Hard X-ra ys and p ossible pulsation from a SNR 0453 � 68.5 K. Imanishi 1 , M. Tsujimoto 1 , J. Y ok oga w a 1 , and K. Ko y ama 1 Departmen t of Ph ysics, Graduate Sc ho ol of Science, Ky oto Univ ersit y , Saky o-ku, Ky oto, 606-8502, Japan Abstract. W e presen t our detection of hard X-ra ys and a p ossible pulsed signal from a SNR 0453 � 68.5 in the Large Magellanic Cloud (LMC), using ASCA. Our anal- ysis sho ws that this SNR has a hard tail with a photon index of � 2.6 and a 1.48sec pulsation p erio d. V arious can- didates for this hard comp onen t are brie y discussed. 1. In tro duction There are a great n um b er of Sup erno v a Remnan ts (SNRs) in the LMC. Man y of them are though t to b e shell-t yp e SNRs except t w o Crab-lik e pulsars ( � Ogelman & Hasinger 1990, Cusumano et al. 1998). Hughes et al. (1998) sys- tematically analyzed the X-ra y sp ectra of 10 shell-t yp e SNRs in the LMC using ASCA, and presen ted that these sp ectra are w ell describ ed b y the thermal emission mo del assuming to b e in the Sedo v phase. These analyses w ere, ho w ev er, mainly concen tarated in the soft X-ra y band ( < 2k eV), th us there w as little information ab out these hard X-ra y band ( > 2k eV), in whic h some SNRs emit X- ra ys b y a c haracteristic pro cess suc h as a SN1006-lik e SNR (Ko y ama et al. 1995) or a Crab-lik e pulsar. W e though t that these unique SNRs migh t b e hidden in the LMC, and analyzed these data again. Among these, w e found one in- teresting SNR, 0453 � 68.5, whic h w as caugh t b y the radio (Mathewson et al. 1983) and the previous X-ra y (W ang et al. 1991) observ ations. 2. ASCA data analysis ASCA observ ation for SNR 0453 � 68.5 w as made at No v em b er 1995. ASCA carries four indep enden t detec- tors, the t w o Solid-state Imaging Sp ectrometers (SIS 0, SIS 1) and the t w o Gas Imaging Sp ectrometers (GIS 2, GIS 3), and these detectors are op erating sim ultaneously . Hereafter, w e use b oth data obtained from the GIS and the SIS. 2.1. Sp e ctr al analysis Figure 1 sho ws the bac kground subtracted sp ectra of 0453 � 68.5 obtained from the GIS as blac k and the SIS Fig. 1. Bac kground subtracted sp ectra of 0453 � 68.5 obtained from the GIS (blac k) and the SIS (gra y). These sp ectra are w ell �tted b y the t w o comp onen t mo del; thin thermal plasma (kT � 0.23k eV) and p o w erla w (� � 2.6) mo dels. as gra y . First, w e �tted these sp ectra with an absorb ed thin thermal plasma mo del. Ho w ev er, this mo del did not su�cien tly repro duce these sp ectra; there w as an appar- en t excess ab o v e 2k eV. Th us, w e considered that there w as a hard comp onen t together with a thermal emis- sion, and added a p o w erla w mo del. After the sp ectral �tting, w e obtained a photon index of � 2.6 +0 : 4 � 0 : 5 and ab- sorb ed ux of 3.6 � 10 � 13 ergs/sec/cm 2 (0.7{10k eV), as- suming the distance as 50kp c, con v erted to the luminosit y of 1.1 � 10 35 ergs/sec for the hard comp onen t. 2.2. Timing analysis T o rev eal the more evidence for the hard comp onen t, w e made a timing analysis. In this analysis, w e c hose the data in the 2{5 k eV band b ecause the hard comp onen t w as seem to b e relativ ely dominan t in this energy , and ASCA GIS data, b ecause GIS has higher time resolution than SIS.

