the
pulsating star BL Cam obtained by the 1.88 m telescope at the Kottamia astronomical observatory
(KAO). Fourier analysis of the light curves indicates one frequency, 25.14427 c/d, with harmonics
51.112 c/d, 33.388 c/d, and 17.72464 c/d. The frequency of  31-32 c/d reported in the literature
is not detected in our data except for one close to 33.3882934 c/d. A total of 55 new times of
maximum light have been presented. A new value of (1/P) dP/dt is estimated using the O-C
diagram based on all newly obtained times of maximum light combined with those taken from the
literature, assuming the periods are decreasing and changing smoothly. Using model atmosphere
analysis, we computed the effective temperature and surface gravity as T

eff
 = 7625 ± 300 K and

logg = 4.30 ± 0.37. The bolometric magnitude M
bol

 = 2.335, radius 

R.R 691 , luminosity


L.L 9570 , the mass 


M.M 681 , and pulsation constant Q = 0.025 days. Locations of the star

on the M-R and M-L diagrams indicate that it is close to the ZAMS track and is an unevolved
star.

Keywords: stars: variables: SX Phe stars: frequency and pulsation analysis: model

     atmosphere analysis

1. Introduction. SX Phoenicis (SX Phe) stars are typically found in the

galaxy's outer regions, known as the galactic halo. Their luminosity changes over

1-2 hours and have short periods ( 080. day) and large amplitudes ( 30. mag).

In globular clusters, they are mostly found among blue stragglers [1]. These stars

exhibit short-period pulsation behavior that varies on time scales ranging from 0.03

to 0.08 days (0.7 to 1.9 hours). SX Phe stars have spectral classifications in the

A2-F5 range and magnitude differences of up to 0.7.

Giclas et al. [2] discovered BL Cam (= GD 428 in Simbad, 2MASS

J03471987+6322422, Gaia DR2 487276688415703040), which was thought to be

a candidate for a white dwarf. It is a pulsating star with a period of 0.039 days

and an amplitude of 0.33 mag, according to Berg & Duthie [3]. McNamara [4]

classified it as a Population II star with a metal abundance of [Fe/H] = -2.4.

Previous researchers have investigated its multiperiodic character [5-7]. Hintz et

al. [8] measured 32.679 c/d for the first overtone and 0.783 for the period ratio

of the first overtone to the fundamental mode. Previous authors [9-12] had also
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discovered the first overtone at 31.6 c/d, resulting in a period ratio of 0.810. On

the other hand, the first overtone did not detect [7]. In a multi-site photometric

investigation of BL Cam, 21 distinct pulsation frequencies (excluding the funda-

mental mode) with amplitudes ranging from 1.6 to 7.4 mmag were discovered [6].

As demonstrated by [1], the period content of BL Cam is dominated by

25.5790 ± 3 c/d and its two harmonics and an independent frequency of

25.247 ± 2 c/d. An analysis of their times of maxima from the literature [13]

determined a periodic change that made BL Cam a binary system and demon-

strated that the evolution of the ephemerides of the different authors was natural

and correct, given the shortness of the available data at their times. They showed

that a binary system causes long-term variation with a longer time horizon.

In the present paper, we carried out photometric and spectroscopic observations

for the star BL Cam. We will use a model atmosphere to determine the star's

effective temperature and surface gravity at different phases. Frequency analysis,

O-C curve, and period change of the star are investigated. The structure of the

paper is as follows. The photometric analysis is presented in section 2. The spectral

analysis is described in section 3. Section 4 is devoted to determining the star's

physical parameters and evolution state, and the conclusion reached is presented

in section 5.

2. Photometric analysis.

2.1. Observation and data reduction. We present new photometric

observations of BL Cam by using the 1.88m telescope of the Kottamia Astro-

nomical Observatory (KAO), Egypt. We applied data reduction, bias subtraction,

and flat-field correction to the raw CCD images without dark subtraction, which

was already negligible. All observations were taken using an EEV 42-40 CCD camera

with a format of 2048 x 2048 pixels, cooled by liquid nitrogen to -120 Co. Fig.1

Fig.1. CCD image (8' x 8') of BL Cam taken with KFISP; the variable star is denoted as (V),

the comparison star as (C), and the check star as (K).
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shows the field BL Cam taken with the KAO. The variable star, the comparison

star, and the check star are marked as V, C, and K, respectively. Fig.2 shows

the KAO observations obtained in Johnson BVR filters and the SDSS in g, r,

i, and z filters for the two nights, November 24 and November 26, 2021. All

observations were analyzed using the MuniWin v.1.1.26 software [14], implement-

ing the differential magnitudes method of aperture photometry.

