Reference number: AA/2004/1878 Title: A catalogue of ultraluminous X-ray sources in external galaxies

Authors: Q.Z. Liu and I.F. Mirabel Name of the journal, year, volume and first page: A&A, 2004, ??, ??

Keywords: X-rays : galaxies - X-rays : binaries - X-rays : ultraluminous X-ray sources - catalogue

Description of the table and its columns: In Table 1 the galaxies are ordered according to right ascension. Part of the (mainly numerical) information on ULXs and their host galaxies is arranged in nine columns, below which for each galaxy additional information is provided in the form of key words with references. The information on the host galaxies is given in the first line, and the X-ray information on the ULXs is given in the following lines, one line for each ULX. The columns have been arranged as follows.

In Line 1 the first column contains the galaxy name. Alternative galaxy names are given in the second column. The third column in Line 1 lists the morphological type of the galaxy, taken from the T hird Reference Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 1991). The fourth column is the mean numerical index of stage along the Hubble sequence (T ) of the galaxy, which is also taken from RC3, where -5 is Elliptical, 0 is S0a and 10 is Irregular. The fifth column is the distance of the galaxy in Mpc. The dis- tance is extracted from the Nearby Galaxies Catalog by Tully (1988) if the recessional velocity (cz) listed in RC3 is smaller than 1000 km s^{−1}, otherwise it was computed from the recessional velocity using H_0 = 75 km s^{−1} Mpc^{−1}. The sixth column is the Galactic hydrogen column N_H in 10^{20} cm^{−2} units taken from Dickey & Lockman (1990). In the last three columns of the first line, the B-band photographic magnitude (M_B ), the near infrared magnitude (M_{Ks} ), and the far infrared magnitude (M_{F IR}) are listed. The B-band photographic magnitude is taken from RC3; the near-infrared K_s-band magnitude is calculated from the 20 mag arcsec^{−2} isophotal magnitude listed in the 2MASS Large Galaxy Atlas (Jarrett et al. 2003); the far-infrared magnitude is calculated from M_{F IR} = −20.0 − 2.5 log F IR, where F IR is the far infrared continuum flux measured at 60 and 100 microns as listed in the IRAS P oint Source Catalog (1987). In the following lines the first column contains the ULX names we have designated, ULX1, ULX2, and so on. Alternative ULX names that had been used previously are given in the second column. The third and fourth columns in the lines contain the right ascension (RA) and declination (DEC) of the ULXs for the epoch 2000. In Columns 5 and 6, the peak X-ray luminosities, in units of 10^{39} ergs s^{−1}, and the energy range in keV are given. Column 7 is the nuclear offset, i.e. radius from nucleus in arcseconds, assuming that the galaxy center is at the RC3 optical position.

Only strong X-ray sources with enough counts have X-ray spectral fits. In Column 8 we give the best fit model of recent X-ray observation of ULXs, and the fit results are given in Column 9, with the spectral index listed for a power-law fit and the inner temperature in keV for a thermal model fit. If a two-component fit is needed, we use the symbol ’+’ between the two fit models and fit results for the two-component best fit. The following abbreviations have been used for the fit model:

• PL: power-law model; • BB: blackbody;

• MCD: multicolor disk (Mitsuda et al. 1984); • MKL: MEKAL; • BR: bremsstrahlung;

• RS: Raymond-Smith thermal model (Raymond & Smith 1977).

Table 1. Ultraluminous X-ray sources Host Galaxy Other names Hubble-type T-type Dist. NH MB MK_s MF IR Source Name Other names R.A. DEC. Lx Range Offset Best-fit Fit result

• NGC 247 SAB(s)d +7.0 3.69 1.37 9.66 8.18 10.55 ULX1 NGC 247 X1 00 47 03.9 -20 47 43.4 1.2 0.1-2.4 142.8 BR 0.12

Original source name from Lira, Lawrence & Johnson (2000, hereafter LLJ00); at the edge of of a bright star-formation region; no obvious optical counterpart; very soft spectrum and variable, thus an accreting black hole candidate (BHC). Also see Read, Ponman & Strickland (1997, hereafter RPS97).

• NGC 253 SAB(s)c +5.0 3.1 1.3 7.72 3.82 5.63 ULX1 PSX-1 00 47 34.0 25 16 37 1.2 0.3-7 44 MCD 1.3 ULX2 PSX-2 00 47 33.0 25 17 49 1.21 0.3-7 31 MKL+PL 0.61+1.7 ULX3 PSX-3 00 47 33.4 25 17 22 1.1 0.3-7 6 PL 2.1

Starburst galaxy. Chandra observation and original source names from Humphrey et al. (2003). Also see RPS97 and Strickland et al. (2000).

• NGC 598 M33 SA(s)cd +6.0 0.795 5.58 6.21 4.49 6.32 ULX1 M33 X-8 01 33 50.89 30 39 37.2 1.7 0.5-10 2.6 MCD+PL 1.16+2.5

Soft spectrum, not related to the 2MASS source (Foschini et al. 2004); NH =18 (in 10^{20} cm^{−2} units) from X-ray fit (Foschini et al. 2004); a modulation of ∼20% with a period of 106 days? (Dubus et al 1997); associated with a radio source (Dubus & Rutledge 2002). See also La Parola et al. (2003) and CM99.

• NGC 628 M74 SA(s)c +5.0 7.3 5.0 10.01 7.19 9.56 ULX1 M74 X-1 01 36 51.1 +15 45 47 10 0.3-8 159 PL 2.46 ULX2 01 36 36.5 +15 50 36 1.6 0.3-8 240 PL 1.91

A face-on spiral with distance from VLA (Smartt et al. 2002). ULX-1: neither a radio nor optical counterpart, but near several prominent OB associations, suggesting that it may be associated with recent star formation; a persistent ULX detected in both Chandra and both XMM observation; extremely variable in luminosity by more than an order of magnitude (from 5×10^{38} in 2001-2002 to 1 ×10^{40} ergs s^{−1}) in only 30 minutes, and flares on a characteristic timescale of around 4000 s (Krauss et al. 2003). See Soria et al. (2004). ULX2: undetectable in both 2001 Chandra observations; detected only in 2002 Feb. as an off-center transient ULX (Soria & Kong 2002) but not in Jan. 2003, so at least 30 times fainter than 11 months before (Soria et al. 2004).

• NGC 720 E0 -5.0 25.7 1.6 11.09 7.4 — ULX1 source 5 01 53 00.84 -13 44 06.8 1.13 0.3-10 12.8 ULX2 source 9 01 52 59.41 -13 43 56.9 1.96 0.3-10 26 ULX3 source 22 01 52 56.45 -13 43 47.7 2.08 0.3-10 66 ULX4 source 23 01 52 56.03 -13 44 39.3 1.18 0.3-10 68 ULX5 source 27 01 52 55.78 -13 43 50.8 1.13 0.3-10 73 ULX6 source 29 01 53 01.98 -13 42 49.9 1.91 0.3-10 91 ULX7 source 35 01 53 06.75 -13 45 34.7 1.76 0.3-10 119 ULX8 source 36 01 53 06.44 -13 45 40.9 1.45 0.3-10 120 ULX9 source 40 01 53 01.77 -13 46 30.7 5.94 0.3-10 134 ULX10 IXO 1 01 52 49.7 -13 42 11 1.26 2-10 161 ULX11 IXO 2 01 53 02.9 -13 46 53 5.01 2-10 156

Elliptical galaxy; accepted Hubble constant 68 km/s/Mpc; 42 X-ray Chandra point sources and X-ray luminosity using the best-fit power-law with α = 1.5 (Jeltema et al. 2003); 2-10 keV X-ray luminosity of ULXs 10 and 11, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); faint optical counterparts in the DSS images to ULXs 10 and 11 (CP02); ULXs 2, 3 and 9 coincident with GC (Jeltema et al. 2003). See also Fabbiano, Kim, & Trinchieri (1992, hereafter FKT92).

