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Abstract. We present 23 new times of maximum light of the SX Phoenicis star CY Aquarii. The O—C diagram reveals a new
value of the period® = 0061038394+ (!000000006 since 1996. CY Agr is the first SX Phe star where the major component

of the long-term period change can be represented without invoking large-amplitude period jumps. A linear period change
combined with the light-time fect in a highly-eccentric orbit yields a reasonably precise solution. The binary explanation,
however, does not account for the full magnitude of the period changes, and small residuals in the time interval 1930-1950
seem to remain.
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1. Introduction sk o

CY Aquarii (BD +0°4900) is a short-period (87.9 min) large- -2 | s "y T3 ot 1
amplitude (0.71 mag iV and 0.89 mag irB) SX Phoenicis  -11 | _ . N : L i
star. Since the discovery of its light variability in 1934, CY  _, f R . s e ° ]
Agr has been extensively observed for aimost seven decadés. | : 3 .3 : :

As the latest complete study on the long-term period change
of CY Aqr, Powell et al. (1995, hereinafter PJM) listed 472 in-
dividual times of maximum since the original epoch of max- '
imum light, including 88 new maximum times obtained over -6
a time interval of 20 years. After summarising fouffdrent -03 F
models for explaining the discrepancies between the obser\?edo.z .
and calculated times of maximum light, PIM concluded th&t o, |

the model of straight-line segments was to be preferred over 45 s e w1.65 o) e 18
the parabolic model, the binary hypothesis, and the explanation
with discontinuous phase jumps. In addition, PJM alluded to HJD —2452500

another change of period to be expected some time in the com-, . _—
ing years Fuget alp(1994) Zhou F(Jat al. (1999) and Fu (200 ’g.l. Differential light curves\() and color curvesg — V) for one
L - ' . . . Sihgle night.

respectively, provided 10, 4 and 1 new times of maximum I|ghst. gieng

In the present paper, we give the results of new observations

obtained since September 1999. In addition, we collected in

Table 1 times of maximum which were not in the list of PJM.W'th a ST.'7 CCD camera was used from Octobe_r 910 12,1999
in white light. At ESO La Silla Observatory (Chile), we used
the Danish 1.54-m telescope with DFOSC in JohrgandB

2. New observations bands in September and December 2002. For all these observa-

) tions, the constant star GSC 00567-0182611.57) was used
CY Agr was observed at Sierra Nevada Observatory (SNQ

. , .ds comparison. Figure 1 shows the light curve¥iand the
Spain) on September 10, 1999, with a 0.9-m telescope durlng 2/ color curves of one night obtained at La Silla.
test of a CCD camera. The John3aofilter was used. At Saint-

, . Table 2 lists the 23 times of maximum light determined
Veran Observatory (SVO, France), a 0.62-m reflector eqmpq,(regm all our observations, 1 time calculated from the Hipparcos

Send gfprint requests toJ. N. Fu, e-mail;jianfu@vub.ac.be data (Perry_man et al. _1997)' _and 2 times Obtain?d by Jiang
* Based in part on observations obtained at ESO La Silla, applid2003) at Xinglong station (China). From the E&Jime se-
tion 269.D-5038. ries, 16 times of maximum light were derived. The average

** Research Director, Belgian Fund for Scientific Research (FWO{lifference between a maximum time BhandV amounts to
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Table 1. The maxima of CY Agr in the literature but not in Table 1 of PJ,y is in HID—2 400 000. Band: visual, photographic or Johnson
V. Source: Ash= Ashbrook (1953), FJI= Fu et al. (1994), F& Fu (2000), GA= Gossner & Ashbrook (1946), ZE) Zhou et al. (1999).

Tmax Band Source Tmax Band Source Tmax Band Source Tmax Band Source
29079.8141 vis GA 31751.4716 vis GA 33171.7111 vis Ash 49281.139W FJL
29085.7353 vis GA 31751.5291 vis GA 33171.7737 vis Ash 49282.0540/ FJL
29085.7950 vis GA 31751.5302 vis GA 33172.7509 vis Ash 49282.1150/ FJL
29085.8545 vis GA 31758.3671 vis Ash 33179.5285 vis Ash 49282.176W FJL
29086.7710 vis GA 31759.5265 vis Ash 33180.3789 vis Ash 49283.031¥% FJL
29086.8314 vis GA 31765.5099 vis GA 33180.6860 vis Ash 49283.091%/ FJL
29088.7853 vis GA 31765.5107 vis GA 33183.5557 vis Ash 49328.9938/ FJL
29107.7670 vis GA 31765.5694 vis GA 33183.6161 vis Ash 50072.9916/ Fu
29108.7415 vis GA 31765.5696 vis GA 33185.5702 vis Ash 50401.012%/ ZFJ
31291.6650 pg Ash 32092.3061 Pg Ash 45972.1828V FJL 50401.0735 V ZFJ
31742.4357 vis Ash 32445.7198 vis Ash 49280.0396V FJL 50401.1345 V ZFJ
31750.4951 vis GA 33099.8081 vis Ash 49281.0776 V FJL 50401.9888 V ZFJ
31751.4676 vis GA 33171.6528 vis Ash

