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UZ UMa: AN RRab STAR WITH DOUBLE-PERIODIC MODULATIONS�ODOR, �A.1; VIDA, K.2; JURCSIK, J.1; V�ARADI, M.1; SZEIDL, B.1; HURTA, ZS.2; D�EK�ANY, I.2;POSZTOB�ANYI, K.2; VITYI, N.2; SZING, A.3; KUTI, A.2; LAKATOS, J.2; NAGY, I.2; DOBOS, V.21 Konkoly Observatory of the Hungarian A
ademy of S
ien
es, P.O. Box 67, H-1525 Budapest, Hungary;e-mail: sodor, jur
sik, varadi�konkoly.hu2 E�otv�os Lor�and University, Department of Astronomy, P.O. Box 32, H-1518 Budapest, Hungary3 University of Szeged, Dept. of Exp. Physi
s and Astron. Obs., H-6720 Szeged, D�om t�er 9, HungaryUZ UMa was dis
overed to be variable by Baker (1938). He 
lassi�ed it as an irregularor semiregular type variable based on the photographi
 observations of Kapteyn. The
orre
t 
lassi�
ation (RRab) and period (P=0.4668795 d) were given by Meinunger (1968).UZ UMa was observed in the 
ourse of our survey of short period (Ppuls < 0:48 d),fundamental mode, northern RR Lyrae stars, that aims to determine the real in
iden
erate of Blazhko variables in this sample and to study the modulation properties in detail.The observations were made with the 60 
m automati
 teles
ope of Konkoly Observatory,Sv�abhegy, Budapest, equipped with a Wright 750�1100 CCD 
amera through a Cousins V�lter. 1584 brightness measurements were obtained on 30 nights between 27 January and23 May in 2006 (JD 2453763{878). Data redu
tion was performed using standard IRAF1pa
kages. As no appropriate 
omparison star was found in the �eld of view, magnitudedi�eren
es of UZ UMa from the average magnitude of 5 neighboring stars (GSC 21322-01261, GSC 21322-014531, GSC 21322-01252, GSC 21322-014679 and GSC 21322-01255)were 
al
ulated in order to redu
e the noise of the 
omparisons' magnitudes. Instrumentalmagnitude di�eren
es of UZ UMa are given in Table 1, available only ele
troni
ally.2The following elements for light maxima were derived:tmax[HJD℄ = 2453763:3368 + 0:4668413 d � EThe original light 
urve and the light 
urve prewhitened with the pulsation frequen
yand its harmoni
s phased with the pulsation period are shown in Fig. 1{2. The plots
learly show the sign of the Blazhko modulation. The residual light 
urve indi
ates thatthe modulation is the largest on the rising bran
h and around maximum brightness,signi�
ant 
hanges in the shape of the bump pre
eding minimum light also o

ur. Thelight 
urve is the most stable at minimum and on the mid part of the des
ending bran
h.The Fourier spe
trum of the light 
urve prewhitened with the 18 harmoni
s of the pul-sation shows a 
omplex stru
ture of peaks around the pulsation frequen
ies. We assumethat the Blazhko modulation 
an be des
ribed with the same, symmetri
 pattern of mod-ulation frequen
y 
omponents of the residual spe
trum around the frequen
y 
omponentsof the pulsation. In this 
ase the true modulation frequen
y 
an be identi�ed more 
learly1IRAF is distributed by the National Opti
al Astronomy Observatories, whi
h are operated by the Asso
iation ofUniversities for Resear
h in Astronomy, In
., under 
ooperative agreement with the National S
ien
e Foundation.2Available on the IBVS website as 5705-t1.txt.
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in a 
umulative spe
trum de�ned as the sum of the two sides of the spe
trum's segmentsin the vi
inities of the pulsation peaks up to a given order a