• NGC 891 SA(s)b +3.0 9.60 6.8 10.84 5.99 8.36 ULX1 NGC 891 X-4 02 22 31.6 +42 20 19 1.32 0.1-2.4 43.6 PL 2.78 ULX2 NGC 891 X-5 02 22 45.8 +42 25 55 1.58 2-10 327.7

ROSAT PSPC obs. of ULX1 (RPS97). ULX2: also known as IXO 3, at the outer edge of the disk (CP02); 50% variability between two separate ROSAT HRI observations; detected with ASCA (cf. Ueda et al. 2001) but was not detected with the ROSAT PSPC (RPS97); X-ray luminosity of ULX2, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also RW00.

• NGC 1042 SAB(rs)cd +6.0 18.31 3.2 11.8 9.45 12.29 ULX1 IXO 4 02 40 25.8 -08 24 30 12.6 2-10 96

In the disk of the spiral galaxy (CP02); X-ray luminosity of ULX1, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also FKT92 and Ueda et al. (2001).

• NGC 1058 SA(rs)c +5.0 9.1 5.6 11.83 9.03 11.76 ULX1 02 43 23.5 37 20 38 1.1 0.5-10 77 PL 1.1

No optical counterpart in the DSS; see Foschini et al. (2002a)

• NGC 1068 SA(rs)b +3.0 14.4 3.53 9.64 5.81 7.61 ULX1 02 42 37.9 -00 01 18 8 0.4-8 PL 4.7 ULX2 02 42 38.9 -00 00 55 14.63 0.4-8 MCD 5.5 ULX3 02 42 39.7 -00 01 01 2.42 0.4-8 PL 1.93 ULX4 02 42 40.4 -00 00 53 20.0 0.4-8 PL 5.80 ULX5 02 42 51.0 -00 00 32 1.01 0.4-8 PL 1.40

Seyfert 2 galaxy; Chandra obs. (Smith & Wilson 2003).

• NGC 1073 SB(rs)c +5.0 16.15 4.0 11.67 9.69 12.36 ULX1 IXO 5 02 43 38.3 +01 24 13 1.26 2-10 102

In the disk of the face-on spiral galaxy (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); two other bright X-ray point sources coincident with known QSOs

• NGC 1132 E -4.8 69 5.2 13.35 9.45 – ULX1 02 52 51.4 01 16 31 12. 0.3-7.0 4 ULX2 02 52 49.4 01 16 20 4.8 0.3-7.0 36

X-ray luminosity calculated by converting the count rate with the Galactic NH and photon index 2 (See Humphrey et al. 2003).

• Dwingeloo 1 +3.0 3 70 9.45 ULX1 X-1 02 57 45 58 56 12 1.4 0.5-10 180 PL 2.0

Nearby spiral galaxy behind the Milky Way; Distance 3 Mpc (Phillipps & Davies 1997); see Reynolds et al. (1997) and Makishima et al. (2000).

• NGC 1291 SB0/a 0.0 12 2.0 9.44 5.85 11.84 ULX1 03 17 18.6 -41 06 29 13. 0.3-7.0 4 MKL+PL 0.51+2.3 ULX2 03 17 02.5 -41 07 14 1.8 0.3-7.0 230 PL 2.2 ULX3 IXO 6 03 17 13.8 -41 10 35 1.7 0.3-10 250 MKL+PL 1.1+1.5

In the outer disk (or halo) of the early-type galaxy; poor X-ray fit for ULX3 Humphrey et al. (2003); ULXs information from Humphrey et al. (2003) and CP02; See also RPS97.

• NGC 1313 SB(s)d +7.0 3.7 3.98 9.57 8.03 9.08 ULX1 NGC 1313 X-1 03 18 19.99 -66 29 10.97 20 0.2-10 56 MCD+PL 0.15 + 1.82 ULX2 NGC 1313 X-2 03 18 22.34 -66 36 03.68 6.6 0.2-10 446 MCD+PL 0.16 + 2.3

A nearby spiral with many HII regions. ULX1: also referred to as IXO 7 (CP02), at the northern end of the bar, 1 kpc from the center of the face-on spiral galaxy; a well-studied X-ray source (Fabbiano & Trinchieri 1987; Petre et al. 1994; Colbert et al. 1995; Miller et al. 1998; Schlegel et al. 2000; Miller et al. 2003; Zampieri et al. 2004); ASCA spectral variability (e.g., CM99), similar to that of a black-hole XRB; in the center of a diffuse Hα nebula with a radius of approximately 240 pc and a high [OI] 6300/Hα ratio implying X-ray photoionization (Pakull & Mirioni 2003); intermediate-mass BHC (Miller et al. 2003). ULX2, also known as IXO 8 (=MS 0317.7-6647), in the outer disk of NGC 1313; at the center of an Hα nebula with strong [Si II] and [OI] lines, implying acting on the local ISM (Pakull & Mirioni 2003); variable and intermediate-mass BHC (Colbert et al. 1995; Miller et al. 2003). See Makishima et al. (2000) and Mizuno et al. (2001) for ASCA spectral analyses of this source. See also CM99 and Petre et al. (1994).

• NGC 1316 Fornax A SAB(s)0 -2.0 23.91 2.0 9.17 5.69 11.76 ULX1 IXO 9 03 21 59.8 -37 05 06 10.0 2-10 667 ULX2 IXO 10 03 22 40.4 -37 16 41 5.01 2-10 254 ULX3 IXO 11 03 22 51.3 -37 09 47 3.16 2-10 198 ULX4 IXO 12 03 22 57.3 -37 15 57 2.5 2-10 280 ULX5 IXO 13 03 23 14.4 -37 16 51 2.5 2-10 472 ULX6 IXO 14 03 23 28.8 -37 10 09 3.16 2-10 581

All in the outskirts of the elliptical galaxy; faint optical counterparts in the DSS image to ULX 1, 2 and 6 (CP02). An extensive study of the ROSAT X-ray sources in Fornax A (Kim, Fabbiano, & Mackie 1998). See also FKT92.

• NGC 1332 S0 -3.0 23 11.35 7.12 13.51 ULX1 source 6 03 26 18.1 -21 20 14 1.2 0.1-10 13.8 ULX2 source 8 03 26 16.7 -21 19 54 1.2 0.1-10 15.6

ULX1: soft black-hole spectrum, also seen with ROSAT; ULX1 and ULX2 not coincident with GC; another 6 ULXs out of D25; see (Humphrey & Buote 2004) for details.

• NGC 1365 SB(s)b +3.0 22.16 1.26 10.13 6.60 8.24 ULX1 IXO 15 03 33 11.9 -36 11 35 6.31 2-10 358 ULX2 IXO 16 03 33 13.0 -36 11 53 6.31 2-10 358

Two ULXs very near each other, in the outer disk of the spiral galaxy; possible optical counterparts visible in the DSS images (CP02). X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); See Turner, Urry & Mushotzky (1993) and Singh (1999) for more detailed discussions of these X-ray objects. See also FKT92.

• NGC 1399 E1 -5.0 20.5 1.26 9.85 6.44 – ULX1 PSX-1 03 38 32.6 -35 27 05 4.1 0.3-7.0 54. PL 1.5 ULX2 PSX-2 03 38 31.8 -35 26 04 2.2 0.3-7.0 68. MKL+PL 1.3+2.6 ULX3 PSX-3 03 38 20.1 -35 24 46 1.5 0.3-7.0 190 MKL 4.1 ULX4 PSX-4 03 38 27.6 -35 26 48 1.4 0.3-7.0 22 MKL+PL 1.0+2.5 ULX5 PSX-5 03 38 21.9 -35 29 28 1.3 0.3-7.0 180 ULX6 PSX-6 03 38 29.7 -35 25 04 1.3 0.3-7.0 110 ULX7 PSX-7 03 38 25.2 -35 25 22 1.1 0.3-7.0 110 PL 1.8 ULX8 PSX-8 03 38 32.3 -35 27 10 1.1 0.3-7.0 51 ULX9 PSX-9 03 38 33.1 -35 27 31 1.1 0.3-7.0 70 ULX10 IXO 19 03 38 41.2 -35 31 35 25.0 2- 10 296 ULX11 IXO 20 03 38 51.7 -35 26 43 3.98 2- 10 262

A giant elliptical galaxy; distances determined from different techniques, not from H0. About 70% X-ray sources (most LMXBs) related to GCs (Angelini et al. 2001). ULX1 (IXO 18?) and ULX2 (IXO 17?) near the (extended) nuclear X-ray source and not well resolved by the ROSAT HRI (CP02). ULX10 with X-ray variability by a factor of 3, located much further out in the halo and coincident with a faint optical counterpart in the DSS image; ULX11, showing 50% variability between two HRI observations, also coincident with an optical DSS counterpart. X-ray luminosity of ULXs 10 and 11, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See Humphrey et al. (2003). See also Jones et al. (1997) and Colbert et al. (2004).

