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Abstract. We report the discovery of large-amplitude X-rayDutbursts with amplitudes exceeding a factdr0—20 are very
variability from the direction of the previously unknown, opti+are even among AGN, though. Therefore, it was quite surpr
cally inactive galaxy pair RXJ1242.6-1119. The X-ray sourdag when giant X-ray outbursts (factged.00 in countrate) from
shows variability by a factok, 20 between th&ROSATall-sky the two optically ‘rather’ inactive galaxies IC 3599 (Brandt e
survey and a later pointed observation separatedh$ yr. Its al. 1995, Grupe et al. 1995) and NGC 5905 (Bade et al. 19
spectrum is extremely soft with photon indEx~ —5, among Komossa & Bade 1999) were discovered. Both outbursters wi
the steepest ever observed among galaxies. Based on the redstftacterized by very soft X-ray spectra and reached high o
derived from the optical spectra;0.05, the source’s intrinsic burst luminosities.
luminosity is large,L, 2 910 ergs'. Surprisingly, the op- The ROSATall-sky survey (RASS; Voges et al. 1996) pro
tical spectra of both galaxies are characterized by absorptiddes an excellent data base to search for further cases of
lines and do not show signs of (Seyfert) activity. This makesit X-ray variability. Such outbursts provide a powerful to
RXJ1242-11 the third candidate for giant-amplitude variabilityp probe for the existence of SMBHs in nearby galaxies a
in an otherwise non-active galaxy, the first two being NGC 45%@ study the physics of accretion events. In particular, Re
(inthe UV; Renzini et al. 1995) and NGC 5905 (in X-rays; Badg988,1989,1990) proposed to use the UV-X-ray flares expec
etal. 1996, Komossa & Bade 1999). Several mechanisms to &®m the tidal disruption events of stars swallowed by SMBH
plain this unexpected and peculiar behavior are investigatéaldetect these SMBHSs in nearlmgn-activegalaxies.
The most likely one seems to be an accretion event onto an RXJ1242-11, serendipituously located in the field-of-vie
otherwise dormant supermassive black hole (SMBH), e.g., bpa ROSATPSPC pointing, was originally selected for optic
tidal disruption event. follow-up observations due to its very soft X-ray spectrum i

the course of the extension of the identification program of s
Keywords: accretion, accretion disks —galaxies: active —galagersoft X-ray sources from the RASS (Greiner 1996) to point
ies: individual: RX J1242.6-1119 — galaxies: nuclei — X-raysbservations of nearby galaxies. We report here the optical
galaxies X-ray properties of this previously unknown source (Sect.
and discuss scenarios to account for its very peculiar varia
ity behavior (Sect. 3). Luminosities given below are calculat
assumingH, = 50 km/s/Mpc.

1. Introduction

Giant X-ray outbursts among galaxies, even the active ones, are

rare. ‘Normal’ galaxies, starbursts, and most LINERS show c0§- pata reduction and analysis
stant soft X-ray emission (e.g., Fabbiano 1989, Vogler & Pietsch

1999, Komossa et al. 1999) and X-ray luminosities of typical.1. Optical observations

8—40 1 _ - _bri i . . .
10° ergs . Some off-nuclear, X-ray-bright point SOurceSS%)ectra and images were acquired at the 1.5m Danish teles

several of them variable, have been detected recently but tr& ¥so/La Silla on January 24 and 26, 1999, equipped wi
seldom exceed fBergs! (e.g., Imm!er etal. 1998, Komossagrqge. A grism with 300 grooves per’ mm V\,/as used yiel
& Schulz 1998, and references therein). In contrast, many actms a dispersion of 3.é/pixel on the 2052*2052 backside il-

galactic nuclei (AGNLZy %, 10" erg s ") areknowntobe X-ray \;ninated L ORAL/LESSER CCD. With &5 slit the FWHM
variable by typically a factor 2-3 (e.g., Mushotzky et al. 1993$esoluti0n is 12, Exposure times were 900 and 2200 sec, r

