The X-Ra y P opulation in the Magellanic Clouds M.Tsujimoto 1 , K.Imanishi 1 , J.Y ok oga w a 1 and K.Ko y ama 1 2 1 Ky oto Universit y Dept. of Physics, Kitashirak a w a-Oiw ak e-c ho Sakyo-ku, Ky oto, 606-8502, Japan 2 CREST, Japan Science and T ec hnology Corp oration (JST), 4-1-8 Hommachi, Kaw aguc hi, Saitama, 332-0012, Japan Abstract. W e hav e systematically analyzed all the ASCA arc hiv al data of the LMC and the SMC to clar- ify the di�erence of their X-ray source p opulation. W e rev ealed extraordinary higher density of high mass X-ray binaries in the SMC. This indicates the SMC exp erienced an active star formation ep o ch some 10 7 years ago. 1. Introduction The p opulation of stars of v arious classes in a galaxy can giv e us clues to inv estigate its past activity . The X-ray binary pulsar is one such class, and great e�ort has b een paid to discov er b oth in and out of Our Galaxy . Contem- porary X-ra y satellites suc h as ASCA (Adv anced Satellite for Cosmology and Astroph ysics), ROSA T, XTE (X-ray Timing Explorer) and Bepp o-SAX enhanced the c hances of disco v ery with higher sensitivity , bringing ab out "pul- sar rush" in the Small Magellanic Cloud (SMC). The successive disco v eries of X-ray pulsars since the end of 1997 made us to pa y atten tion to this small galaxy along with its companion, the Large Magellanic Cloud (LMC). The enormous num b er of new pulsars in the SMC and only tw o in the LMC during this p erio d strongly infers the di�erence of X-ra y source p opulation b etw een these t w o galaxies. Our prior interest is to clarify the di�erence and to obtain any arguments to discuss their past activi- ties. F ortunately enough, the LMC and the SMC are suit- able targets to classify its X-ray sources and to com- pare their p opulation for several reasons. First, they are pro ximate to us so that X-ra y sources can b e separated from each other. Second, their distance from us are well- measured (50 kp c to the LMC and 65 kp c to the SMC), enabling us to conv ert observ ational v alues into physical v alues with fewer uncertaint y . Third, they are b oth lo- cated at high galactic latitude where there is less absorp- tion, and w e do not ha v e to worry ab out detection bias in fa v or of hard sources. In addition to these adv an tages, w e ha v e bulk of observ ations p erformed so far in these regions b y ASCA. T able 1. Num b er of Detected X-ray Sources by ASCA : W e �rst separated detected sources in to already cataloged sources and faint unknown sources for classi�cation. LMC SMC observ ations we used 40 8 detected sources 34 37 cataloged sources 23 21 unknown sources 11 16 In section 2, we presen t the ASCA data we used for this study . Using all these data, in section 3, w e classi�ed X-ra y sources in to four classes, making use of catalogs for bright sources and sp ectral hardness ratio for faint sources. In section 4, we compare the X-ra y p opulation of each galaxy and present the p eculiar p opulation of the SMC. In the last section, w e discuss this in asso ciation with their past activities. 2. ASCA Data ASCA has p erformed 42 p ointing observ ations in its ca- reer in the LMC , and 40 of them are in the archiv e. W e used these archiv al data to detect X-ray sources. In the SMC on the other hand, ASCA has p erformed 10 p oint- ing observ ations so far, and we used 8 of them whic h are at hand now. Figure.1 and 2 show the ASCA’s past obser- v ations of the LMC and the SMC resp ectiv ely . The optical main b o dy of b oth the galaxies are almost co v ered. W e set the criterion of S/N > 5 to extract X-ray sources from these observ ations, and detected 34 sources in the LMC and 37 sources in the SMC, including already classi�ed sources in the published catalogs and faint un- kno wn sources. 3. X-ray P opulation T o classify all sources listed in T able 1, we set four classes | SNRs ( Crab-lik e SNRs, or SNRs with a rotation- p ow ered pulsar inside are excluded.), high mass X-ra y bi- nary pulsars (HMXBPs), black hole candidates (BHCs), and Crab-like SNRs.