Table 2. New maxima of CY Agr. Symbols as in Table & = "white” light. Obs: Observatory (XL = Xinglong station, Hip =
Hipparcos satellite, SV& St. Véran, ESC= La Silla).

Tmax Band Obs Tmax Band Obs Tmax Band Obs Tmax Band Obs
45592.7682 V XL 51463.4468 w SVO 52539.6152 V ESO 52541.5683 V ESO
45904.2456 V XL 51 463.5085 w SVO 52539.6753 V ESO 52541.6293 V ESO
48022.0354 V Hip 52534.6710 V ESO 52539.7366 V ESO 52541.6900 V ESO
51432.5627 V SNO 52535.7086 V ESO 52540.6521 V ESO 52541.7514 V ESO
51461.4940 w SVO 52538.6990 V ESO 52540.7134 V ESO 52625.5569 V ESO
51462.4095 w SVO 52538.7600 V ESO 52540.7752 V ESO 52626.5339 V ESO
51463.3864 w SVO 52539.5534 V ESO

—-0700005:0700014, and the standard deviation on a single time o.04 | ]
of maximum determined from the ESO observation§@905.

A frequency analysis of ES¥ andB data was carried out
using PERIOD98 (Sperl 1998). One single dominant peak at
frequencyf = 16.3822+ 0.0002 d* was found. -

0.03

3. Analysis of the O—C diagram ‘

The O-C values of 548 times of 544 maxima (Table 1 of °°'
PJM plus Tables 1 and 2 of the present paper) were cal-
culated using the ephemeris of Mahdy & Szeidl (1980): ,t
HJD2426153185+ 0.06103832&, wherekE is the cycle num-

ber since HJD2426159.485. Figure 2 shows the resulting 0 10 20 30 40
O-C diagram. We made piece-wise linear fits in a similar way

as PJM, and obtained the five straight-line segments shown in Cycle Number (/10000)

Fig. 2.

The straight-line fit to all the available times of maximun:m_: i%tz-s(t)_pholi?gram Otf CE:’Y Aqr fort all a\;]ailable times of maximum
light yields the ephemeris formula Ight. Straight-lin€ Tits 1o 5 Segments 1S shown.

C = HID24261591967+ 0.061038371(, Q) i , )
whereg is the solution of Kepler’'s equation

by which the resulting O—C diagram displays a strong cyclic
variation. The residuals from a sine function fit show g_ esing = E(Pme—to) ©)
monotonous trend which can best be represented by a second- Porb

order polynomial (higher-order polynomials do not yield Sigg fitteq to the O~C points. Equation (2) is equivalent to Eq. (2)
mﬂcqntly better fits). . ] ] of Irwin (1952) and Eq. (1) of Ribas et al. (2002) and describes
Finally, a quadratic plus a function of sines of the form o light time éfect (wherePqp, is the orbital periodPpy the

1 pulsation period of the variable stdg;the time of periastron
C’ =HJDy + Ppu E + EﬂEz + Asing + Bcosg, (2) passage).
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Fig. 3. 0-C diagram of CY Aqr based on Eq. (1), the line is the fitted T w w ‘ ‘ — ]
light-time solution. 3 [ ]
%/ = xo ° ++ K SR 2 - Tér_j¢¢j+4+ov.,
Table 3. The 5 straight-line fits to the O—C diagram. - L o
: © s0f L N
Years HJID Period Ptrac 30000 40000 50000
(-2400000) (days) (16) JD-2400000
19301952 26 159'+4§61 0'061032507 —23 Fig. 5. Average O—C residuals, symbols as in Fig. 4.
1953-1966  35032.4057 0.061038360 -0.9
+2 +4 . .
1970-1988 40779.7763 0.061038303 5.1 since our data span only one cycle. This result, though seem-
+1 +2 ingly precise, should not be considered as an accurate solution
1989-1995 47792.7730 0.061038614 -3.6 of the orbital parameters, because the impact of the arbitrar-
+1 +5 ily chosen weights of the times of maximum is quite large.
1996-2002  50401.0127  0.061038394 The extreme case with all weights equal, for example, leads
+2 +6 to a solution withe = 0.70 + 0.0, Py, = 519 + 0.1 yr and

B=(-0.86+0.04)x 1013d.