Send offprint requests 1&t. Komossa (skomossa@mpe.mpg.de) spectively_, and the spectra were debiase(_j, flatfielded and c
* Partly based on observations obtained at the European SoutHaiated (with the standard star GD 108) using standard MID
Observatory, La Silla, Chile. procedures.
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Fig. 2. Spectra of the two galaxies with the brighter one rebinned by a
factor of 4 to match the bin size with the spectral resolution (top panel)
and the fainter one rebinned by a factor of 8 (bottom panel). Prominent
absorption lines are marked, together with the expected locations of
undetected emission lines of [ON3727, [OIII]A\5007 and [SIIN6717
(dashedlines, fromlefttoright). The feature near 4B0thich appears

in both spectra is due to the improper subtraction of a large, spherical

Fig. 1. A 2/5x2/5 V band image of the region around RX31242.69|stort|on in the flatfield image. The absorption near 7806 atmo-

1119. The circle marks the X-ray position uncertainty of 4adius. spheric in origin.

“A’ and “B” denote the galaxy pair, and numbers 1-4 mark faint objects

in the error circle, sorted according to brightness: 21.8, 22.0, 22.0

and 22.4 mag, respectively (derived by comparison with USNO star )
U075007951099 which is labeled “C”). 2.2. X-ray observations

The region of RX J1242-11 was observed twice withR@SAT
_ . o ) f(TrUmper 1983, Briel etal. 1994) PSPC. Firstin December 1990
Results: Image.The image shown in Fig.1 is the sum Of ja4,5ry 1991 during the RASS, then serendipituously in a
18 acquisition images (effective exposure time of 7 mijyintaq ohservation of July 1992 where RX J1242-11 is located
and reveals a close pair of galaxies within the X-ray ejgy off axis. Details of the observations are given in Table . The
ror C|rcle._ These ga.lIaX|_es were not resolved on the PO%Soﬁa reduction was carried out in a standard manner. In brief,
thus leading to entries in the USNO-AL.0 catalogue (MONg{ 16 spectral and temporal analysis of the PSPC pointed data
etal. 1998): U075M7951028 (the optically brighter one ofgy e photons were extracted within a circular region of ra-
V=14") and U075007951000 (V=16). They are proba- s 400/ centered on the target source. The background was
bly interacting, as indicated by a ‘light bridge’ between thgetarmined in a source-free ring around the target source and
two. Further ObJeCtS_ visible In the image are fainter thaf) i acted, The data were corrected for vignetting using the
y:21.8 mag. The optical coordinates (J2000) of the two galagy g software package (Zimmermann et al. 1994). To carry
ies area=12"42"38’5, 5:_1%019(21”(U075Q07951028) and .t the spectral analysis source photons in the amplitude chan-
a=1242"382, 6=-111915"(U075007951000). nels 11-240 were binned according to a constant signal/noise
Results: Spectralhe optical spectrum of the brighter of theatio of 5.
two gglaxies is chgracterized by strong absorption lines of Na |
5175A, Mg |1 5890A and H3 (Fig. 2; note that k4 overlaps with .
the atmospheric B band). Using the Mg | and Nal line we dg—'z'l' Temporal analysis
rive a redshift oz = 0.050 +0.001. The slope of the spectrumWhereas RX J1242-11 kxighterin X-rays than the galaxy on
suggests either an elliptical or early spiral type. The Balmer alhich the pointing was centered, M 104, RX J1242-Idadisde-
sorption lines indicate the presence of A stars. Both, these déegted at alduring the RASS. In contrast, M 104 is again clearly
Balmer lines as well as the strong drop of the flux beyond tidetected. This immediately reveals large-amplitude variability
Call H/K break argue against a classification as BL Lac objecf RX J1242-11.
No AGN-like forbidden emission lines, like [OIIN5007, are We estimate a@dupper limit countrate of 0.015 cts/s during
detected. the RASS observation. In the pointed observation, the source is
The spectrum of the second, optically weaker galaxy looksirtially hidden behind the detector support rib structure. Not
very similar to the first one (Fig. 2, lower panel). Using theorrecting for the partial shadowing effect, we derive a mean
same absorption lines as above, we derive the same redshiiairce countrate of 0.125).005 cts/s. Following the variation
z = 0.05. Although, again, this spectrum is not like those off the source’s countrate over the wobble paths, the countrate
AGN, we note that there appears to be some excess emisse@aches maximal values of 0.3 cts/s and we take this as the
close to the location of the [OIIN5007 line. best estimate for the undisturbed source emission. Comparison
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Table 1.Log of the X-ray observations and results from spectralfits, gives the exposure timé; R the countrate in the (0.1-2.4) keV band,
T'x is the photon index derived from the powerlaw spectrakfii,the black body temperature for the black body fit (see text for details). In b
cases, we fixedVy = Ngai. Errors inl'x andkT are quoted at 68% confidende, gives the intrinsic luminosity in the (0.1-2.4) keV band.