• NGC 1427A IB(s)m +10.0 26.99 1.26 13.44 8.26 – ULX1 IXO 21 03 40 12.3 -35 37 36 7.94 2-10 38

In the outer regions of the irregular galaxy. X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CP02 and Jones et al. (1997).

• IC 342 SAB(rs)cd +6.0 3.9 30.3 9.1 4.88 6.95 ULX1 IC 342 X-1 03 45 55.68 +68 04 54.9 15 0.5-10 302 PL 1.63 ULX2 03 46 48.6 +68 05 51.0 1.2 0.5-10 8.6 PL 1.4

A large face-on spiral galaxy. ULX1: known as IXO 22, in the spiral arms; coincident with an optical counterpart seen in the DSS image (but could be a Galactic star); one of the nearest and most comprehensively studied ULXs; a possible periodicity at several tens of hours (Sugiho et al. 2001); originally detected in an Einstein IPC observation with a 0.2-4 keV X-ray luminosity of 3.0×10^{39} ergs s^{−1} (Fabbiano & Trinchieri 1987); a subsequent ROSAT observation also in an ultraluminous state (Bregman, Cox & Tomisaka 1993; RW00); quite variable during ASCA, from a high/soft state with X-ray luminosity of > 1.5 × 10^{40} ergs s^{−1} in 1993 Sept. into a low/hard state with 6×10^{39} ergs s^{−1} in 2000 Feb. (Makishima et al. 2000), similar behaviour to that observed in many Galactic black hole binary systems (Kubota et al. 2001; Mizuno et al. 2001); large-amplitude, short-time-scale (1000s) variability (Okada et al. 1998); Chandra obs. associated with SNR with age > 92000 year (Roberts et al. 2003). See CM99 and Kubota et al. (2001) for ULX2. See also Fabbiano & Trinchieri (1987), Bregman, Cox, & Tomisaka (1993), CM99, RW00, CP02, and LLJ00.

• NGC 1553 SA(r)0 -2.0 16.1 1.58 10.18 6.35 13.92 ULX1 source 17 04 16 02.9 -55 46 55 1.45 0.3-10 65.4 ULX2 source 38 04 15 51.5 -55 48 59 4.22 0.3-10 208.5

Distance poorly known. Interacting with NGC 1549. X-ray information (Blanton et al. 2001). ULX1 variable; ULX2, known as IXO 23, in the outskirts of the elliptical galaxy, coincident with a DSS counterpart (CP02). See Blanton et al. (2001) for a discussion of the Chandra X-ray point sources.

• NGC 1566 SAB(s)bc +4.0 19.95 1.26 10.10 7.04 10.06 ULX1 IXO 24 04 19 44.6 -54 56 37 5.01 2-10 45

Near the center of the face-on spiral galaxy, surrounded by strong extended (diffuse?) X-ray emission from the disk of the galaxy (CP02); X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02).

• NGC 1672 SB(s)b +3.0 18.0 2.5 10.57 7.22 9.25 ULX1 IXO 25 04 45 30.9 -59 14 55 1.26 2-10 87 ULX2 IXO 26 04 45 33.6 -59 14 41 3.98 2-10 68 ULX3 IXO 27 04 45 53.2 -59 14 57 3.16 2-10 85

All located in the spiral arms of the galaxy; ULX2 variable between two HRI observations by a factor 2.5 (CP02). X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); See Brandt, Halpern, & Iwasawa (1996) and De Naray et al. (2000) for more detailed discussions of these X-ray sources.

• NGC 1792 SA(rs)bc +4.0 16.33 2.5 10.69 7.09 9.38 ULX1 IXO 28 05 05 11.1 -37 58 48 2.0 2-10 48

In the disk of the spiral galaxy (CP02). X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See Dahlem, Hartner & Junkes (1994) for a ROSAT analysis of the point sources in NGC 1792.

• NGC 1961 SAB(rs)c +5.0 52.40 8.5 11.67 7.95 10.77 ULX1 IXO 29 05 41 43.3 +69 20 46 31.6 2-10 164

In the outskirts of the spiral galaxy (CP02). X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also FKT92, Pence & Rots (1997) and RW00.

• Mrk 3 S0 -2.0 53.31 7.94 13.55 9.05 11.92 ULX1 IXO 30 06 15 15.3 71 02 04 25 2-10 101

To the west of the center of the Seyfert galaxy (CP02). X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also Turner, Urry & Mushotzky (1993) and Morse et al. (1995).

• NGC 2276 SAB(rs)c +5.0 36.8 6.0 12.17 9.28 10.31 ULX1 NGC 2276 X-1 07 26 49.5 85 45 49 14.5 0.1-2.4 47.9

X-ray luminosity, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00). See RW00.

• NGC 2403 SAB(s)cd +6.0 4.2 4.1 9.00 6.45 8.63 ULX1 NGC 2403 X-1 07 36 26.5 65 35 37 3.0 0.5-10 161.2 MCD 1.10

Known as NGC 2403 X1 (LLJ00). ASCA source 3, best-fit is MCD model with NH =25 (Kotoku et al. 2000). See Fabbiano & Trinchieri (1987) and RW00.

• Holmberg II UGC 4305 Im +10.0 3.39 3.16 10.9 9.97 12.84 ULX1 IXO 31 08 19 30.2 70 42 18 20 0.3-10 124 PL+BB 2.64+0.14

In the middle of an H II region complex of the dwarf galaxy Holmberg II, a companion to M81. Distance (Karachentsev et al. 2002). Also known as HoII X-1; coincident with a luminous radio source (cf. Miyaji et al. 2001); well studied in X-rays (e.g., CM99, Zezas, Georgantopoulos & Ward 1999, and Miyaji, Lehmann & Hasinger 2001). Transition from a high/soft state to a low/soft state with X-ray luminosities from 2×10^{40} ergs s^{−1} dropped by a factor of 4 within 5 months; an accreting BH associated with SNR?; NH =16 from X-ray fit (Dewangan et al. 2004).

• NGC 2681 Sa 0.0 17 2.4 10.93 7.56 11.07 ULX1 PSX-1 08 53 35.7 +51 19 17 4.4 0.3-7.0 46 ULX2 PSX-2 08 53 24.4 +51 18 19 1.8 0.3-7.0 130 ULX3 PSX-3 08 53 33.7 +51 19 30 1.2 0.3-7.0 37 PL 2.2

See Humphrey et al. (2003), also Colbert et al. (2004).

• NGC 2775 SA(r)ab +2.0 18.05 3.98 11.19 7.11 – ULX1 IXO 32 09 10 19.9 +07 06 00 1.58 2-10 222 ULX2 IXO 33 09 10 27.0 +06 59 10 3.16 2-10 206

In the outskirts of the early-type spiral galaxy; both coincident with faint DSS sources (CP02). X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also RW00.

• NGC 2782 SAB(rs)a pec +1.0 37.3 1.8 12.07 9.00 10.87 ULX1 NGC 2782 X-1 09 14 04.4 40 07 38 12.9 0.1-2.4 49.4

X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00).

