Observ ations of Soft Gamma-Ra y Burst Rep eaters: 1806-20 and 0526-66 T. Murak ami, R. Shibata , A. Y oshida 1 , N. Ka w ai 1 , I. Hay ashi 2 , S. R. Kulk arni 3 , C. Kouv eliotou 4 and E. E. F enimore 5 Institute of Sp ac e and Astr onautic al Scienc e 3-1-1, Y oshino dai, Sagamihar a, Kanagawa, Jap an 229 1 The Institute of Physic al and Chemic al R ese ar ch 2-1 Hir osawa, Wako, Saitama Jap an 351-01 2 Dept. of Physics, Kyoto Univ. Kitashir akawa, Kyoto, Jap an 606 3 CAL TECH, 105-24 Pasadena, CA 91125 4 NASA/MSFC Huntsvil le, AL 35812 5 L os Alamos National L ab., L os A lamos NM 87545 Tw o Soft Gamma-ra y burst Rep eaters (SGRs) among three known w ere observed in X-ray energy band with ASCA. During the monitor- ing of SGR1806-20 in 1993, ASCA had detected a burst together with the p ersistent comp onent: AX1805.7-2025. Despite the large c hange of the burst activit y in 1995 compared with in 1993, there w as no ob- vious c hange in the p ersistent comp onen t. A burst in 1993 was the rare case observ ed in the extremely soft X-ray energy band of 1-10 k eV. The probable X-ray candidate of SGR0526-66 (RX0525-6607) in N49 w as also observ ed with ASCA but failed to �nd any hard X-ray comp onen t except for the ordinary SNR sp ectrum in contrast to the AX1805.7-2025’s hard sp ectrum. I. INTR ODUCTION The SGRs are known in its rep etitive activities with soft gamma-ra y pho- tons. The identi�cation of SGR 1806 � 20 b y burst (1), with the Galactic SNR G10.0 � 0.3 (2) and b y radio (3), (4) suggests that SGRs are asso ciated with SNRs. At the same time, a quiescen t X-ra y coun terpart, AX 1805.7 � 2025 (1), (5) to SGR 1806 � 20 has also b een discov ered with ASCA. The SGR0525 � 66 is famous for the 5 Marc h 1979 burst and the tigh test lo calizations. The lo- calization is in the SNR N49 (6) and th us strengthens the ph ysical asso ciation of SGR 0525 � 66 with N49. In terestingly , within the error b ox of the 5 March 1979 even t, a p oin t X-ray source has b een seen in b oth Einstein HRI image (7) and more clearly in the Rosat HRI image (8). Ho w ev er there are di�erences b e- t w een SGR 1806 � 20/AX1805.7-2025 and SGR 0525 � 66/RX 0525 � 6607 (9). SGR1806-20 (G10.0-0.3, AX1805.7-2025) can b e understo o d in the framew ork of the plerion (3) like the Crab (5). In con trast, N49 is a shell and there is no evidence of any long-w a v elength coun terpart (9). This absence is hard to c 1996 American Institute of Ph ysics 1

2 explain in the framew ork of the plerion mo del. ASCA has go o d high energies resp onse (0.5{10 k eV; (10) and o�ers us an opp ortunity to measure the high energy sp ectrum of RX 0525 � 6607 whether it has a hard sp ectrum similar to AX 1805.7 � 2025. ASCA had again monitored the burst activity initiated b y the BA TSE re-disco v ery in Octob er 1995 (11). Comparisons of the burst activities in 1993 and in 1995 and the p ersistent comp onen t are the k ey to understand this system. During the 1993 observ ation, ASCA had detected a burst of SGR1806-20 in X-ra y energy of 1-10 k eV. The observ ation in suc h the extremely low energy was a rare case and in terestingly enough there was a deep er sp ectrum turn-ov er than the p ersistent comp onen t/AX1805.7-2025. I I. SGR1806-20/AX1805.7-2025 IN 1993 AND 1995 The ASCA monitoring of SGR1806-20 in 1993 was carried out during the high burst activ e phase (12), (13). In fact, there w ere 6 bursts with BA TSE