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THE BEAT CEPHEIDS NSV 6728, GSC 8607-0608, EY Car AND BE Pup
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ronos.be2 Grupo Wezen 1 88, Centro de Estudios Astron�omi
os (CEA), Liga Iberoameri
ana de Astronom��a (LIADA);e-mail: varsao�fullzero.
om.arThe online edition of the General Catalogue of Variable Stars (GCVS, Kholopov et.al.,2003) lists sixteen Gala
ti
 double mode or beat Cepheids (GCVS type CEP(B) orDCEP(B)). In addition to these sixteen stars, DZ CMa (Berdnikov and Turner, 1998)and HD 304373 (Beltrame and Poretti, 2002), have been found only re
ently to be beatCepheids. Two other stars, V371 Per (S
hmidt et.al., 1995) and BE Pup (Ha
ke andRi
hert, 1989), are suspe
ted of being double mode pulsators (Wel
h, 1998). Only CO Aurand HD 304373 are pulsating in the �rst and se
ond radial overtones, all other stars pul-sate in the fundamental (F) and �rst overtone (1O) modes.From the publi
ly available ASAS3 survey data (Pojmanski, 2002), we found that alsoNSV 6728, GSC 8607-0608 and EY Car are double mode Cepheids, pulsating in F and1O modes. In addition, we 
ould 
on�rm the double mode nature of BE Pup, so thatthe number of known Gala
ti
 beat Cepheids has now risen to 22. The sour
e data forBE Pup, GSC 8607-0608, EY Car and NSV 6728 
an be found at the ASAS3 home page.The ele
troni
 version of the IBVS 
ontains dire
t links. Fundamental data about thefour stars are listed in Table 1. It in
ludes values for the invariant Fourier parametersand for the generalized phase di�eren
e G1;1 of the 
ross 
oupling term f0+ f1 as de�nedby Poretti and Pardo (1997). Formal errors are given between parentheses in units of thelast signi�
ant de
imal.Table 1: Chara
teristi
s of the four new double mode CepheidsNSV 6728 GSC 8607-0608 EY Car BE PupV Range 9.75-10.35 10.70-11.40 9.90-10.45 13.0-13.9HJD Maximum 2452082.85 2452655.94 2451891.71 2452981.78Period F (d) 4.317(7) 4.089(3) 2.876(3) 2.870(3)Period 1O (d) 3.037(3) 2.869(4) 2.036(2) 2.048(2)Period ratio (1O/F) 0.7035(14) 0.7017(11) 0.7077(8) 0.7136(8)R21(F) 0.21(1) 0.18(2) 0.30(2) 0.39(12)R21(1O) 0.11(2) 0.07(2) 0.16(7) 0.46(25)�21(F) 4.40(3) 4.20(7) 4.01(5) 3.96(34)�21(1O) 4.97(7) 5.12(14) 4.60(44) 3.44(41)Amplitude ratio (1O/F) 0.61(1) 0.72(2) 0.22(2) 0.49(13)G1;1 4.31(5) 4.35(6) 3.90(6) 3.38(35)
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NSV 6728 (= BV 447 = GSC 8691-1294 = CPD�57 6710) was suspe
ted of variabilityby Strohmeier et al. (1964). Phase plots for the fundamental period and for the �rst over-tone, after prewhitening for the fundamental period and three harmoni
s, are presentedin Figs. 1 and 2.GSC 8607-0608 (= CPD�56 2913 = TDS 7069) is noted as either a fundamental or �rstovertone Cepheid by Pojmanski (2004). It is a double star (TDSC 28377, Fabri
ius et.al.,2002) with a separation of 0:009 and a primary star with VT = 11:44 and BT � VT = 1:26,and a se
ondary with VT = 11:86 and BT � VT = 1:17. Be
ause ASAS3 
annot resolvethis pair, it is impossible to determine whi
h of the 
omponents is variable. Be
ause ofthe period ratio of 0:7017 � 0:0011, it is however highly unlikely that both 
omponentsare normal single-mode Cepheids, rather than one being a beat Cepheid. The propermotions of the 
omponents given by TDSC are identi
al, so that it 
ould be a physi
alpair. Y Car, a spe
tros
opi
 binary (B�ohm-Vitense et al., 1997), has been the only knownbeat Cepheid in a multiple system (Szabados, 2003). The phase plots from ASAS3 datafor GSC 8607-0608 are given in Figs. 3 and 4.EY Car (= GSC 8957-1924 = HIP 52380) had been suspe