The quadratic term leads to the rate of period change of
-0.02 s per century 0£1.9 x 1071° day yrt, which is incon-
The parameters of the 5 straight-line segments to the OsiStent with the evolutionary change calculated for early-post-
points in Fig. 2 are given in Table 3, which also lists thenain-sequence models (see, e.g., Breger & Pamyatnykh 1998)
fractional period changeBrac = (Pfinal — Pinitiat)/Pinitiar for  — though we insist to respect Breger & Pamyatnykh’s warning
1952, 1966, 1988, 1995. The first three values are compahat interpreting observed period changes as stellar evolution
ble to those of Coates et al. (1994) and PJM. As is very wedites is appropriate only when dealing with a group of stars
known, no models exist that can account for such abrupt periodhe same stage of evolution (hence their conclusion that ob-
changes. served period changes énScuti stars are caused by nonlinear

The sinusoidal oscillation is either caused by the light-tinfeulsation &ects rather than by an evolutionary mechanism).
effect in a binary system, or by the beatineet of two pulsa- Figure 4 shows the remaining residuals of the solution with
tion modes which have very close frequencies. For the modeparate symbols for theffiirent type of detector. Evidently,
beating model, the fitting of O—C points in Fig. 3 leads to #ne scatter around the zero line systematically decreases from
frequency separation of@ix 107> d1. photographic to CCD detectors. This is not surprising because

In order to solve the light-time curve for orbital paramnot only are the photoelectric detectors more accurate (com-
eters, one needs to assess the uncertainties of the indivich&kd to the non-linear response of the visual system and the
times of maximum. As discussed above, the standard deyifotographic plate), they also have a much higher quantum ef-
tion of a single time of maximum derived from our CCD dat#iciency which renders the exposure times much shorter and
amounts to about 45 s, however time series with lower teimence produce more accurate light curves. Indeed, long expo-
poral resolution and with lesdficient detectors will yield de- sure times (up to 30 min as mentioned byffiueister 1934)
viations of several minutes at least. PJM, for example, giveresult in much flatter light curves with times of maximum that
relative (but arbitrary) weight for the data they list. We first proare systematically earlier or later.
ceeded by giving all photoelectric data the same weight as our In order to verify whether all discrepancies can be ex-
own data, whereas photographic data were given a five tingained by the detector, we have plotted in Fig. 5 average resid-
smaller weight. The solution obtained with the computer codrmls derived from groups of 5 to 10 times of maximum belong-
of Ribas et al. (2002) results in a semiamplitudef0¥,e = ing to a same detector and a time interval of less than 20 days.
0.77+0.01, Porp = 525+0.3yrands = (-0.64+0.10)x1013d. Symbols have the same meaning as in Fig. 4, error bars do not
Remaining orbital parameters are embedded in théicants exceed the size of the symbol. It is evident that both the pho-
A andB, and it makes no sense to attempt a definite solutitmgraphic and visual results obtained between 1935 and 1950

4. Discussion
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display a same trend, which leads to the conclusion that tPelicy, European &airs, Science and Technology, under contract BIL

visual data are useful and should not be discarded (as was98I2 and by the Danish Natural Science Research Council through
ways done in the past), and also that the discrepancies canh@gentre for Ground-Based Observational Astronomy. JNF acknowl-
be assigned to the detector only. Indeed, the visual-data resiefies financial support from Laboratoire d’Astrophysique of Toulouse
als display a smaller range than the photographic data, and(apéervatory (France) for the observing missions at SNO and SVO, the

: . . . al support of Dr. R. Garrido at SNO and observing assistance by
gsgsir;%tgr?{ Zﬂgltf)éfescl:?r?::jsage perfectly compatible with ﬂll%. O. Thizy at SVO. The authors thank Prof. S.Y. Jiang for providing

2 unpublished times of maximum, and Dr. Ignasi Ribas for providing
the light-time computing code.
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