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DISCOVERY OF A SHORT-PERIODIC PULSATING COMPONENTIN THE ALGOL-TYPE ECLIPSING BINARY SYSTEM TU HerLAMPENS, P.1; VAN CAUTEREN, P.2; STRIGACHEV, A.3; KIM, S.-L.4; KANG, Y. B.4; KOO,J.-R.4; MKRTICHIAN, D. E.5;61 Koninklijke Sterrenwaht van Belgi�e, B{1180 Brussel, Belgium (email : patriia.lampens�oma.be)2 Beersel Hills Observatory, Laarheidestraat 166, B-1650 Beersel, Belgium3 Institute of Astronomy, Bulgarian Aademy of Sienes, 72 Tsarigradsko Chausse Blvd., 1784 So�a, Bulgaria4 Korea Astronomy Observatory, Daejeon, 305-348, Korea5 ARCSEC, Sejong University, Seoul, 143-747, Korea6 Astronomial Observatory, Odessa National University, Shevhenko Park, Odessa, 65014, UkraineAs a part of international photometri survey projets to searh for A-type pulsatingomponents in elipsing binary systems (Mkrtihian et al. 2002; Kim et al. 2003), wemonitored several andidate targets during spring 2004 using telesopes aross Europe andin the US. The instruments used were the 1.0 m telesope of the Universit�atssternwarteHoher List (OHL, Bonn, Germany), the 1.3 m Rithey-Chr�etien telesope of the Ski-nakas Observatoryy (SKI, Crete) the 1.0 m telesope of the Mt. Lemmon Optial As-tronomy Observatory (LOAO, USA) and the 0.4 m telesope of the Beersel Hills Obser-vatory (BHO, Belgium). These telesopes were respetively equipped with the 2K�2KHoLiCam CCD (OHL), a 1K�1K CH360 CCD (SKI), a 2K�2K CCD (LOAO) and a1.5K�1K ST-10 CCD (BHO).The elipsing binary system TU Her was monitored during 1 (partial) night at theHoher List Observatory (�lter Johnson V ), three (partial) nights at Beersel Hills Ob-servatory (�lters Johnson V and B), 1 (full) night at the Skinakas Observatory (�lterJohnson B) and two (partial) nights at Mt. Lemmon Observatory (�lter Johnson B). Intotal we observed two elipses and obtained out-of-elipse data during the remaining fournights. The same omparison star C1 was used at all the sites. Additional omparisonstars were observed when the CCD's �elds were suÆiently large (larger than 8:05�8:05).From the �rst runs at BHO we suspeted small-amplitude short-periodi osillations inthe light of TU Her (f. Fig. 2, upper left panel). Follow-up observations to on�rm theserapid variations were next performed at Skinakas and Mt. Lemmon in June and July2004. These data are available upon request.Standard aperture photometry was applied to all the frames to obtain di�erential in-strumental magnitudes with respet to C1 as well as a few other omparison stars. Fig. 1displays a sample CCD image of the �eld. Also indiated are the positions of the ompar-ison and hek stars. Several light urves aquired in the V and B passbands are shownin Figs. 2 and 3. From the out-of-elipse light urves one an learly distinguish short-periodi osillations with a peak-to-peak amplitude of about 0.02 mag. A preliminaryanalysis of the data out-of-elipse shows a main periodiity near 18 (� 0.2) /d with asemi-amplitude of only 4-5 mmag.
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Figure 1. Field of the elipsing binary TU Her (�eld size is 240�160). The omparison (C1) and hekstars (C2,C3,C4) are also marked. North is up and east is to the left.
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Figure 2. Light urves obtained at Beersel Hills, Skinakas and Hoher List observatories: di�erentialmagnitudes between the variable star TU Her and the main omparison star, �V (V�C1) resp.�B(V�C1). In one instane, the di�erential data of the hek star �V (C2�C1) are displayed foromparison (lower left). On 01/02-04-2004, a total primary elipse was observed (lower right).
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Table 1. Photometri properties of target and omparison stars from the Tyho-2atalogue (ESA 1997)
ID Name/GSC RA (J2000) DEC (J2000) VT (BT � VT ) ObservatoryVAR TU Her 17h13m35:s37 +30Æ42036:000 11:m153 0:m123 allC1 02591-00191 17h13m58:s96 +30Æ45016:003 10:m597 -0:m197 allC2 02591-00264 17h14m03:s35 +30Æ36045:009 11:m225 0:m852 BHO; LOAOC3 02591-00115 17h13m01:s78 +30Æ43016:000 11:m473 0:m522 LOAOC4 02591-00161 17h13m48:s44 +30Æ44035:005 (12:m9) { OHL
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Figure 3. Two light urves obtained at Mt. Lemmon Observatory: di�erential magnitudes betweenthe variable star TU Her and the main omparison star, �B(V�C1). Di�erential data of the hekstar, �B(C2�C1), are displayed in the lower panels for omparison.
Total elipses were observed on two oasions: on the night of April 01/02, 2004 atOHL and on the night of July 28/29, 2004 at BHO (see also Fig. 4). These phenomenawere used to ompute two new times of mid-elipse. TU Her, with a period of 2.2671 daysin the GCVS atalogue (Kholopov et al. 1988), shows a rapidly dereasing orbital pe-riod (Shengbang 2000). Table 2 lists the new times and their residuals with respet tothe quadrati ephemeris determined by Shengbang (2000) (f. equ. 6). The inreasingresiduals indiate that the observed times (again) deviate from their expeted values.The new pulsating variable star is lassi�ed as of spetral type A5 (SIMBAD, CDS),but also F0 III/IV (Halbedel 1984). In view of the similarity between the harateristisof the shown light urves and those typial of a Æ Suti star (period, amplitude), thespetral type and the semi-detahed binary on�guration, we propose that TU Her is anew member of the group of mass-areting pulsating omponents in Algol-type elipsingyThe Skinakas Observatory is a ollaborative projet of the University of Crete, the Foundation for Researh andTehnology { Hellas, and the Max-Plank-Institut f�ur Extraterrestrishe Physik.
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Table 2. Times and residuals for two new mid-elipse events of TU HerHJD � error Min. Cyle Nr. Predited HJD (O � C)2453097.5800 � 0.0008 I 6897 2453097.4651 0.11492453215.4615 � 0.0005 I 6949 2453215.3429 0.1186

215.40 215.45 215.50
  HJD - 2453000.                                                                        
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Figure 4. Light urve obtained at BHO showing a total elipse of TU Her.
binary systems (oEA stars; f. Table 3 in Mkrtihian et al. 2004). Thus the number ofknown oEA stars is presently thirteen, inluding the reent disoveries of four new oEAstars during this same year (Caton 2004; Kim et al. 2004a, 2004b).Aknowledgements We thank Prof. I. Papamastorakis, diretor of Skinakas Obser-vatory, Dr. I. Papadakis and Dr. K. Reif, diretor of the Sternwarte Hoher List for thealloated telesope time and the hospitality. PL and AS aknowledge support from theBelgian Siene Poliy and from the Bulgarian Aademy of Sienes (projet BL/33/B11).PL and PVC are grateful to the Fund for Sienti� Researh (FWO) - Flanders (Belgium)(projet G.0178.02). Part of these data were aquired with equipment purhased thanksto a researh fund �naned by the Belgian National Lottery (1999). We made use of theSIMBAD database from the Centre de Donn�ees Astronomiques, Strasbourg, Frane.
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