• NGC 3031 M81 SA(s)ab +2.0 3.6 4.3 7.92 3.93 8.59 ULX1 M81 X-6 09 55 32.99 69 00 33.3 6 0.3-8 142 MCD 1.03 ULX2 M81 X-9 09 57 54.4 69 03 43 10 2-10 74

A nearby spiral galaxy just beyond the Local Group. Distance (Paturel et al. 2002). A strong two-arm grand-design spiral pattern and a well-defined circumnuclear bulge. ULX1: within the D25 of M81, discovered with Einstein, also ROSAT source H21 and P37; best fit with kTin = 1.48 from ASCA (Makishima et al. 2000); remained remarkably steady throughout its observed history; spatially coincident with a 24.13^m HST counterpart, probably an O9-B1 main-sequence star, also coincident with a large SNR candidate and a weak radio counterpart with a flux density of ∼95 μJy at λ = 3.6 cm (Swartz et al. 2003). ULX2: a well-known X-ray source IXO 34, near the dwarf galaxy Holmberg IX (out of the D25 of M81), the companion to NGC 3031; within a shock-heated giant nebula, possibly a supershell formed by one very energetic supernova, or multiple supernovae (Miller 1995), a background quasar (Ishisaki et al. 1996; Ezoe, Iyomoto, & Makishima 2001), and an accreting intermediate-mass black hole (Wang 2002); highly variable; see La Parola et al. (2001) for a discussion of ULX2. See also Fabbiano (1988), FKT92, RW00, LLJ00, Immler & Wang (2001), Mizuno et al. (2001), and CP02. Optical counterpart of an O8 V star to the variable source NGC 3031 X-11 (not ULX) (Liu et al. 2002).

• NGC 3034 M82 I0 +90 3.9 4 9.24 4.69 5.58 ULX1 source 2 09 55 52.3 +69 40 54 1.02 0.5-10 7.3 ULX2 source 3 09 55 51.6 +69 40 36 1.4 0.5-10 16.2 ULX3 source 4 09 55 51.4 +69 40 44 1.34 0.5-10 15.3 ULX4 source 5 09 55 51.1 +69 40 45 3.5 0.5-10 19.6 ULX5 source 7 09 55 50.2 +69 40 47 86.8 0.5-10 9 PL 2.21 ULX6 source 8 09 55 47.5 +69 40 36 4.14 0.5-10 74.3 ULX7 source 9 09 55 46.6 +69 40 41 3.8 0.5-10 87.2

Edge-on irregular starburst galaxy; distance (Sakai & Madore 1999). Finding chart of the 9 sources . ULX3 coincident with radio source 42.65+57.8. ULX4 coincident with radio source 42.21+59.0. ULX5: coincident with radio source 41.30+59.6 or 41.5+59.7, radio source 41.30+59.6 is a young SNR, and 41.5+59.7 likely an SNR; extremely large time variability with X-ray luminosity of ∼1.2×10^{40} on 1999 Oct. 28 (ASCA) to 8.7×10^{40} on 2000 Jan. 20 (Chandra, Matsumoto et al. 2001), a black hole candidate with mass of at least 500M⊙ (Kaaret et al. 2001); a 54.3 mHz QPO detected (Strohmayer & Mushotzky 2003). ULX6 coincident with IR source 0955475+694036. See Kaaret et al. (2001) for details. See also RPS97 and Colbert et al. (2004).

• NGC 3079 SB(s)c +7.0 15.0 0.9 11.43 7.35 9.00 ULX1 10 01 59.28 55 40 56.7 13.2 0.1-2.0 15 BR 1.05

Edge-on spiral galaxy. See RPS97. Also see Pietsch, Trinchieri, & Vogler (1998), RW00 and Colbert et al. (2004).

• NGC 3147 SA(rs)bc +4.0 40.9 3.2 11.38 7.50 10.69 ULX1 10 16 51.50 73 24 08.9 2.0 2-10 34.3

See Terashima & Wilson (2003) for Chandra obs.; see also RW00.

• NGC 3185 SB(r)0/a +1.0 21.3 2.2 12.73 9.32 12.53 ULX1 10 17 37.4 21 41 44 1.3 0.5-10 30

X-ray luminosity by assuming a power law with photon index 2 and an absorbing column density NH = 3.0 × 10^{20} cm^{−2}; no optical counterpart (Foschini et al. 2002a).

• NGC 3226 E0 pec -5.0 17.63 2.3 12.25 8.73 – ULX1 IXO 35 10 23 26.0 +19 56 20 1.58 2-10 146

Located at the north of the elliptical galaxy; X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); a possible optical counterpart in the DSS image (CP02); not RW00 source.

• NGC 3256 Pec +99.0 37 10 11.85 8.17 8.34 ULX1 source 2 10 27 50.04 -43 54 20.5 6.1 0.5-10 ULX2 source 3 10 27 50.74 -43 54 16.2 4.7 0.5-10 ULX3 source 4 10 27 50.93 -43 53 43.4 2.0 0.5-10 ULX4 source 5 10 27 51.23 -43 53 58.8 2.2 0.5-10 ULX5 source 6 10 27 51.23 -43 54 10.9 7.2 0.5-10 ULX6 source 9 10 27 51.64 -43 54 09.7 6.2 0.5-10 PL 2.43 ULX7 source 10 10 27 51.76 -43 54 13.6 9.5 0.5-10 MKL+PL 1.0+1.67 ULX8 source 11 10 27 52.03 -43 54 12.6 4.3 0.5-10 ULX9 source 12 10 27 52.56 -43 53 49.9 3.8 0.5-10 ULX10 source 14 10 27 55.14 -43 54 47.1 6.9 0.5-10 ULX11 IXO 36 10 27 37.6 -43 53 08 6.31 2-10 167

Merger system, most IR luminous galaxy with IR luminosity of 6×10^{11} L⊙. Finding chart with source No. (Lira et al. 2002). Xray luminosities for the compact sources computed assuming a single power-law component with index Γ=2.0; no variability detected in any of the sources; ULX1, ULX6, and ULX7 having extended component; tentative optical counterparts to ULX4, ULX6, ULX7 and ULX8. X-ray luminosity of ULX11, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); ULX11 located 2.5’ to the west of the center of the galaxy merger system (CP02).

• IC 2597 E+ -4.0 40.09 5.01 12.75 8.63 – ULX1 IXO 37 10 37 39.6 -27 05 23 79.4 2-10 112

In the outskirts of the elliptical galaxy in the Hydra cluster. A faint optical sources near the ULX in the DSS image (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); 10” from a radio source (Andernach et al. 1988).

• NGC 3310 SAB(r)bc pec +4.0 18.7 1.1 11.17 8.65 9.48 ULX1 NGC 3310 X-1 10 38 46.1 +53 30 11 41.7 0.1-2.4 47.9 ULX2 NGC 3310 X-2 10 38 49.8 +53 29 33 1.78 0.1-2.4 40.6 ULX3 IXO 38 10 38 43.4 +53 31 06 3.16 2-10 63

See RW00 for ULX1 and ULX2. ULX3 at the northwest of the center of the spiral galaxy (CP02); X-ray luminosity of ULX3, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02); see Zezas, Georgantopoulos & Ward (1998) for more details of ULX3.

• NGC 3395 SAB(rs)cd +6.0 27.4 1.8 12.46 10.08 – ULX1 NGC 3395 X-1 10 49 50.3 32 59 07 5.62 0.1-2.4 26.6

X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00).

• NGC 3628 SAb pec +3.0 10. 2.0 10.51 6.22 8.77 ULX1 NGC 3628 X-1 11 20 15.75 +13 35 13.6 50. 0.3-8 20 PL 1.8 ULX2 NGC 3628 X-2 11 20 37.5 +13 34 28 12 0.3-8 296.1 PL 1.57

Distance (Soifer et al. 1987). ULX1: also known as IXO 39; near the nucleus of the edge-on starburst galaxy; the first discovered transient ULX; an intermediate-mass BHC; no radio, optical, IR counterpart. See Dahlem, Heckman, & Fabbiano (1995) and Strickland et al. (2001) for discussions of this well-known ULX. ULX2: ROSAT src 14 in Dahlem et al. (1996); outer disc, no optical, NIR and radio counterpart; long-term steady flux decay and in low X-ray luminosity state in 2002 Chandra observation (Roberts et al. 2004). See also Bregman & Glassgold (1982), FKT92, Yaqoob et al. (1995), RPS97, Dahlem, Weaver & Heckman (1998), and RW00 and CP02.