2.2. Frequency and pulsation analysis. The frequency analysis of the

BL Cam light curves was carried out with the help of two codes: Period04 [15]

and Peranso V3.0.3.4 (www.cbabelgium.com/peranso). Both codes searched for

significant peaks in the amplitude spectra using Fourier transformations of the light

curves. Following the first frequency computation, we created the "periodogram"

Fig.2. The differential magnitude of BL Cam; SDSS g, r, I, and z bands and VR bands.
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by fitting a sinusoid to the Period04 period and subtracting the sinusoid from the

original magnitude (pre-whitening). Then we calculate the periodogram again, but

the first frequency will not be presented, so the highest peak in the periodogram

will be the subsequent frequency. We repeated this procedure many times if

necessary to search for other peaks until no more peaks could be seen in the

periodogram. Results of our analysis presented in the Table 1. The sigma of the

residuals is 6.747 mmag

Frequency (F ) (c/d) Amplitude (a) (mmag) Phase (deg) S/N

f
0

25.14427±0.032979 157.193±1.179 0.696± 0.001 85.50
2f

0
36.083±1.180 0.750±0.006 19.76

3f
0

7.4578±1.199 0.928±0.025 15.05
f
1

51.112±0.0000342 14.762±1.224 0.835±0.013 64.30
f
2

33.3882934±0.0000383 12.893±1.211 0.732±0.015 23.17
f
3

17.72464±0.44729 11.590±1.254 0.970±0.016 41.90

Table 1

RESULTS OF FOURIER ANALYSIS APPLIED TO OUR DATA

SET OF KAO OBSERVATIONS

Fig.3. Observed light curves (left panel) represent the differential V and SDSS i magnitudes

with the first frequency (25.5768439 c/d) in addition to other harmonics (solid lines), while the right

panel is for the Fourier calculation using all data available from AAVSO and the spectral window

in our observations.
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The V-band light curve analysis reveals one peak in the periodogram at

0.03977049 d (25.1442704±0.032979 c/d) (Fig.3).

We compared our results in Table 1 to that of [5], who used the data sets

of [9,11] listed in Tables 5 and 6 together with the corresponding S/N values.

Our results are in good agreement with those of [9]. The first impression from

our results is; that we didn't find the secondary peak f
1
 claimed by some authors

in the region 31-32 c/d, [8] estimated f
1
 as 32.6443 c/d, but we found the peak

at 33.388 c/d. Also, we found a small difference between our f
0
 (25.14427 c/d) and

that of [7] (25.181 c/d) and [9] (25.5768 c/d). This difference may be attributed

to our data being too short or not having enough data sets. In addition,

independent frequencies f
2
 and f

3
 are detected together with the combinations

f
2

 + f
3

 ~ f
1

 ~ 2f
0
, and the amplitudes of f

1
, f

2
, and f

3
 are larger than 3f

0
. We do not

detect at a significant level the linear combination f
0

 + f
1
 as reported by [9].

The sum of the squared residuals 
2  derived from a multi-parameter least-

squares fit of sinusoidal functions was used to calculate the error for each value.

Fig.3 depicts the frequency spectra; Fourier fits on the observational points for

all sets of observations and the spectral window of each star.

2.3. O-C curve and period change. We used the Hertzsprung [16]

method to construct the O-C curve to determine the time of brightness minima or

maxima. We used all the data published in the literature to fill in the gaps in the

O-C diagram. We use it if the scatter is the same as the raw data (about 0.2 mag.).