ording to the followingformula: A0(f) = nXi=1 [A(i � fp + f) + A(i � fp � f)℄ ; f < fr:A(f) is the original spe
trum, fp is the pulsation frequen
y, i is the harmoni
 order, fr isthe length of the examined frequen
y range and A0(f) is the yielded 
umulative spe
trum,whi
h has better S/N properties than the original spe
trum.
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urve of UZ UMa phased with the pulsation period.
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pulsation phaseFigure 2. The prewhitened V light 
urve of UZ UMa phased with the pulsation period.
The 
umulative spe
trum of the prewhitened light 
urve shows two modulation peaksof di�erent shapes, one at 0.065 
/d and another, wider 
omponent at around 0.03 
/d(see Fig. 3). The wideness of this latter frequen
y 
omponent indi
ates that there mightbe some di�eren
es in its position in the di�erent harmoni
 orders and at the di�erentsides of the pulsation 
omponents. However, to examine this possibility in more detail amore extended dataset is needed.
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umulative residual spe
trum of UZ UMa summed for the �rst 8 pulsational harmoni
s.
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Figure 4. The light 
urves in di�erent phases of the 26.7-day and 143-day modulations after removingthe modulation 
orresponding to the other modulation period. In the ele
troni
 edition animated�gures of the modulations are available.
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In a

ordan
e with the two frequen
y peaks appearing in the 
umulative residual spe
-trum, the light 
urve of UZ UMa 
annot be �tted with the required a

ura
y assuming asingle modulation period. Instead, even with two di�erent modulation periods the resid-ual s
atter remains larger than observational ina

ura
ies would explain. Though themodulations of many Blazhko stars are known not to be stri
tly regular, the light 
urveof only XZ Cyg (LaCluyz�e et al., 2004) has been previously des
ribed by two pairs ofequidistant modulation 
omponents.Data analysis was performed using the utilities of the program pa
kage MUFRAN(Koll�ath, 1990). First we determined the modulation frequen
y values, fmod1 and fmod2simultaneously through an iterative pro
ess, as the frequen
ies that yield the best �t to theresidual light 
urve prewhitened by the pulsation frequen
y 
omponents up to the 18 thharmoni
s. The modulation 
omponents up to the 8 th harmoni
 order and also fmod1and fmod2 were 
onsidered. The following modulation frequen
ies were thus determined:fmod1 = 0:0374 
=d and fmod2 = 0:0070 
=d (Pmod1 = 26:7 d and Pmod2 = 143 d). If themodulation frequen
ies are not determined simultaneously but in 
onse
utive steps, thenvery similar results arise. The �rst modulation frequen
y is then at 0.0372 
/d, and theother modulation frequen
y gives the best �t with 0.0065 
/d value. The observations spanover only 115 days, thus the period of the se
ondary modulation is somewhat un
ertain.Its value is most probably somewhere between 125 d and 170 d.The 0.017 mag r.m.s. s
atter of the residual indi
ates even more 
omplex behaviour ofthe modulation, but no further real frequen
y 
omponent 
an be resolved.In Kov�a
s (2005) it was noted that in 
ase of good data sampling the mean light 
urveof Blazhko stars 
an be used to de�ne the physi
al properties from the Fourier parametersof the light 
urve. We 
ame to the same 
on
lusion using the data of the small amplitudemodulation RRab stars: RR Gem and SS Cn
 (Jur
sik et al., 2005; Jur
sik et al., 2006).Based on the Fourier parameters of the mean light 
urve of UZ UMa [Fe/H℄ = �1:17 
anbe determined using the formulae of Jur
sik & Kov�a
s (1996). Our previous multi
olourmeasurements with the same instrumentation indi
ate that if instrumental v magnitudesare used instead of standard V magnitudes, then the 
al
ulated [Fe/H℄ overestimates themetal 
ontent only by 0:02� 0:04.A
knowledgements: The �nan
ial support of OTKA grants T-043504, T-046207 andT-048961 is a
knowledged.

Referen
es:Baker, E. A. 1938, MNRAS, 98, 65Jur
sik, J., & Kov�a
s, G. 1996, A&A, 312, 111Jur
sik, J., S�odor, �A., V�aradi, M., Szeidl, B., Washuettl, A. et al., 2005, A&A, 430, 1049Jur
sik, J., Szeidl, B., S�odor, �A., D�ek�any, I., Hurta, Zs. et al. 2006 AJ, in press (astro-ph/0603496)Koll�ath, Z. 1990, O

. Te
hn. Notes Konkoly Obs., No. 1,http://www.konkoly.hu/staff/kollath/mufran.htmlKov�a
s, G., 2005, A&A, 438, 227LaCluyz�e A., Smith, H., Gill, E-M., Hedden, A., Kinemu
hi, K. et al. 2004, AJ, 127,1653Meinunger, L. 1968, MVS 4, 7, 179