• NGC 3690/IC 694 Arp 299 IBm/SBm +9.0/+9.0 40.4 1.0 12.1 13.41 8.29 ULX1 source 1 11 28 26.8 +58 34 07.0 2.0 0.1-10 ULX2 source 3 11 28 30.7 +58 33 44.5 6.6 0.1-10 PL 1.35 ULX3 source 5 11 28 30.9 +58 33 45.0 23.9 0.1-10 ULX4 source 7 11 28 31.2 +58 33 26.2 1.2 0.1-10 ULX5 source 9 11 28 32.3 +58 33 18.4 5.0 0.1-10 ULX6 source 10 11 28 33.1 +58 33 37.0 2.8 0.1-10 ULX7 source 11 11 28 33.1 +58 33 56.0 1.9 0.1-10 ULX8 source 12 11 28 33.2 +58 33 43.9 3.5 0.1-10 ULX9 source 13 11 28 33.3 +58 34 02.9 4.5 0.1-10 ULX10 source 14 11 28 33.4 +58 33 46.9 5.8 0.1-10 ULX11 source 15 11 28 33.7 +58 33 51.2 4.1 0.1-10 PL 2.57 ULX12 source 17 11 28 34.1 +58 33 40.0 2.9 0.1-10

Luminous IR galaxy (Sanders & Mirabel 1996); near IR sources from Alonso-Herrero et al. (2000). X-ray luminosity obtained by assuming Γ =1.7 (Zezas, Ward, & Murray 2003). ULX3: associated with the NIR source B21. ULX5: associated with radio source IC694-1990 and an IR source, probably a SNR. ULX8: with NIR A5 and A6, and ULX12 with NIR A3 and A4. See Zezas, Ward, & Murray (2003) for details.

• NGC 3923 E4 -5.0 22.24 6.31 10.53 6.64 – ULX1 IXO 40 11 50 57.9 -28 44 02 7.94 2-10 270

Positioned at the north of the elliptical galaxy; coincident with an optical counterpart in the DSS image (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02).

• NGC 3941 SB(s)0 -2.0 18.9 1.9 11.34 7.39 – ULX1 11 52 58.3 36 59 00 7.4 0.5-10 38 PL 1.9

See Foschini et al. (2002a) for details.

• NGC 3998 SA(r)0 -2.0 21.6 1.2 11.50 7.42 – ULX1 NGC 3998 X-1 11 57 50.4 55 28 31 4.27 0.1-2.4 78.3

X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00).

• UGC 7009 Im +10.0 14.93 2.0 14.45 12.76 – ULX1 IXO 41 12 01 40.4 +62 19 58 3.98 2-10 33

Located at the west of the Irregular galaxy (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02).

• NGC 4038/9 Antenne SB(s)m/SA(s)m +9.0/+9.1 19.3 3.4 10.91/11.05 – ULX1 source 3 12 01 50.19 -18 54 25.67 1.36 0.1-10.0 PL 2.28 ULX2 source 11 12 01 51.32 -18 52 25.46 3.22 0.1-10.0 PL 1.54 ULX3 source 13 12 01 51.62 -18 52 31.87 14 0.1-10.0 MCD 0.11-0.22 ULX4 source 16 12 01 52.09 -18 51 33.59 8.87 0.1-10.0 PL 1.26 ULX5 source 18 12 01 52.39 -18 52 06.85 1.37 0.1-10.0 RS 3.07 ULX6 source 19 12 01 52.42 -18 53 14.21 1.47 0.1-10.0 PL 1.56 ULX7 source 31 12 01 54.27 -18 52 01.88 1.73 0.1-10.0 PL 1.94 ULX8 source 32 12 01 54.35 -18 52 10.31 1.69 0.1-10.0 PL 1.41 ULX9 source 33 12 01 54.50 -18 53 06.82 2.33 0.1-10.0 PL 3.33 ULX10 source 34 12 01 54.55 -18 53 03.23 2.87 0.1-10.0 PL 6.48 ULX11 source 35 12 01 54.77 -18 52 52.43 3.24 0.1-10.0 PL 1.24 ULX12 source 37 12 01 54.98 -18 53 15.07 4.55 0.1-10.0 PL 1.65 ULX13 source 42 12 01 55.65 -18 52 15.06 6.14 0.1-10.0 PL 1.21 ULX14 source 44 12 01 56.43 -18 51 57.85 5.73 0.1-10.0 PL 1.89 ULX15 source 49 12 01 58.22 -18 52 04.51 1.54 0.1-10.0 PL 1.84

NH from Stark et al. (1992). Finding charts (Fabbiano et al. 2001); X-ray luminosities calculated by assuming a 5 keV bremsstrahlung model and Galactic absorption, not from best fit; evidence for emission lines in the spectra of sources ULXs 2, 4, and 13; ULXs 3, 9, 10, 11 associated with radio sources; ULXs 2, 4, 6, 7, 9, 10, 11, 12, 13 associated with optical counterpart and ULXs 1 and 3 possibly associated with optical counterpart (Zezas & Fabbiano 2002). ULX14 variable during the Chandra observation, and ULXs 4, 13, and 14 variable in timescales of years (Zezas et al. 2002b). ULX 3: a variable supersoft X-ray source with X-ray luminosity between 1.7×10^{38} − 1.4 × 10^{40} ergs s^{−1}(Zezas et al 2002a), only detected at energies below 2 keV (Fabbiano et al. 2003).

• NGC 4088 SAB(rs)bc +4.0 17.00 2.0 11.14 7.56 – ULX1 IXO 42 12 05 32.6 +50 32 46 3.16 2-10 30

In the disk of the edge-on spiral galaxy; also known as NGC 4088 X-1 as the nucleus. X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CP02 and RW00.

• NGC 4136 SAB(r)c +5.0 9.7 1.6 11.60 9.94 12.51 ULX1 NGC 4136 X-1 12 09 22.6 29 55 51 2.5 0.5-8 65 ULX2 12 09 22.2 29 56 00 2.6 0.5-8 62 PL+MCD 1.77+0.12

ULX1: at spiral arm; faded by a factor about 20 over the six years between its initial detection in ROSAT observations (LLJ00) and the Chandra obs. (Roberts et al. 2004); coincident with a HII regions (Roberts et al. in prep.). ULX2: at spiral arm; the soft component of disappears in the following obs. three months later (Roberts et al. 2004).

• NGC 4151 SAB(rs)ab +2.0 20.30 2.1 10.83 7.50 – ULX1 IXO 43 12 10 07.9 +39 23 12 2.0 2-10 301 ULX2 NGC 4151 X-2 12 10 22.6 +39 23 16 1.0 2-10 140 ULX3 NGC 4151 X-1 12 10 22.4 +39 21 46 1.1 0.1-2.4 185.6

At the west of the Seyfert nucleus. See Warwick, Done, & Smith (1995) for a more detailed discussions of ULXs 1 and 2; ULX2 most likely IXO 44 in CP02; X-ray luminosity of ULXs 1 and 2, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02), while ULX3 calculated with Γ = 2 (RW00).

• NGC 4203 SAB0 -3.0 14.48 1.3 11.56 7.51 13.31 ULX1 IXO 45 12 15 15.7 +33 10 20 1.0 2-10 160

To the southeast of the elliptical galaxy; near the QSO Ton 1480 (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also RW00.

• NGC 4244 SA(s)cd +6.0 3.6 10-40 10.57 8.11 11.18 ULX1 12 16 56.927 +37 43 35.89 2.2 0.5-10 569.7 PL 4.9

An edge-on spiral galaxy at a distance of ∼3.6 Mpc (Olling 1996; Fry et al. 1999). Finding chart (Cagnoni et al. 2003); One of the least luminous and softest ULXs. ULX1: also known as 1WGA J1216.9+3743; very stable; a possible R∼23.7 counterpart; no radio counterpart; no significant variation between two obs. span 9 years but with short-term variability (Cagnoni et al. 2003).

• NGC 4254 SA(s)c +5.0 32.09 2.5 10.09 7.11 8.95 ULX1 IXO 46 12 18 56.1 +14 24 18 31.6 2-10 109

In the disk of the spiral galaxy, with a bright optical counterpart visible in the DSS image (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02).

• NGC 4258 M106 SABbc +4.0 6.4 1.2 9.29 5.60 9.43 ULX1 12 18 55.43 +47 17 59.2 4.1 0.1-2.0 35.5 BR 0.48

See RPS97.