and one w as detected sim ultaneously within our ASCA FO V. In con trast to the high burst activity in 1993, there w as only one burst with BA TSE and this w as observ ed 16 da ys b efore the ASCA observ ation (11). So it is safe to sa y that the ASCA TOO observ ation in 1995 was done in the low burst phase. Ho w ev er the p ersistent comp onen t/AX1805.7-2025 remained unc hanged not only in the ux but also the sp ectrum shap e. The observ ed ux of 6 � 10 � 12 erg � 1 sec � 1 cm 2 in 2-10 keV with 6 � 10 22 h ydrogens column density w as the same in 1993 within the errors (5). Nothing w as changed in the p ersistent comp onen t b etw een 1993 and 1995 within the errors except for the burst activit y . This strongly supp orts the plerion h yp othesis to the emission mo del. If this were the accretion-p o w ered, it is very di�cult to understand the no c hange in the p ersisten t ux, despite the large c hange in the burst activity b et w een the tw o p erio ds. I I I. OBSER V A TIONS OF SGR0526-66 (N49) Observ ations with the ROSA T HRI sho w that RX 0525 � 6607 is a p oint source, � 3 arcsec, and a ux of 1 : 6 � 10 � 12 erg cm � 2 s � 1 in the energy range of the ROSA T HRI, 0.1{2.4 keV (8). If RX 0525 � 6607 hav e a similar sp ectrum to AX 1805.7 � 2025, w e predict a ux of 1 : 4 � 10 � 12 erg cm � 2 s � 1 in the energy band of 2{10 k eV with ASCA. This ux is easily observ able with ASCA, if it exists. An observed ASCA sp ectrum of N49 is sho wn in Figure-1 together with the b est-�t mo del. W e ha v e used the Non-Equilibrium Ionization (NEI) mo del (14) to mo del the emission from the SNR. This mo del giv es a b est-�t temp erature of 0.98 keV and do es not require any p ow er-la w comp onen t. W e derive a 90% upp er limit of 2 : 3 � 10 � 13 erg cm � 2 s � 1 to the presence of any Crab-lik e comp onent whic h is an order b elow the estimate. The observed SIS sp ectrum (Figure 1) is t ypical of sp ectrum from SNRs. A comparison of the sp ectrum with the SNR N49B in the same F O V, obtained

3 FIG. 1. The observ ed ASCA sp ectrum of SGR0526-66 (N49) in 0.5-10 keV. The best-�t NEI mo del do es not require the p o w er-la w comp onent. This sp ectrum can be b est explained b y the NEI mo del of 0.98 keV in temp erature. There w as no appreciable hard X-ray comp onent in the energy band of 2 - 10 k eV exp ected from the ROSA T HRI ux. after subtracting the same bac kground sp ectrum, shows that there are small di�erences in the lo w energy sp ectra of the tw o SNRs but there is no obvious hard comp onen t in the sp ectrum of N49. IV. BURST SPECTR UM IN THE LOW ENERGY A burst from SGR1806-20 w as observ ed with ASCA in the F O V simultane- ously with BA TSE in 1993 (13), (1). This was the v ery rare case to observ e a burst in suc h the extremely low energy band of 1-10 keV. Before ASCA, there w ere observ ations of the bursts ab ov e 5 k eV with ICE (15). Due to a small n um ber of the detected photons, the statistics is very muc h limited but the burst sp ectrum was heavily turn-o v er to the lo w er energies than the p ersistent sp ectrum whic h seems to b e consisten t with the interstellar absorption in this direction. The heavier turn-ov er than the p ersistent comp onent suggests that this is not an in terstellar absorption but some in trinsic pro cess of the burst emission. The comparison of the tw o X-ray sp ectra b et w een the burst and the p ersisten t comp onent is sho wn in the �gure 2. The low energies turn-o v er can b e understandable b y some t yp e of self-absorptions (gray b o dy) in thermal pro cess and/or synchrotron pro cess (15). More in terestingly enough, the characteristic temp eratures of the SGR1806- 20 bursts detected with the ICE, ASCA and BA TSE satellites were the same,