2 Imanishi et al.: Hard X-ra ys and p ossible pulsation from a SNR 0453 � 68.5 Fig. 2. The p o w er sp ectrum of 0453 � 68.5 in 2{5k eV Fig. 3. The folded ligh t curv e of 0453 � 68.5 (P=1.4827sec) in 2{5k eV Figure 2 sho ws a p o w er sp ectrum with F ast F ourier T ransform (FFT). In this �gure, there is a p eak at 0.67445Hz corresp onding to 1.48sec pulsation p erio d. Ev en, this p eak is not so strong that, if there is no real pulsation, c hance probabilit y to get this p eak at an y fre- quency is up to 5%. Th us it is doubtful whether this p eak is real or not. T o declare that this is real pulsation, w e searc hed a pulsed signal b y a di�eren t metho d; using the ep o c h fold- ing searc h (EFS). The b est p erio d, 1.4827sec, w as deriv ed from EFS. The folded ligh t curv e with 1.4827sec p erio d is sho wn in �gure 3. Quasi-sin usoidal pulse shap e is found. 3. What is the hard comp onen t? T aking in to acoun t the evidence that this is accompanied with the SNR, three candidates can b e though t; Crab- lik e pulsar, SN1006-lik e SNR, and magnetar. On the other hand, if it is assumed that this is acciden tary lo cated near the SNR, the p ossibilit y of accretion-p o w ered pulsar or anomalous X-ra y pulsar is still left. Hereafter, p ossibilities for these candidates are discussed. 1. Crab-lik e Pulsar Considering that this is a pulsar accompanied with the SNR, Crab-lik e pulsar is the most reasonable candi- date. Ho w ev er, 1.48sec pulsation p erio d is to o slo w. Ev en, w e cannot mak e pulsation searc h b elo w 1sec b e- cause of the lac k of time resolution of this observ ation. Th us, if this has a pulsation on the order of msec not of 1.48sec, there is no negativ e evidence to think this SNR as a Crab-lik e pulsar. 2. SN1006-lik e SNR Considering the sp ectral t yp e of the hard comp onen t (� � 2.6), it is p ossible that hard X-ra ys originate from a sync hrotron radiation at a SNR shell (SN1006-lik e SNR; � � 1.8{3). Ho w ev er, there is no pulsation from the SN1006-lik e SNR. Th us, if so, the pulsed signal from this SNR m ust b e a wrong result. 3. Magnetar Magnetar has a 5{8sec pulsation p erio d and relativ ely soft sp ectrum (� � 3), those are almost consisten t with this hard comp onen t. 4. Accretion-P o w ered Pulsar If 1.48sec pulsation p erio d is real, it is most resonable to think this hard comp onen t as an accretion-p o w ered pulsar. Ho w ev er, photon index of 2.6 is to o soft (� � 1 for accretion-p o w ered pulsar). Th us, there is little p os- sibilit y . 5. Anomalous X-ra y Pulsar Anomalous X-ra y Pulsars (AXPs) are those group of pulsars that ha v e 5{10sec pulsation p erio ds and rel- ativ ely soft sp ectra (� � 3). Conisdering the sp ectral t yp e, this pulsar ma y b e categorized as a AXP . Eac h p ossibilit y cannot b e completely rejected b ecause of its limited statistics and probably its p o or spacial res- olution. T o giv e a critical evidence, it is needed to decide a sp ectral t yp e and a pulsation p erio d more exactly , and to rev eal whether another p oin t source is lo cated or not. T o solv e these problems, observ ations with the next gen- eration satellites, AXAF or XMM, are required. References Cusumano G. et al. 1998, A&A 333, L55 Hughes J., Ha y ashi I., Ko y ama K., 1998, ApJ 505, 732 Ko y ama K. et al. 1995 Nature 378, 255 Mathewson D. S. et al. 1983, ApJS 51, 345 � Ogelman H., Hasinger G., 1990, ApJ 353, 210 W ang Q. et al. 1991, ApJ 374, 475