• NGC 4321 M100 SAB(s)bc +4.0 16.1 2.4 10.21 6.81 9.30 ULX1 NGC 4321 X-1 12 22 51.1 +15 49 33 1.48 0.1-2.4 59.2 ULX2 NGC 4321 X-3 12 22 58.6 +15 49 07 1.23 0.1-2.4 52.6 ULX3 source C1 12 22 54.78 +15 49 18.3 2.00 0.4-7 2.7 ULX4 source C2 12 22 54.13 +15 49 11.9 1.58 0.4-7 13.3 ULX5 source C3 12 22 54.76 +15 49 15.9 1.00 0.4-7 4.7 ULX6 source C6 12 22 46.10 +15 48 49.7 1.26 0.4-7 134.1 ULX7 IXO 47 12 22 43.0 +15 44 00 3.16 2-10 483 ULX8 IXO 48 12 22 48.4 +15 43 09 1.58 2-10 507 ULX9 IXO 49 12 23 08.6 +15 51 23 2.0 2-10 299

A ”grand-design” late-type spiral, located in the Virgo cluster. ULXs 3 (C1), 4 (C2), 5 (C3), and 6 (C6) X-ray luminosiy assuming a thermal bremsstrahlung model with kT = 2 keV (Kaaret 2001). ULX3: significant variability between two Chandra obs. on 1999 Nov. 6 and 2000 Jan. 15. ULX4: also ROSAT source H21; possibly variable. ULX6: undetected with ROSAT. ULXs 7, 8, and 9 located in the disk of the nearby spiral galaxy; X-ray luminosity of the ULXs 7, 8, and 9, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). ULXs 7 and 8 also sources H13 and H14 (respectively) in the ROSAT HRI study by Immler, Pietsch & Aschenbach (1998). See also RW00. NGC 4321 X-4 (RW00) is SNR of SN 1979C (Immler et al. 1998)

• NGC 4374 M84 E1 -5.0 17 2.6 9.98 6.35 – ULX1 IXO 50 12 25 05.1 +12 53 06 10.0 2-10 21.8 ULX2 IXO 51 12 25 15.4 +12 56 02 3.98 2-10 237

The galaxy within the core of the Virgo Cluster. ULX1: a slightly resolved X-ray source located just east of the nucleus of the elliptical galaxy; ULX2 positioned at the northeast of NGC 4374 (CP02); X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). There is also an X-ray bright QSO near NGC 4374. See also FKT92, CM99, Finoguenov & Jones (2001; 2002), and Colbert et al. (2004).

• NGC 4395 SA(s)m +9.0 3.6 1.3 10.7 11.10 11.31 ULX1 NGC 4395 X-1 12 26 01.9 +33 31 31 2.1 0.1-2.4 177.9

Located at the east of the dwarf galaxy (CP02); also known as NGC 4395 X2 (LLJ00) and IXO 53 (CP02); no optical counterpart; X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00). See Iwasawa et al. (2000).

• NGC 4406 M86 S0(3)/E3 -5.0 16.8 2.62 9.81 6.28 – ULX1 12 26 11.7 12 56 46.7 4.53 0.2-2.4 2.7

Bright elliptical, in the Virgo cluster (CM99); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (RW00).

• NGC 4438 SA(s)0 +0.0 16.80 2.5 10.93 7.38 11.42 ULX1 IXO 54 12 27 57.5 +13 02 30 7.94 2-10 209

At the northeast of the edge-on spiral galaxy (CP02); X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also RW00.

• NGC 4472 M49 E2/S0(2) -5.0 16.8 1.58 9.09 5.51 – ULX1 IXO 55 12 29 13.1 +07 57 40 1.26 2-10 516 ULX2 IXO 56 12 29 22.3 +07 53 31 2.5 2-10 528 ULX3 IXO 57 12 29 23.9 +07 54 00 6.31 2-10 491 ULX4 IXO 58 12 29 27.9 +08 06 34 2.5 2-10 483 ULX5 IXO 59 12 29 35.1 +08 09 37 2.0 2-10 603 ULX6 IXO 60 12 29 39.9 +07 53 32 7.94 2-10 398 ULX7 IXO 61 12 30 06.7 +08 02 05 1.58 2-10 325

All positioned in the halo of the elliptical galaxy (CP02); X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also Irwin & Sarazin (1996).

• NGC 4485/90 SB(s)d/IB(s)m +10.0/7.0 7.8 2.0 12.51 11.6/7.5 – ULX1 NGC 4485 X-1 12 30 30.6 +41 41 42 4.6 0.5-8 18 MCD 1.40 ULX2 NGC 4490 X-4 12 30 43.2 +41 38 18 4.4 0.5-8 81.9 MCD 1.19 ULX3 12 30 30.8 +41 39 11 4.6 0.5-8 PL 1.80 ULX4 NGC 4490 X-2 12 30 36.3 +41 38 37 2.6 0.5-8 13.9 PL 1.80 ULX5 NGC 4490 X-1 12 30 32.3 +41 39 18 2.6 0.5-8 67.2 PL 1.73

An interacting system containing a late-type spiral with an enhanced star formation rate (NGC 4490: MB =-19.55), and an irregular companion that possesses a disturbed morphology (NGC 4485: MB =-17.65). 29 Chandra discrete X-ray sources coincident with NGC 4490 and one within NGC 4485 (finding chart, Roberts et al. 2002). All ULXs in star formation regions, providing further evidence of the link between the ULX phenomenon and active star formation; long-term variable except ULX3, but no short-term variable; identified as probable black hole X-ray binary systems. ULX1: also known as IXO 62, noted as the nucleus; ULX4: noted as the nucleus (RW00). See CM99 and CP02.

• NGC 4501 M88 SA(rs)b +3.0 16.8 2.48 10.27 6.33 9.60 ULX1 12 32 00.1 14 22 28 1.7 0.5-10 166 ULX2 12 32 00.8 14 24 42 3.7 0.5-10 40 PL 2.3

X-ray luminosity of ULX1 calculated by assuming a Γ = 2 power-law and NH = 3.0 × 10^{20} cm^{−2} (Foschini et al. 2002a).

• NGC 4552 M89 E0 -5.0 16.8 2.57 10.53 6.86 – ULX1 IXO 63 12 35 19.2 12 33 17 3.16 2-10 303 ULX2 IXO 64 12 35 29.4 12 31 10 2.0 2-10 205

All positioned in the halo of the elliptical galaxy (CP02); X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CM99.

• NGC 4559 SAB(rs)cd +6.0 9.69 1.5 10.23 7.96 10.46 ULX1 NGC 4559 X-1 12 35 51.71 +27 56 04.1 19 0.3-12 123 BB+PL 0.12+2.1 ULX2 NGC 4559 X-4 12 35 58.55 +27 57 41.8 13 0.3-10 12 PL 1.99 ULX3 12 35 57.8 +27 58 07 2.9 0.5-8 31

Distance (Sanders et al. 2003). ULXs 1 and 2: also known as X7 and X10 in Volger et al. (1997), and IXO 65 and 66 in CP02. ULX1: coincident with a star-forming complex on the outer edge of the disc (Vogler, Pietsch & Bertoldi 1997); 4 optical counterparts in the error circle of ULX1; HII regions detected close to ULX1 (Roberts et al. in prep.); a strong IMBH candidate. ULX2: near but not at the nucleus; no counterpart; IMBH candidate; best-fit of Chandra observation in 2001 at low X-ray luminosity is MCD with temperature of 1.14-1.30. ULX3: at inner disc, possibly a transient. See Cropper et al. (2004) and Roberts et al. (2004) for details. See also Soria et al. (2003).

• NGC 4565 SA(s)b +3.0 9.7 1.3 10.18 6.13 10.09 ULX1 IXO 67 12 36 17.40 25 58 55.5 2.5 0.5-10 51 PL 1.9

ULX1: also ROSAT src RX J1236.2+2558 (Vogler et al 1996) and NGC 4565 ULX4 (Foschini et al. 2002a); in the halo of the edge-on spiral galaxy (CP02); coincidence with a faint globular cluster (Wu et al. 2002); a ULX rather than an AGN (Mizuno et al. 1999); best-fit from XMM obs. (Foschini et al. 2002a); Chandra obs. (Terashima & Wilson 2003). The X-ray luminosity of ULX2 in Foschini et al (2002a) is 8 × 10^{38} if the best-fit of black body model, instead of power-law model, is used. See also Makishima et al. (2000).

