
COMMISSIONS 27 AND 42 OF THE IAUINFORMATION BULLETIN ON VARIABLE STARSNumber 5640 Konkoly ObservatoryBudapest3 August 2005HU ISSN 0374 { 0676NEWLY DISCOVERED VARIABLE STARS IN THEGLOBULAR CLUSTERS NGC 5634, ARP 2 AND TERZAN 8SALINAS, R.1;2; CATELAN, M.1; SMITH, H. A.3; PRITZL, B. J.4; BORISSOVA, J.51 Ponti�ia Universidad Cat�olia de Chile, Departamento de Astronom��a y Astrof��sia, Av. Viu~na Makenna4860, 782-0436 Maul, Santiago, Chile; email: matelan�astro.pu.l2 Grupo de Astronom��a, Faultad de Cienias F��sias y Matem�atias, Universidad de Conepi�on, Conepi�on,Chile; email: rsalina�pu.l3 Department of Physis and Astronomy, Mihigan State University, East Lansing, MI 48824, USA;email: smith�pa.msu.edu4 Maalester College, 1600 Grand Avenue, Saint Paul, MN 55105, USA; email: pritzl�maalester.edu5 European Southern Observatory, Av. Alonso de C�ordova 3107, 763-0581 Vitaura, Santiago, Chile; email:jborisso�eso.orgCosmologial arguments suggest that dwarf galaxies may onstitute the fundamentalbuilding blok of larger galaxies. Therefore, omparing the oldest stellar omponents ofgiant galaxies with those of their surrounding dwarf satellite galaxies may provide us withan exellent opportunity to empirially onstrain the extent to whih the dwarfs may haveplayed a role in assembling the giants. Unmistakably old and easy to identify in relativelynearby systems, RR Lyrae variables may prove of vital importane in this regard (Catelan2004; Kinman, Saha, & Pier 2004).In the ase of our own Milky Way, several previously unknown dwarf galaxies havereently been reported on in the literature, some of whih learly in the proess of beingengulfed by the Milky Way. A partiularly striking example is provided by the Sagittariusdwarf spheroidal galaxy (Ibata, Lewis, & Gilmore 1994). An important question one mustask is whether the ongoing Sagittarius merger is representative of the proess that led tothe formation of the Milky Way. In this sense, omparing the RR Lyrae variables inthe globular lusters whih have been suggested to be assoiated with Sagittarius (e.g.,Da Costa & Armandro� 1995; Dinesu et al. 2000; Bellazzini et al. 2002) and those inthe Galaxy's halo may shed light on whether the Galati halo globular luster systemoriginated from Sagittarius-like mergers. In the present note, we fous on four Sagittarius-related globulars, namely: Arp 2, Terzan 8, Palomar 12, and NGC 5634.NGC 5634 had seven previously known variables (Baade 1945), while Pal 12 had threereported variables (Kinman & Rosino 1962). Neither Arp 2 nor Terzan 8 have variablestars listed in the Clement et al. (2001) atalog.Our searh for variable stars in these lusters is based on images aquired on the Danish1.54m telesope in La Silla, Chile, over four onseutive nights, from June 27 to June 30,2003. In the ourse of these nights, the seeing onditions varied from 0.9 to 1.5 arse.The 2048� 2048 RINGO CCD was used. With a pixel sale of 0:00395, the total observed�eld was 13:05� 13:05.The total set of images onsists in 32 B, V pairs for NGC 5634, 37 pairs for Arp 2,27 pairs for Ter 8, and 34 pairs for Pal 12. In this note we shall restrit ourselves torelative-ux light urves based on the B-band images.
