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YY Boo is an Algol-type e
lipsing binary whi
h was dis
overed by Ho�meister (1949).G�otz and Wenzel (1969) determined the spe
tral type to be A4. Halbedel (1984) lists fourradial velo
ity measurements (ranging from �59.5 km/s to +29.9 km/s) and a spe
traltype A7 (III), while also possibly dete
ting an F or G type 
ompanion. The spe
traltype F9IV given by Simbad refers to the earliest possible spe
tral type of the 
ompanion(Halbedel, 1984). Be
ause of the spe
tral type of the primary 
omponent, it is a potentialos
illating Algol-type e
lipsing binary (oEA star, see Mkrti
hian et al., 2004). However itis neither listed in the re
ent 
atalogue of pulsating 
omponents in binary systems (Zhou,2010), nor as a 
andidate for pulsation in the 
atalogue of 
lose e
lipsing binary systemswith at least one 
omponent lo
ated in the lower Cepheid instability strip (Soydugan etal., 2006), probably due to its Simbad 
lassi�
ation as of spe
tral type F9IV.YY Boo was observed un�ltered out-of-e
lipse on February 5/6, 2010. Rapid variationswere dete
ted with an amplitude of � 0:1 mag and a period of around 88 minutes.Following this dete
tion, a follow-up 
ampaign was initiated using B and V �lters. The
ontributing observatories and the instruments used are listed in Table 1, as well asthe number of nights and hours the target was observed. The rapid variability was
on�rmed during the following nights. Standard aperture photometry was applied to allthe frames to obtain di�erential instrumental magnitudes with respe
t to the 
omparisonstars GSC 3059-614 and GSC 3059-615. A light 
urve a
quired in the B passband, afterremoval of a syntheti
 binary light 
urve (see below), is shown for illustration in Fig. 1.It is a typi
al light 
urve of a Æ S
uti star with a fairly high amplitude.After three months of intensive photometri
 observations, an almost 
omplete e
lips-ing binary light 
urve has been obtained in both �lters (see Fig. 2). Even during thedes
ending and as
ending bran
hes of the primary e
lipse, the pulsations 
ould be 
learly
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Figure 1. Light 
urve of YY Boo in B with a syntheti
 binary light 
urve subtra
ted. The full lineshows the light 
urve based on the elements listed in Table 2.
dete
ted (see Fig. 3). Without detailed radial velo
ity data it is diÆ
ult to determinean a

urate value of the mass ratio, and it is therefore not the purpose of this paper topresent a reliable binary solution. However the photometry is still useful to 
al
ulate arough binary model, whi
h 
an then be used to disentangle the pulsations and the varia-tions due to the binary motion. To 
al
ulate these binary model parameters the followingiterative method was used. In the �rst step, all data were used un
orre
ted in Phoebe(Pr�sa & Zwitter, 2005), to �nd initial parameters. The se
ond step was then to subtra
tthe syntheti
 light 
urve thus obtained from the data and use the points outside of theprimary and se
ondary e
lipses to 
al
ulate the pulsation parameters with Period04(Lenz & Breger, 2005). In step three, those pulsations were then subtra
ted from theoriginal data. For observations during primary e
lipse, a redu
ed amplitude was takeninto a

ount, as the primary is partly hidden by the 
ompanion. This redu
ed amplitude
an be 
omputed approximately by using the previously obtained syntheti
 light 
urveand the average radius of the primary (illustrated in Fig. 4; note that YY Boo is ratherfaint during primary minimum for the instruments used). This is stri
tly 
orre
t only ifthe light variations are 
aused solely by temperature 
hanges and if the dis
 has a uniformtemperature (disregarding limb darkening e�e
ts). In reality of 
ourse the star expandsand 
ontra
ts, and therefore the 
orre
tion is only an approximation. In prin
iple thiswould allow to measure the relative 
hange in radius of the primary during the pulsation
y
le and the phase of maximum radius (if the 
hange in temperature is known). Thisis however beyond the s
ope of this paper, as more pre
ise photometry is needed anddetailed spe
tros
opi
 observations are required as well. The slightly enhan
ed amplitudeduring the se
ondary e
lipse (be
ause the main star dominates the total light even more,as part of the light of the 
ompanion is blo
ked) has been negle
ted as the 
hange inbrightness is at most 3 mmag in both B and V , less than the pre
ision of the photome-
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Table 1: List of the instruments used for the observations.Observer Teles
ope Aperture Observatory CCD Filter Nights HoursInitials type (
m) (SBIG)HMB Catadioptri
 28 Mol, Belgium ST-10XME B 17 86.8PL & PVC Newtonian 40 R.O.B.-Humain ST-10XME V 6 35.3PL & PVC Refra
tor 18 R.O.B.-Humain ST-10XME V 2 7.4PL & PVC Newtonian 25 Beersel Hills ST-10XME V 5 14.0SK Catadioptri
 30 Zagori ST-7XMEI B 8 38.0SK Catadioptri
 30 Zagori ST-7XMEI V 11 57.9CWR Catadioptri
 40 SETEC ST-8XME B 4 28.8CWR Catadioptri
 30 SETEC ST-8XMEI V 3 20.6TK Catadioptri
 30 Astrokolkhoz ST-9XME B 5 13.9TK Catadioptri
 30 Astrokolkhoz ST-9XME V 5 14.0