Fig.4 depicts the maximum-light times used to investigate the period change. To

derive the O-C differences for BL Cam from a computed linear ephemeris, we

used the method described by [16]. We establish a reference time of maximum

light from existing photoelectric observations. The adopted pulsation period is based

on recent observations of the star from KAO data. The following relationship gives

the least-square fit by the quadratic elements:

Fig.4. O-C data points fitted with a quadratic and the residuals of the quadratic fitting for

BL Cam.
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, QEPEMHJD 2
0max  (1)

where M
0
 is a new epoch, P is the new period, and Q is used to measure the period

change values (dP/dt) in seconds per year (dP/dt = (2Q/P)365.25 x 24 x 60 x 60).

We employed a second-order polynomial least-squares approach to fit the

O-C residuals. The revised ephemeris was evaluated using all available photometric

observations from ASAS, KWS, and KAO to justify its validity throughout all

observations. The linear ephemeris equation by [8] was used to calculate the light

maximum

HJD- Epoch O-C No. of Ref. HJD- Epoch O-C No. of Ref.
2450000 (days) Obs. 2450000 (days) Obs.

3041.279 253607 0.04946 18 1 6186.419 334051 0.02209 60 1
3293.459 260057 0.04926 249 1 6186.458 334052 0.02170 56 1
3424.354 263405 0.04535 121 1 6280.259 336451 0.02717 35 1
4031.848 278943 0.04164 22 1 6280.298 336452 0.02776 40 1
4034.859 279020 0.04183 24 1 6623.336 345226 0.02268 262 1
4064.612 279781 0.04144 325 1 6623.375 345227 0.02287 220 1
4109.692 280934 0.04242 139 1 6623.416 345228 0.02483 255 1
4419.462 288857 0.04164 82 1 6630.372 345406 0.02189 201 1
4480.723 290424 0.03695 145 1 7034.402 355740 0.01740 28 2
4499.528 290905 0.03597 40 1 7074.440 356764 0.01935 44 1
4514.657 291292 0.03441 51 1 7314.652 362908 0.01525 58 2
4793.737 298430 0.03558 152 1 7362.901 364142 0.01779 48 1
4859.577 300114 0.03480 131 1 7370.719 364342 0.01681 48 2
4863.604 300217 0.03538 288 1 7437.457 366049 0.01466 37 2
4884.597 300754 0.03265 226 1 7651.398 371521 0.01329 37 2
5261.299 310389 0.02913 35 1 7715.639 373164 0.01701 133 1
5923.378 327323 0.02913 21 1 7745.935 373939 0.01310 47 2
5942.414 327810 0.02502 93 1 7942.947 378978 0.01173 41 2
5943.704 327843 0.02483 137 1 8077.636 382423 0.00977 39 2
5977.484 328707 0.02405 120 1 8394.755 390534 0.00762 35 2
5979.361 328755 0.02424 91 1 9168.884 410334 0.00469 60 1
5980.416 328782 0.02365 50 1 9177.642 410558 0.00450 93 1
5986.360 328934 0.02502 44 1 9543.434 419914 -0.00059 20 3
5993.357 329113 0.02326 42 1 9543.473 419915 -0.00039 17 3
5995.389 329165 0.02287 177 1 9543.512 419916 -0.00020 27 3
5996.367 329190 0.02346 156 1 9543.512 419916 -0.00020 7 3
6014.312 329649 0.02287 34 1 9544.529 419942 0.00000 90 3
6186.380 334050 0.02209 63 1

Table 2

THE NEW 55 TIMES OF MAXIMUM LIGHT, A NEW EPOCH, O-C,

NUMBER OF OBSERVATIONS, AND DATA SOURCE

1: AAVSO, 2: ASAS-SN, 3: KAO.
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. 03909783080262443125HJDmax E..  (2)

The 55 new times of maximum light obtained for BL Cam are presented in

Table 2. The least-squares fit for O-C with the root mean square 95402 .R   is

      . 10692757310150349510149947 21382 E.E..CO   (3)

The quadratic trend in O-C data reflects a regular period decrease or increase.

After constructing the O-C diagram, we found the decreasing period rate given

by the equation

. yrs05-0.14378E02-E170280  .dtdp

The standard deviation of the residuals of a quadratic fit to the O-C values

is 0d.002, with a correlation coefficient of 0.97.