4 FIG. 2. The ASCA burst sp ectrum and the p ersistent comp onen t of AX1805.7-2025 in 1-10 keV. Tw o sp ectra are normalized at around 10 keV. despite the large di�erences in their uences. The �gure 3 sho ws the hardness ratios of the observ ed sp ectra dividing the sp ectra in to t w o energy bands. The ASCA-BA TSE burst w as the w eak est burst among them and roughly three orders of magnitude w eak er than the brigh test, but the hardness ratio w as constant throughout the rest of them. The underlying emission pro cess is insensitiv e to the burst uences. The constant temp eratures migh t b e the k ey to understand the emission pro cess together with the hea vy turn-o v er to the soft energy band. (16). V. SUMMAR Y There was no ob vious di�erences in the p ersisten t comp onen t, despite the large di�erence in the burst activity . This may strongly supp ort the plerion h yp othesis, not the accretion-p o w ered. How ev er we could not detect the simi- lar t yp e of hard emission from SGR0526-66 to unify the mo del. W e note that if the p ossible X-ra y counterpart of SGR0526-66/RX0525-6607 w ere the same order of luminosit y with the p ersistent comp onen t/AX1805.7-205, ASCA can- not detect the ux. In this case, the ux of the ROSA T HRI (RX0525-6607) is just a nearby X-ra y star indep endent with N49. W e require more observ a- tions not only in X-ra y but also in other wa v elengths. One key to understand the SGR phenomenon is the observ ation or identi�cation of SGR1900+14 whic h w as not y et observ ed with ASCA. The rep orted optical counterparts in SGR1806-20 and in SGR1900+14 are also m ysterious (17), (18). Ac kno wledgmen ts

5 FIG. 3. The constancy of the observ ed hardness ratio of SGR1806-20 bursts with ASCA-BA TSE and the ICE even ts. TM is supp orted by the Ministry of Education in Japan and SRK’s researc h is supp orted by the US National Science F oundation, NASA and the Pac k ard F oundation. REFERENCES 1. Murak ami, T. et al. , Nature, 368 , 127 (1994) 2. Green, D.A., Publ.Astron.So c.Paci�c., 103 , 209 (1991) 3. Kulk arni, S.R. and F rail, D.A., Nature, 365 , 33 (1993) 4. Kulk arni, S.R. et al. , Nature, 368 , 129 (1994) 5. Sonob e, T. and Murak ami, T. et al. , Ap.J., 436 , L23 (1994) 6. Cline, T.L. et al. ., Ap.J., 237 , L1 (1980) 7. Rothschild, R. E., Lingenfelter, R. E., Seward, F. D. V ancura, O. in Compton Gamma R ay Observatory , AIP 280 , 808 (1993) 8. Rothschild, R.E. et al. , Nature, 368 , 432 (1994) 9. Dick el, J. R., Ch u, Y.-H., Gelino, C.,et al., Ap.J. 448 , 623 (1995) 10. T anak a, Y., Inoue, H. Holt, S. S., P ASJ, 46 , L37 (1994) 11. Kouv eliotou,C., G. J. Fishman, C. A. Meegan, and K. Hagedon IAUC, 6242 , (1995) 12. Kouv eliotou, C. et al. , IAU Cir c. No.5875 (1993) 13. Kouv eliotou, C. et al. , Nature, 368 , 125 (1994) 14. Hughes, J.P . et al. , Ap.J., 444 , L81 (1995) 15. F enimore, E., et al, Ap.J., 432 , 742 (1994) 16. Baring, M.G., et al., Astrophys. and Space Sci., 231-1 , 77 (1995) 17. Kulk arni, S.R. et al. , Ap.J., 440 , L61 (1995) 18. v an Kerkwijk, M.H., Kulk arni, S.R., et al., Ap.J. 444 , L33 (1995)