• NGC 4631 SB(s)d +7.0 3.5 1.3 9.64 6.62 8.18 ULX1 NGC 4631 X-1 12 41 55.7 +32 32 12 1.23 0.1-2.4 147.7 ULX2 IXO 68 12 42 11.1 +32 32 36 1.34 0.3-7.0 52 MCD 1.4

X-ray luminosity of ULX1, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00). ULX2: also named PSX-1, with NH =290 from X-ray fit (Humphrey et al. 2003); in the disk of the edge-on spiral galaxy; varied by a factor of 2 during HRI observations; see Vogler & Pietsch (1996) for a more detailed discussion of the X-ray properties. See also RPS97, Dahlem et al. (1998), RW00, CP02, and Colbert et al. (2004).

• NGC 4649 M60 E2 -5.0 16.8 2.0 9.63 5.82 – ULX1 12 43 37.2 +11 31 43 1.5 0.3-10 96.1 ULX2 IXO 69 12 43 36.4 +11 30 09 8.1 0.3-10 158 ULX3 IXO 71 12 44 08.9 +11 33 33 4.5 0.3-10 377 ULX4 IXO 70 12 44 07.2 +11 35 25 2.0 2-10 373

Distance (Tonry et al. 2001). Together with a close Sc companion galaxy NGC 4647 called Arp 116 or VV 206. All ULXs in the halo of the elliptical galaxy M60 (in the Virgo cluster). X-ray luminosity of ULX 1, 2 and 3, calculated assuming power-law Γ = 1.78 and the Galactic hydrogen column (Randall et al. 2003), and for ULX 4, Γ = 1.7 (CP02). ULX1: also M60 src 76, variable. ULX-2: M60 src 136, possible USNO-A2.0 optical counterpart and associated with globular cluster. ULX-3: M60 src 165, possible USNO-A2.0 optical counterpart; variability of 50% from two HRI observations (CP02). See Randall et al. (2003) for details. See also FKT92.

• NGC 4697 E6 -5.0 10.5 2.2 9.92 6.50 – ULX1 source 82 12 48 24.44 -05 45 57.9 1.12 0.3-10 211.22

Elliptical galaxy. Distance based on planetary nebulae study (Mendez et al. 2001). X-ray luminosity obtained assuming thermal bremsstrahlung with kT = 8.1 keV (see Sarazin et al. 2001). See also Colbert et al. (2004).

• NGC 4861 SB(s)m +9.0 17.8 1.26 – 13.20 – ULX1 IXO 72 12 59 00.9 +34 50 42 6.31 2-10 67 ULX2 IXO 73 12 59 02.0 +34 51 11 20. 2-10 35

All located in the irregular galaxy. ULX2: varied by a factor of 5 between two separate HRI observations(CP02); X-ray luminosity of the ULXs, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See also Stevens & Strickland (1998).

• NGC 5033 SA(s)c +5.0 18.7 10.60 7.16 9.80 ULX1 13 13 29.46 36 35 17.3 1.6 2-10 36.3 ULX2 13 13 29.66 36 35 23.1 8.9 2-10 36.1

See Terashima & Wilson (2003) for Chandra obs.

• NGC 5055 SA(rs)bc +4.0 7.20 1.4 9.58 5.73 8.71 ULX1 NGC 5055 X-2 13 15 19.6 +42 02 58 3.98 0.1-2.4 340.8 ULX2 NGC 5055 X-5 13 15 47.0 +42 01 52 1.02 0.1-2.4 31.3

In the outer disk of the spiral galaxy (CP02). ULX1: also known as IXO 74; quite variable. X-ray luminosity of the ULXS, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00). See also RPS97.

• NGC 5128 Cen A S0 pec -2.0 3.5 7.94 7.18 3.99 7.19 ULX1 IXO 76 13 25 19.9 -43 03 17 3.0 0.1-2.4 150 PL 2.48 ULX2 IXO 75 13 25 07.4 -43 04 06 2.0 2-10 430

Both ULXs in the halo/bulge of Cen A, the nearest active galaxy; 246 point Chandra sources (Kraft et al. 2001). ULX1: coincident with a bright optical counterpart in the DSS image (CP02); recurrent transient; first detected in ROSAT; detected in Chandra observation on 1999 Dec. 05, but not on 2000 May 17, a decrease in X-ray luminosity by more than a factor of 500. X-ray luminosity of ULX1 and ULX2, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ= 2 and 1.7, respectively, and the Galactic hydrogen column (RW00; CP02). See Turner et al. (1997), Steinle, Dennerl, & Englhauser (2000), and Kraft et al. (2001) for a more detailed discussion. ULX2: variability (CP02). See Colbert et al. (2004).

• NGC 5204 SA(s)m +9.0 4.8 1.5 11.64 10.12 12.10 ULX1 NGC 5204 X-1 13 29 38.6 58 25 06 6.9 0.5-8 17 PL/Br 2.4/2.6

Near an H II region complex in the irregular galaxy with an HII region nucleus (Ho, Filippi & Sargent 1995). ULX1: also known as IXO 77 (CP02); long-term light curve of X-ray flux (Roberts et al. 2004); three HST young stars (V=20.3, 22.0, 22.4, V-I=0.6, 0.1, -0.2) incident with ULX1 (Roberts et al. 2001; Goad et al. 2002); BL Lac object? (Roberts et al. 2001); optical counterpart of a B0 Ib star (Liu, Bregman, & Seitzer 2004). See also FKT92, CM99, LLJ00 and RW00.

• NGC 5194/5 M51 SA(s)bc/SB01 pec +4.0/90 7.7 1.5 9.2/10.6 5.60 7.86 ULX1 IXO 78 13 29 39.45 47 12 43.7 1.15 0.5-8 142 MCD 1.58 ULX2 NGC 5194 X-2 13 29 43.30 47 11 34.7 2.74 0.5-8 101 MCD 0.084 ULX3 13 29 50.67 47 11 55.1 3.95 0.5-8 31.4 PL 1.55 ULX4 13 29 53.31 47 10 42.3 1.47 0.5-8 10.7 PL 1.55 ULX5 NGC 5194 X-5 13 29 53.72 47 14 35.9 1.02 0.5-8 161.7 MCD 2.2 ULX6 NGC 5194 X-6 13 29 58.38 47 15 47.4 2.74 0.5-8 245.6 MCD 0.102 ULX7 NGC 5194 X-7 13 30 01.02 47 13 44.0 2.7 0.5-8 138.2 PL 1.24 ULX8 NGC 5194 X-9 13 30 07.56 47 11 05.9 3.1 0.5-8 150 PL 2.26 ULX9 NGC 5195 X-1 13 30 06.03 47 15 42.4 1.09 0.5-8 80.7 PL 1.32

All ULXs in the spiral arms of M51. Two Chandra observations in 2000 June and 2001 June Terashima & Wilson (2004). ULX1 (=NGC 5194 src 5 in Terashima & Wilson (2004)): decreased a factor of 2.5 between the Chandra obs. ULX2 (=NGC 5194 src 9): also known as IXO 79 (CP02); supersoft sources; variability (CP02). ULX3 (=NGC 5194 src 26): showing remarkable spectrum & variability with emission lines and hard spectrum. ULX4 (=NGC 5194 src 37): only detected in the 2001 June Chandra obs., not in the 2000 obs. ULX5 (=NGC 5194 src 41): no variability during the two Chandra obs. ULX6 (=NGC 5195 src 5): supersoft source; ULX7 (=NGC 5194 src 69): also IXO 80 (CP02); remarkable spectral variability; probably orbital period of 2.1 h and likely LMXB (Liu et al. 2002); the photon flux decreased by a factor of more than 13 from 2000 to 2001 obs.; the first Chandra spectrum relatively hard Γ=1.24 or kTin=2.3 keV, while the second spectrum extremely soft fitted with power-law Γ >5.1 or MCD model of kTin=0.17 keV. ULX8 (=NGC 5194 src 82): also known as IXO 81 (CP02); spectrum flattened with Γ= 2.26 in June 2000 to 1.86 shows 50% variability. in June 2001 and flux decreased by 40%. ULX9 (NGC 5195 src 12): no variability during two the Chandra obs. See See also Palumbo et al. (1985), Fabbiano & Trinchieri (1987), FKT92, Ehle, Pietsch & Beck (1995), Marston et al. (1995), RPS9,7 RW00.