3. Spectroscopic analysis. We observed BL Cam covering the spectral

ranges 3360-5870 Å  and 5300-9180 Å , with spectral resolutions of ~1000. The

spectra were taken with the Kottamia Faint Imaging spectropolarimeter (KFISP)

mounted on the 1.88 m telescope at Kottamia Astronomical Observatory (KAO) for

a single night on November 25, 2021. The data were reduced using the Astropy-

affiliated package CCDPROC [18]. We used the LACosmic routine [19] to remove

cosmic rays from the images processed by Astro-SCRAPPY [20]. A particular

Python routine was used to extract the spectra and calibrate the wavelength. Using

IRAF, the spectra were flux calibrated. The signal-to-noise ratio was calculated with

the specutils snr derived function [21]. Table 3 shows the log of the spectroscopic

observations, and we plotted the BL Cam spectra in Fig.5. The upper panel

represents the blue region, while the lower panel represents the red region.

We created a small grid of synthetic spectra from LTE model atmospheres

with the effective temperature range of 100006000  effT  K. We adopted ATLAS9

grids [22] as input models for LTE computations, assuming solar metallicity, a

microturbulent velocity of 2 km/s, and a mixing length to scale height ratio of

Time (UT) HJD- Phase Exposure Standard  Range R Airmass Average
2450000 (s) Star S/N

21:29:32.96 9544.39554 0.376 900 HR9087 3360-5870 1025 1.198 113.9
21:59:40.35 9544.41644 0.939 900 HR9087 3360-5870 1025 1.206 113.3
22:25:30.52 9544.43438 0.406 900 HR9087 3360-5870 1025 1.220 105.5
23:01:03.12 9544.45906 0.931 900 HR9087 3360-5870 1025 1.252 108.0
21:17:03.84 9544.38687 0.598 600 HR9087 5300-9180 1133 1.198 146.0
21:48:45.29 9544.40886 0.133 600 HR9087 5300-9180 1133 1.202 166.2
22:15:05.11 9544.42714 0.592 600 HR9087 5300-9180 1133 1.213 159.0
22:44:36.40 9544.44764 0.223 600 HR9087 5300-9180 1133 1.235 189.6

Table 3

OBSERVATION LOG OF THE BL Cam SPECTRA
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1.25. The effective temperatures span the model grid's temperature range of 250

K. The surface gravities of the models are of 5log1  g . We used the SPEC-

TRUM code [23,24] to synthesize the LTE spectra (for the range Å80001500 ).

SPECTRUM takes the depth points, temperatures, and total pressure and calculates

them at each stage using a system of seven nonlinear equilibrium equations.

We developed a FORTRAN code that compares the flux values at each point

on the observed and theoretical spectra. It then tabulates the differences to produce

a single number that characterizes how good the fit is. The synthetic spectra are

convolved with a Gaussian profile with Å5FWHM . We adjusted the wavelength

scale to begin comparing the observed and theoretical spectra. After that, we

developed a code that minimizes the Euclidian distance between the observed and

theoretical spectra to compare the grid with the observed spectra. The equivalent

Fig.5. The observed spectra of BL Cam in the blue (upper panel) and red (lower panel) bands

at different phases.
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Fig.6. Comparison of observed line profiles at differ-

ent phases with that from synthetic spectra for the star

BL Cam.
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widths of the spectral lines are calculated numerically using the Runge-Kutta

technique.

Following the above procedure, we calculated the star's effective temperatures

and surface gravities at different phases listed in Table 4. The mean effective

temperature and surface gravity are adopted as T
eff

 = 7625 ± 300 K and logg = 4.30

± 0.37. Fig.6 shows the best fit of spectral lines  H ,H ,H ,H  at different phases

in both the red and blue parts of the spectrum. In most cases, we obtained a

good fit for the line centers, while the significant difference between the observed

and the synthetic spectra occurs for the line wings.