ted of being a beat Cepheidbefore, based on (sparse) data from Mit
hell et al. (1964). It was therefore observed byPike and Andrews (1979), and later also by Mantegazza and Poretti (1992), but theyfailed to dete
t the �rst overtone pulsation. Sin
e these authors observed the star for onlythree and two weeks respe
tively, and the �rst overtone period of EY Car turns out tobe 
lose to two days, the phase 
overage was poor. Combined with the small amplitudeof the �rst overtone variation, this explains why these authors did not �nd it. The staris also near the limiting magnitude of Hippar
os (ESA, 1997), so that it is not surprisingthis instrument did not reveal a se
ondary frequen
y. The phase plots from ASAS3 dataare given in Figs. 5 and 6.BE Pup is not 
atalogued in the GSC version 1, its GSC 2.2 position is �2000 =07h33m35:s486, Æ2000 = �25Æ50037:0018. It is near the faint limit for a

urate observationsof ASAS3. The errors in Table 1 and the s
atter in the phase plots in Figs. 7 and 8are therefore larger than for the other three stars. BE Pup was 
lassi�ed as a possiblepopulation II obje
t (GCVS type CWB:) by Fernie and Hube (1968), based on a dedu
eddistan
e of 400 p
 from the Gala
ti
 plane. However, no spe
tros
opi
 observations areavailable to 
on�rm this. Fernie and Hube (arbitrarily) 
hose 400 p
 as the lower limitfor population II obje
ts. BD Pup, 
lose to BE Pup, but at a distan
e of 390 p
 from theGala
ti
 plane, was 
lassi�ed as a population I Cepheid.The fundamental periods of BE Pup and EY Car are almost the same, but theirperiod ratios are signi�
antly di�erent. This indi
ates that there is no simple relationbetween the fundamental period and the period ratio, but an other parameter su
h asmetalli
ity is involved as well (Morgan and Wel
h, 1997). A plot of the period ratioagainst period for all known Gala
ti
 double mode (1O/F) Cepheids is given in Fig. 9.For previously known beat Cepheids, data from Wel
h (1998) have been used (points).The stars dis
ussed in this paper are denoted by 
rosses. Fig. 10 plots the values of thegeneralized phase di�eren
e G1;1 for the 
ross 
oupling term f0 + f1. Values are takenfrom Poretti and Pardo (1997), supplemented with values derived from the ASAS3 datafor some additional stars. The lowest value (with the largest error bar) is for BE Pup.
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Figure 1. ASAS3 phased light 
urve for the fun-damental period of NSV 6728. Figure 2. ASAS3 phased light 
urve for the �rstovertone period of NSV 6728 after prewhiteningwith the fundamental period and harmoni
s.
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Figure 3. ASAS3 phased light 
urve for the fun-damental period of GSC 8607-0608. Figure 4. ASAS3 phased light 
urve for the�rst overtone period of GSC 8607-0608 afterprewhitening with the fundamental period.
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Figure 5. ASAS3 phased light 
urve for the fun-damental period of EY Car. Figure 6. ASAS3 phased light 
urve for the�rst overtone period of EY Car after prewhiten-ing with the fundamental period and harmoni
s.
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Figure 7. ASAS3 phased light 
urve for the fun-damental period of BE Pup. Figure 8. ASAS3 phased light 
urve for the�rst overtone period of BE Pup after prewhiten-ing with the fundamental period and harmoni
s.
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 beat Cepheids. Figure 10. Plot of the phase di�eren
e G1;1 ver-sus fundamental period for 1O/F pulsators.
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