try. With the light 
urve 
orre
ted for the pulsations, a new e
lipsing binary model wasthen 
al
ulated. Step two and further above were then repeated until 
onvergen
e wasobtained.
The resulting pulsation parameters are presented in Table 2. An ephemeris for thepulsation maxima was derived from our data, supplemented with SuperWASP data from2004 and 2007 (Norton et al., 2007), as follows:HJD Max Pulsation = 2455244:5033(1) + 0:d06128095(2)� E (1)Be
ause of the fairly large amplitude, the pulsation mode is most likely a radial one.For the 
al
ulation of the binary parameters, a semi-deta
hed 
on�guration was assumed,with the se
ondary �lling its Ro
he lobe. The following ephemeris (derived from our data)was used: HJD Min I = 2455265:3796(2) + 3:d933049(12)� E (2)The temperature T1 of the main 
omponent was taken to be 8000K in a

ordan
e withits mid A spe
tral type. Cal
ulations done using the Wilson-Devinney method as imple-mented in Phoebe (Pr�sa & Zwitter, 2005), resulted in the following model parameters(with formal un
ertainties): q = M2=M1 = 0:29� 0:01, i = 81:7� 0:1Æ, T2 = 4650� 10K,
1 = 7:03� 0:01. The un
ertainty on T1 is on the order of a few 100K and this will makethe real un
ertainties larger than the given values. The e
lipses are partial, with 92%of the pulsator's dis
 e
lipsed by the 
ompanion at minimum light. The limited radialvelo
ity data from Halbedel (1984), only four points, were not used for the modeling.After subtra
ting the syntheti
 binary model and the �t to the pulsations the residualstandard deviations (RMS) in both B and V are 7 millimag.YY Boo is a new member of the group of mass-a

reting pulsating 
omponents inAlgol-type e
lipsing binary systems (Mkrti
hian et al., 2004). As su
h, it has the se
ondlargest pulsation amplitude among the known oEA stars after BO Her (Sumter & Beaky,2007). It is therefore an ideal target to study the physi
al pulsation 
hara
teristi
s, takingadvantage of the 
hanging geometri
 aspe
ts. A further 
ampaign for spe
tros
opi
 follow-up has been started at the National Astrophysi
al Observatory (NAO) in Rozhen, in
ooperation with Dr. Z. Krai
heva et al. of the Institute of Astronomy (So�a, Bulgaria)..
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Figure 2. Phased light 
urve (upper panel) of YY Boo in B (lower 
urve) and V (upper 
urve) withthe pulsations as des
ribed by Table 2 subtra
ted. The full line shows the model binary light 
urve.The bottom panel shows the residuals with both the pulsations and the binary model subtra
ted.
Table 2: Pulsation frequen
ies and asso
iated parameters (details following the 
onvention of Period04(Lenz & Breger, 2005). Un
ertainties between bra
kets (in units of the last displayed de
imal) are derivedfrom Monte-Carlo simulations in Period04.Identi�
ation Frequen
y Filter Semi-amplitude Phase(
/d) (mmag) (HJD0 = 0)f 16.31828(2) B 58.4(2) 0.7830(6)V 39.6(2) 0.7829(10)2f 32.63656 B 4.2(3) 0.923(8)V 3.1(2) 0.924(13)
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Figure 3. Light 
urve of YY Boo in V during the des
ending bran
h of an e
lipse. The pulsations arestill 
learly seen during the fading.
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Figure 4. Light 
urve of YY Boo in V during primary e
lipse with a syntheti
 binary light 
urvesubtra
ted, based on 5-point averages (the un
ertainties shown are the standard deviation on theseaverages). The full line shows the theoreti
al pulsation light 
urve taking into a

ount that the primaryis partly hidden by the 
ompanion (see text for details). Note the larger error bars at the phase ofprimary minimum.



6 IBVS 5949
A
knowledgements:PL thanks the dire
tors of the Royal Observatory of Belgium (ROB) for pur
hasing andoperating an opti
al teles
ope at the radio-astronomy site of Humain under the proje
tname HOACS (Humain Opti
al Observatory for Astrophysi
s of Coeval Stars). TheHOACS data were a
quired with equipment pur
hased thanks to a resear
h fund �nan
edby the Belgian National Lottery (1999).PVC is grateful for support from Astrote
hniek and Baader Planetarium.Part of the data used in this study were obtained through AAVSONet, the Roboti
Teles
ope Network of the Ameri
an Asso
iation of Variable Star Observers.We have also used data from the WASP publi
 ar
hive in this resear
h. The WASP
onsortium 
omprises of the University of Cambridge, Keele University, University ofLei
ester, The Open University, The Queen's University Belfast, St. Andrews Universityand the Isaa
 Newton Group. Funding for WASP 
omes from the 
onsortium universitiesand from the UK's S
ien
e and Te
hnology Fa
ilities Coun
il.This work has further made use of the SIMBAD and VizieR databases operated atCDS, Strasbourg, Fran
e.

Referen
es:G�otz, V.W., Wenzel, W., 1969, Mitt. Ver�ander. Sterne, 5, 51Halbedel, E.M., 1984, PASP, 96, 98Ho�meister, C., 1949, Astron. Abh. Erg�anzungshefte z.d. Astron. Na
h., 12, No. 1, A3Kreiner, J., 2004, A
A, 54, 207Lenz, P., Breger, M., 2005, Comm. in Asteroseismology, 146, 53Mkrti
hian, D.E., Kusakin, A.V., Rodr��guez, E. et al., 2004, A&A, 419, 1015Norton, A.J., Wheatley, P.J., West, R.G. et al., 2007, A&A, 467, 785Pr�sa, A., Zwitter, T., 2005, ApJ, 628, 426Soydugan, E., Soydugan, F., Demir
an, O., Ibano�glu, C., 2006, MNRAS, 370, 2013Sumter, G.C., Beaky, M.M., 2007, IBVS, 5798Zhou, A.-Y., 2010, arXiv:1002.2729v2 [astro-ph.SR℄