4. Physical parameters and the evolution state. We computed the

physical parameters of BL Cam using the mean photometric colors, effective

temperature, and the parallax. Adopting the effective temperature as T
eff

 = 7625 ±

300 K, we calculated the bolometric correction as BC = -0.089 [25]; the star's

absolute magnitude and bolometric magnitude in the visible filter as M
V

 = 3.426

± 0.061 and M
bol

 = 3.337.

The stellar radius is calculated from a polynomial fit to the temperature-radius

relation of [23] as 03204941 ..RR  . The masses M can be calculated from

the equation by [26] ( bolMM 0.10-0.46log  ) as 1.338MM  , and the luminos-

ity is 6423.LL  . The pulsational constant Q could be determined using the

Phase T
eff
 (K) log g

0.376 8000 4.0
0.406 8000 4.0
0.939 7750 4.0
0.931 7750 4.0
0.598 7250 4.5
0.592 7250 4.5
0.133 7500 4.5
0.233 7500 5.0
Mean 7625±300 4.30±0.37

Table 4

EFFECTIVE TEMPERATURES AND SURFACE GRAVITIES AT

DIFFERENT PHASES OF BL Cam

T
eff
 (K) MM / LL /log RR/ M

bol
logg Age(yr) Q (days)

7625 1.68 0.957 1.69 2.335 4.3 2.295 Gy 0.025

Table 5

PHYSICAL PARAMETERS OF BL Cam
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Star name T
eff
 (K) logg Ref.

SX Phe 7850 4.2 30
KZ Hya 7650 4 31
CY Aqr 7930 4.13 32
BS Tuc 7250 3.75 33
DY Peg 7800 4 32
XX Cyg 7530 3.66 34

Table 6

EFFECTIVE TEMPERATURES AND SURFACE GRAVITIES

OF SIX SX Phe STARS

Fig.7. Locations of the BL Cam on the mass-luminosity (upper left panel) and temperature-

radius (upper right panel) diagrams of [28] evolution models, and temperature-gravity (lower left

panel), temperature-luminosity (lower right panel) of [28] evolution models for the metallicity

Z = 0.03 (solid lines), and Z = 0.019 (dashed lines).
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Consequently, the Q value of  f
1
 is 0.025(17), which is within the theoretical

range, 0.0096 < Q < 0.067, for the fundamental mode by [27]. The results are

presented in Table 5; for the low-frequency pulsations ( 25 c/d).

In Fig.7, we plotted the mass-luminosity relation (M-L) and mass-radius

relation (M-R) for both zero-age main-sequence stars (ZAMS) and terminal-age

main-sequence stars (TAMS) with metallicity Z = 0.014 from the grid of [28]. The

locations of BL Cam on the two diagrams are close to the ZAMS track, indicating

an unevolved star.

Also, Fig.7 (lower left panel) illustrates the position of BL Cam and six SX Phe

variables on the log T
eff

 - logg diagrams for the masse tracks  MM 21.4  . The

parameters of BL Cam agree well with those predicted for SX Phe candidates listed

in Table 6 [29]. The tracks are plotted for the metallicity values Z = 0.019 ([Fe/H]

= -1.61) and Z = 0.03 ([Fe/H] = -1.41). In the lower right panel of Fig.8, we plotted

the isochrones appropriate for the effective temperature and luminosity of BL Cam.

In this figure, we can notice that the star crossed the instability strip's red edge (RE).

From this diagram, the age of BL Cam could be determined as 2.295 GY.

5. Conclusion. We thoroughly analyzed the star BL Cam using photometric

and spectroscopic observations obtained at the Kottamia observatory. According to

the Fourier analysis of the light curves, the fundamental mode is independent

pulsation mode at 25.14427 c/d and three harmonics, 51.112 c/d, 33.388 c/d, and

17.72464c/d. We combined the new times of maximum light with those provided

by previous literature to perform an O-C analysis for the period change for BL

Cam, yielding 55 times of maximum light. The variation rate of the fundamental

period derived from the long-time scale of observations shows a negative period

change ( 05-14002-170280 E.E.dtdp  s/yr).