• NGC 5236 M83 SAB(s)c +5.0 5.43 3.98 8.08 4.75 6.95 ULX1 IXO 82 13 37 20.1 -29 53 46 1.58 2-10 239

In the outer disk of the face-on spiral galaxy, Cen A group; starburst galaxy. X-ray luminosity of the ULX, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See Ehle et al. (1998), Immler et al. (1999), and Soria & Wu (2000) for detailed X-ray studies of M83; two HRI observations of this sources differing by a factor of 2. See also LLJ00.

• NGC 5408 IB(s)m +9.7 4.8 5.66 – – – ULX1 14 03 19.61 -41 22 59.6 11 0.3-8 49

Dwarf irregular galaxy with distance (Karachentsev et al. 2002). ULX1: also known as 2E 1400.2-4108; a 4.8 GHz radio counterpart with a flux of 0.26 mJy, long-term X-ray luminosity variability at a level of 40% (Kaaret et al. 2003). See also Fabian & Ward (1993) and CM99.

• NGC 5457 M101 SAB(rs)cd +6.0 7.2 1.2 7.92 5.94 8.05 ULX1 NGC 5457 X-10 14 03 03.9 54 27 33 3.42 0.3-10 388.8 MCD 1.33 ULX2 XMM-2 14 03 14.3 54 18 05 2.7 0.3-10 172.6 PL+MCD 1.41+0.30 ULX3 NGC 5457 X-24 14 04 14.2 54 26 03 3.15 0.3-10 599.9 PL+MKL 2.59+0.98 ULX4 NGC 5457 X-3 14 02 28.5 54 16 24 1.35 0.3-10 499.4 MCD 1.01 ULX5 NGC 5457 X-27 14 04 29.1 54 23 53 1.01 0.3-10 673.3 MCD 0.16 ULX6 NGC 5457 X-20 14 03 41.2 54 19 03 1.01 0.3-10 271.2 PL+BB 0.36+0.12 ULX7 NGC 5457 X-18 14 03 32.40 54 21 03.1 1.32 0.5-8 159.5 BB 0.14

Distance (Stetson et al. 1998). XMM finding chart with source No. (Jenkins et al. 2004). ULX1: also named as XMM-1; coincident with the SNR MF37 in outer spiral arm; long-term variability with a factor of 3-4 and also weak short-term variability. ULX2: also named as Chandra source No. 48 (Pence et al. 2001); coincident with the ROSAT src H25(P17) with short-term variability; XMM obs. showing 30 times more luminous than ROSAT and Chandra obs; an X-ray transient src (Jenkins et al. 2004). ULX3: also known as IXO 83 (CP02) and XMM-3; in the outer disk of M101; not coincident with obvious star formation; strong variability by a factor of about 2 on timescales of days; long-term variation. ULX4: also named as XMM-4; in the giant HII complex; long- and short- term variable. ULX5: also named as XMM-7 and ROSAT source H49; coincident with the SNR, NGC 5471B; A hypernova remnant (Wang 1999) or X-ray binary. ULX6: also named as XMM-13 and Chandra src No. 107 in Pence et al. (2001); coincident with NGC 5461 of a bright giant region; long-term variability. ULX7: also ROSAT src H32 and P98; highly luminous ultra-soft ULX and highly variable (Pence et al. 2001; Mukai et al. 2003). See RPS97 and Wang, Immler & Pietsch (1999) for ROSAT analyses of M101. See also RW00, LLJ00, CP02 and Colbert et al. (2004).

• Circinus SA(s)b +3.0 3.8 30 10.89 5.04 7.30 ULX1 CG X-1 14 13 12.3 -65 20 13 3.4 0.5-10 36.8 MCD 1.35 ULX2 CG X-2 14 13 10.0 -65 20 44 10. 0.5-10 23 PL 1.62 ULX3 14 13 10.3 -65 20 17 1.4 0.5-10 6.9 PL 2.72 ULX4 14 13 10.4 -65 20 22 2.09 0.5-10 7.6 PL 0.68

Distance (Freeman et al. 1977). ULX1: source F in Smith & Wilson (2001); associated with a 22.2^m HST object within the spiral arm; completely absent from the ROSAT image, but no short-term variable; bright point like radio and optical counterpart, likely SNR (Bauer et al. 2001). ULX2: source J in Smith & Wilson (2001): probably 7.5 h orbital period (Bauer et al. 2001); X-ray luminosity 3.7-10.×10^{39} ergs s^{−1}; apparently an XRB with a BH mass exceeding 80M⊙. ULX3: source G in Smith & Wilson (2001); within the inner 40 pc star formation ring. ULX4: source H in Smith & Wilson (2001); variable. See Smith & Wilson (2001) for details.

• NGC 5775 SBc +5.0 22.41 3.16 12.53 7.76 9.92 ULX1 IXO 84 14 53 44.7 +03 33 30 2.5 2-10 201

Near NGC 5774 and NGC 5775 in the NGC 5775 group; X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CP02 and RW00.

• NGC 6500 SAab +1.7 39.7 13.05 9.26 13.10 ULX1 17 56 01.59 18 20 22.6 2.3 2-10 2.8

See Terashima & Wilson (2003) for details of the Chandra observation.

• NGC 6946 SAB(rs)cd +6.0 5.9 20.2 9.90 5.55 7.64 ULX1 20 34 37.0 60 09 26 1.3 0.1-2.4 110.4 ULX2 NGC 6946 X-9 20 35 00.12 60 09 07.9 1.8 0.5-5 59 PL 4.9 ULX3 NGC 6946 X-11 20 35 00.74 60 11 30.8 8.4 0.5-5 187.0 MKL+PL 0.78+2.2

A relatively nearby grand-design spiral galaxy with strong nuclear starburst activity (Elmegreen, Chromey, & Santos 1998); distance (Karachentsev, Sharina, & Huchtmeier 2000) and average hydrogen column density (Schlegel, Finkbeiner, & Davis 1998); many very luminous X-ray SNRs in NGC 6946. ULX1: known as NGC 6946 X1, no obvious optical counterpart (LLJ00); X-ray luminosity of ULX1, calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 2 and the Galactic hydrogen column (RW00). ULX2: known as NGC 6946 X7 (LLT00), IXO 85 (CP02) and X-ray source No. 56 (Holt et al. 2003); near the center of the face-on spiral galaxy; not SNR (see Schlegel, Blair, & Fesen 2000) for details; variable by a factor of 2.5 between two different HRI observations. ULX-3: also known as NGC 6946 X8 in LLJ00 and X-ray source No. 58 (Holt et al. 2003), nearly constant for at least 10 yrs; coincident with the ultraluminous SNR MF16, but lack of pronounced X-ray spectral features; a black hole X-ray binary within MF 16 (Roberts & Colbert 2003). See also CM99, RW00, LLJ00, and Larsen et al. (2002).

• NGC 7314 SAB(rs)bc +4.0 18.96 1.58 11.65 8.31 11.32 ULX1 IXO 86 22 35 48.3 -26 01 26 2.5 2-10 9.4

In the outer disk of the spiral galaxy. X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CP02 and Radecke (1997).

• NGC 7590 SA(rs)bc +4.0 21.28 2.0 12.19 8.48 10.83 ULX1 IXO 87 23 18 55.9 -42 13 53 6.31 2-10 2.7

In the disk of the Seyfert galaxy. X-ray luminosity calculated from the ROSAT HRI count rate assuming a power-law spectrum with Γ = 1.7 and the Galactic hydrogen column (CP02). See CP02 and Ueda et al. (2001).