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Table 1. Loations and tentative periods for new variable stars in NGC 5634.Variable x(00) y(00) Period (d) TypeV8 55:3 �43:4 0.330 RRV9 0:4 �4:7 0.583 RRabV10 13:0 �0:8 0.646 RRabV11 10:7 7:9 0.660 RRabV12 �2:4 9:5 0.624 RRabV13 �14:2 12:6 0.645 RRabV14 21:3 18:6 0.720 RRabV15 7:9 18:6 0.852 RRabV16 9:9 31:6 0.670 RRabV17 �0:4 43:1 0.289 RRV18 �20:9 �38:3 0.325 RRV19 0:8 �26:1 0.296 RRV20 �7:9 0:0 0.648 RRabV21 �30:8 �28:0 0.0666 SX PheTable 2. Loations and tentative periods for new variable stars in Arp 2.Variable x(00) y(00) Period (d) Type NoteV1 �101:1 27:6 0.568 RRab Valenti's V4V2 �58:1 73:5 0.821 RRab Valenti's V5V3 160:4 �27:6 0.565 RRab Valenti's V25V4 223:2 1:2 0.458 RRab Valenti's V28V5 128:8 �327:5 0.763 RRabV6 �190:8 �100:7 0.445 RRabV7 289:1 288:0 0.530 RRabV8 4:0 �40:0 0.292 RRV9 97:6 �63:6 0.517 RRabV10 90:1 �125:2 0.0473 SX PheV11 20:9 68:3 0.0611 SX PheV12 �43:8 �237:0 0.0604 SX PheTable 3. Loations and tentative periods for new variable stars in Terzan 8.Variable x(00) y(00) Period (d) Type NoteV1 �113:4 �187:6 0.686 RRab Montegri�o's 117V2 124:0 �23:3 0.392 RR Montegri�o's 1350V3 �179:0 �193:2 0.601 RRabV4 95:6 37:1 0.0616 SX Phe

Using the image subtration tehnique (ISIS v2.1; Alard 2000), we were able to re-disover six of the seven known variables in NGC 5634, and to disover 14 new variablesin the luster. In Arp 2, we disovered 8 new variables and on�rmed 4 previously reportedones (Valenti 2001). Other variables reported by Valenti were not found to be variablein our data. In Ter 8 two new variables were found and a two more previously suspetedvariables (Montegri�o et al. 1998) were on�rmed. We do not on�rm the variable statusof stars V1, V2, and V3 that had previously been reported in Pal 12 (Kinman & Rosino1962).The loation, lassi�ation and tentative periods for the new variables in NGC 5634,Arp 2, and Ter 8 are given in Tables 1, 2, and 3, respetively. In these tables, the x andy oordinates are in arseonds with respet to the luster enters, as given in the onlineClement et al. (2001) atalog. Beause the time overage was not extensive, the periodsare probably good only to the third deimal plae, and some may atually be aliases ofthe orret period. Light urves based on the reported periods are shown in Figure 1for NGC 5634, and in Figure 2 for Arp 2 (�rst three rows) and Ter 8 (bottom row).
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Finding harts for the newly disovered variable stars in the three lusters are providedin Figures 3 (NGC 5634), Figure 4 (Arp 2), and Figure 5 (Ter 8).One of the variables found by Baade (1945) in NGC 5634, V7, ould not be on�rmed byour analysis. Likewise, the variable was not present in the Liller & Sawyer-Hogg (1976)analysis, although in their ase this was due to blending. Sine Alard's (2000) imagesubtration tehnique is partiularly powerful in the enter of onentrated lusters, weonlude that V7 is not a variable. For V2 in NGC 5634, we �nd that the period given byLiller & Sawyer-Hogg (P = 0:605148 d) does not give us a lean light urve; P = 0:601 dprovides a better solution. For the remainder of the variables, the periods that we foundare the same as in Liller & Sawyer-Hogg's study. Of the twelve variables disovered inArp 2, four (NV1-NV4) had previously been found by Valenti (2001). Two of the Ter 8variables (NV1-NV2) were previously identi�ed by Montegri�o et al. (1998). Sine theirstudies were based on very few datapoints, our periods represent a signi�ant improvementover the ones previously reported.Note that we detet andidate SX Phoeniis variables in NGC 5634, Arp 2, and Ter 8.Although their light urves tend to be a bit noisy, they are all loated in the blue stragglerregion in their respetive lusters' olor-magnitude diagrams (Salinas et al. 2005, inpreparation); together with their short periods, this suggests to us that their SX Phelassi�ation is reliable.In a future paper, we will attempt to inorporate additional data into our analysis,alibrate the light urves into standard magnitudes, onstrut Bailey diagrams and an-alyze the Sagittarius globular luster system in the ontext of the Oosterho� dihotomyand the formation history of the Milky Way (Catelan 2004, 2005).Aknowledgement: We thank C. Caiari and E. Valenti for interesting disus-sions. R.S. aknowledges support by FONDAP 15010003. M.C. aknowledges support byProyeto FONDECYT Regular No. 1030954. H.A.S. aknowledges the NSF for supportunder grant AST 02-05813.
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Figure 1. B-band di�erential light urves for six previously known RR Lyrae variables and fourteennewly disovered variables in NGC 5634.
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Figure 2. B-band di�erential light urves for the twelve variables deteted in Arp 2 and four variablesin Terzan 8 (last row).
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Figure 3. Top: Finding hart for newly disovered variable stars in NGC 5634. The �eld size isapproximately 40 � 30. North is up and East to the left.Bottom: Same as the upper plot, but zooming in on a entral region of approximately 10 � 10 in size.This plot illustrates the power of ISIS to reliably detet and perform relative photometry for variablestars in extremely rowded �elds.
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Figure 4. Finding hart for newly disovered variable stars in Arp 2.The �eld size is approximately130 � 130. North is up and East to the left.
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Figure 5. Finding hart for newly disovered variables in Terzan 8. The �eld size is approximately80 � 60. North is up and East to the left.