2 M.Tsujimoto et al.: The X-Ray Population in the Magellanic Clouds Fig. 1. The Mosaic Image of LMC in the ASCA hard band ( j2000 ): Circled �elds will b e cov erd in the next term of the observ ation. W e dealt already cataloged sources and faint unknown sources separately for classi�cation. { Already Cataloged Sources Brigh t sources are already well-studied case b y case. T o classify these sources, w e basically follo w ed the classi�- cation listed in the Einstein and ROSA T catalog [ 1 ] � [ 7 ] of their LMC and SMC survey . { F ain t Unkno wn Sources Sp ectrum plays k ey role to classify X-ray sources. F or instance, SNRs are represen ted by thermal plasma mo del, and HMXBPs by simple p o w er-la w with photon index of � 1. F or faint sources, ho w ev er, it is di�cult to follow this pro cess due to p o or statistics. As is al- ready shown in Y ok oga w a et al. in this pro ceeding, the sp ectral hardness ratio is another k ey to estimate the class of these faint sources. Hardness ratio is de�ned as har dness r atio = H � S H + S (1) where S and H are the bac kground subtracted photon counts of ASCA GIS soft band (0.7[keV] � 2.0[k eV]) and hard band (2.0[k eV] � 7.0[k eV]) resp ectively , and this parameter can b e calculated mo del-indep enden tly . F or the LMC and SMC X-ray sources, SNRs and HMXBPs falls on the SNR region and HMXBP region in the luminosity � hardness ratio diagram(Figure. 3). W e estimated faint sources on the SNR region to b e candidates for SNRs, and fain t sources on the HMXBP region to b e the candidates for HMXBPs. 4. Comparison of the LMC and the SMC Ou results listed in T able.2 clearly sho ws there exists a cer- tain di�erence in X-ra y source p opulation b et w een these the LMC and the SMC. The most p eculiar c haracteristic is that HMXBPs are quite p opulous in the SMC, partic- ulary when the mass ratio of these tw o (LMC : SMC = 10 : 1) is tak en into consideration. This c haracteristic is

M.Tsujimoto et al.: The X-Ray Population in the Magellanic Clouds 3 Fig. 2. The Mosaic Image of SMC in the ASCA hard band ( j2000 ) : Circled �elds will b e cov erd in the next term of the observ ation. T able 2. Classi�cation of X-ra y Sources Detected b y ASCA : The n um ber of cataloged sources are listed separately in each class. F or thermal SNR and HMXBPs, the n um ber of candi- dates are also sho wn in the parentheses class LMC SMC SNRs 14(+4) 6 (+0) HMXBPs 4(+1) 10 (+8) BHCs 2 0 Crab-like SNRs 2 0 reinforced further b y our discov ery of candidate sources belonging to this class. Since not all the galaxy is co v ered by ASCA y et, we should hav e also corrected for this. Our pro ject to cov er most of these t w o galaxies by ASCA in the next AO7 cycle will help resolv e this problem. 5. Discussion Our systematic analysis of the LMC and SMC sources re- v ealed there exists di�erence in X-ray source p opulation b etw een these tw o galaxies. The most apparent c haracter- istic is that HMXBPs are quite p opulous in the SMC. The typical lifetime of a HMXBP is ab out 10 7 y ear. The fact that the SMC has larger p opulation of this class implies this galaxy exp erienced an active star formation ep o ch which selectively pro duced bulk of high mass star binaries some 10 7 years ago. The LMC and the SMC are considered to ha v e exp e- rienced close encoun ter some 10 8 y ears ago [ 8 ] which trig- gered star formation lasting up to no w, and the ligh ter comp onent, the SMC, might hav e su�ered severer grav- itational instability through this in teraction. Our result migh t b e a snapshot of this SMC ev olution.

4 M.Tsujimoto et al.: The X-Ray Population in the Magellanic Clouds Fig. 3. Luminosity � Hardness Ratio Diagram : Luminosity (absorption not corrected) of LMC and SMC X-ra y sources are plotted against their sp ectral hardness ratio. Squares are for SNRs, triangles are for HMXBPs, crosses are for BHCs, stars are for Crab-like SNRs, and circles are for unknown sources. Filled marks are LMC sources while op en marks are SMC sources. All the HMXBPs fall on the region of 0 : 2 < hardness r atio < 0 : 6 (HMXBP region), and most of SNRs fall on the region of � 1 < har dness r atio < � 0 : 6 (SNR region). The typical error of the hardness ratio is � � 0.15 for sources with luminosit y of � 10 35 er g =sec and � � 0.05 for sources of � 10 36 er g =sec Fig. 4. The Normaliezed Number of LMC and SMC SNRs and HMXBPs : The n um ber (normalize by mass) of all the SNRs (including radio SBRs) and HMXBPs idnti�ed so far in the LMC and the SMC are shown b y white bars. Our candidate sources are added to each them by black bars. Since not all the galaxy is cov ered by ASCA y et, the num bers of candidate sources only give the lo w er limit. References W ang Q., Hamilton T., Helfand D.J., and W u X. 1991, ApJ 374 475 W ang Q., W u X. 1992, ApJS 78 391 Shmidk e P .C., Cowley A.P ., F rattare L.M., and McGrath T.K. 1994, P ASP 106 843 Co wley A.P ., Shmidk e P .C., McGrath T.K., P onder A.L., and F ertig M.R. 1997, P ASP 109 21 Shmidk e P .C., Cowley A.P ., Crane J.D., T a ylor V.A., and Mc- Grath T.K. astro-ph/9812217 Kahabk a P ., Pietsch W., Filip ovic, M.D., and Hab erl F. astro- ph/9812143 Y ok oga w a J. et al. 1999 in prep. Gardiner L.T., Saw a T., and F ujimoto M. 1993, MNRAS 266 567