We used LTE model atmospheres to simulate the observed spectra. The effective

temperatures and surface gravities at different phases are calculated by comparing the

spectra to the appropriate synthetic spectra. We adopted the effective temperature and

surface gravity of BL Cam as T
eff

 = 7625 ± 300 K and logg = 4.30 ± 0.37, which is

in good agreement with earlier studies. We located the star's physical parameters

on the evolutionary models to investigate its evolution state. The calculated mass

(1.68 M ) is in good agreement with mass tracks around 1.6 M  and higher than

the possible masses (  M.M 411.0  ) of the SX Phe stars predicted by [29].
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ÔÎÒÎÌÅÒÐÈ×ÅÑÊÈÉ È ÑÏÅÊÒÐÎÑÊÎÏÈ×ÅÑÊÈÉ
ÀÍÀËÈÇ ÇÂÅÇÄÛ ÒÈÏÀ SX Phe BL Cam

Ì.ÀÁÄÅË-ÑÀÁÓÐ, Ì.È.ÍÎÓ, À.ØÎÊÐÈ, Ã.Ì.ÕÀÌÅÄ,
Õ.À.ÈÑÌÀÈË, À.ÒÀÊÅÉ, Ñ.À.ÀÒÀ, È.ÇÅÀÄ

Â íàñòîÿùåé ðàáîòå ïðåäñòàâëåíû ôîòîìåòðè÷åñêèå è ñïåêòðîñêîïè÷åñêèå

íàáëþäåíèÿ ïóëüñèðóþùåé çâåçäû BL Cam, ïîëó÷åííûå 1.88-ìåòðîâûì

òåëåñêîïîì â àñòðîíîìè÷åñêîé îáñåðâàòîðèè Êîòòàìèÿ (KAO). Ôóðüå-àíàëèç

êðèâûõ áëåñêà ïîêàçûâàåò ÷àñòîòó 25.14427 ö/ñóò, ñ ãàðìîíèêàìè 51.112 ö/ñóò,

33.388 ö/ñóò è 17.72464 ö/ñóò. ×àñòîòà 31-32 ö/ñóò, î êîòîðîé ñîîáùàåòñÿ â

ëèòåðàòóðå, íå îáíàðóæåíà â íàøèõ äàííûõ, çà èñêëþ÷åíèåì ÷àñòîòû, áëèçêîé

ê 33.3882934 ö/ñóò. Â îáùåé ñëîæíîñòè ïðåäñòàâëåíî 55 íîâûõ ìàêñèìóìîâ

áëåñêà. Íîâîå çíà÷åíèå (1/P) dP/dt îöåíèâàåòñÿ ñ èñïîëüçîâàíèåì äèàãðàììû

O-C, îñíîâàííîé íà âñåõ âíîâü ïîëó÷åííûõ âðåìåíàõ ìàêñèìóìîâ â ñî÷åòàíèè

ñ ïåðèîäàìè, âçÿòûìè èç ëèòåðàòóðû, ïðåäïîëàãàÿ, ÷òî ïåðèîäû óìåíüøàþòñÿ

è èçìåíÿþòñÿ ïëàâíî. Èñïîëüçóÿ ìîäåëüíûé àíàëèç àòìîñôåðû, âû÷èñëåíû

ýôôåêòèâíàÿ òåìïåðàòóðà è óñêîðåíèå ñèëû òÿæåñòè T
eff

 = 7625 ± 300 K è logg

= 4.30 ± 0.37 dex. Áîëîìåòðè÷åñêàÿ âåëè÷èíà M
bol

 = 2.335, ðàäèóñ R.R 691 ,

ñâåòèìîñòü L.L 9570 , ìàññà M.M 681 , êîíñòàíòà ïóëüñàöèè Q = 0.025

ñóò. Ðàñïîëîæåíèå çâåçäû íà äèàãðàììàõ M-R è M-L óêàçûâàåò íà òî, ÷òî

îíà íàõîäèòñÿ áëèçêî ê  ZAMS è ÿâëÿåòñÿ íå ýâîëþöèîíèðîâàííîé çâåçäîé.

Êëþ÷åâûå ñëîâà: çâåçäû: ïåðåìåííûå: çâåçäû òèïà SX Phe: ÷àñòîòíûé àíàëèç

      ïóëüñàöèé: àíàëèç ìîäåëåé àòìîñôåð
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