observ. date texp CR X-ray coor. (J2000) I'x Ly p1 KTy Ly bb
sec  cts/s RA DEC 1 erg/s keV 16 erg/s

RASS  28-29/12/90+17/1/91 270<0.015

point*  15-19/7/92 10567 0.3 1227369 -11°1935" -5.1+0.9 355 0.06:0.01 8.8

* Observation identification number 600258p

with the countrate upper limit derived for the RASS observatidinother strongly X-ray variable source, with an optical spe
reveals variability by a factor larger than 20. trum quite similar to RX J1242-11 will be presented by Grup
etal. (A&A, subm). Itis also worthwhile to mention NGC 362
which showed a@rop by a factor 20 irROSATux (Dahlem et
al. 1995). In the UV spectral region, an outburst was detect
Several spectral models were fit to the X-ray emission, startifigm the elliptical galaxy NGC 4552, interpreted by Renzi
with a powerlaw and cold absorption fixed to the Galactic valigt al. (1995) as accretion event (the tidal stripping of a stal
in direction of RXJ1242-11Ng. = 3.7410%° cm~2 (Dickey atmosphere by a SMBH, or the accretion of a molecular clou
& Lockman 1990). We find"y =—5.1 + 0.9 (x4 = 1.5). No
source photons are detected abeeKeV. TreatingNVy as free
parameter, the powerlaw becomes even stedper<(—9 and
Ny ~ 3 Ngal, but both parameters are no longer well corin the discussion below, we assume that indeed an outburst
strained). Alternatively, a black body was fit. This yields,;, curred, instead of a transient drop in luminosity. Whereas t
= 0.06+0.01keV for Ny = Nga and gives an excellent fit outburst character was well evidenced by the long-term X-r
(x%4 = 0.7). We repeated all spectral fits using a second badightcurve of NGC 5905 (cf. Fig. 9 of KoBa99), we only hav
ground region and find the same best-fit parameters within the measurements for RXJ1242-11 so far, one in low-state,
errors. Results are summarized in Table 1. in high-state. Besides the analogy to the previous outbursti

Using the powerlaw (black body) fit anffy = Nga, sources a further argument in favor of an outburst is that t
we derive an intrinsic X-ray luminosity of, = 35.5(8.8)x continuous X-ray emission of ‘normal’ galaxies usually do
10" ergs'. This is a lower limit on the actual peak luminositynot exceed 1¥ 4! ergs ™! and is extended.
emitted during outburst, since we most likely have not caught Further, we note that the presence of a Galactic foregrou
the source exactly at maximum light, since the spectrum malgject is unlikely, since further optical sources within the X
extend into the EUV, and since there may be excess absorptiaperror circle are extremely weak, and RXJ 1242-11 is at hi
along the line-of-sight. Each of the three effects could easiBalactic latitude (h=51°5). Given the highLx /L., value,
boostL, by an order of magnitude. an ISM accreting neutron star might come to mind, but t
strong X-ray variability would require an extreme ISM densit
gradient, thus leading us to reject this possibility.

Many outburst scenarios were already discussed for the ¢
In summary, the properties to be exp|ained by any outbuftNGC 5905 (KoBa99). Several (variable stellar sources, li
model are: (i) high outburst luminosity, (i) very soft X-rayX-ray binaries, supernovae (SN), or SNin dense medium) turn
spectrum, and (iii) optical spectrum of a non-active galaxy. Beut to be very unlikely since they cannot fulfill the tight con
low, we briefly compare with the few other cases of UV-X-raﬁ'[l’ain'[ set by the huge outburst luminosity. This similarly hol
variability among non-active galaxies reported so far, and thtgf RXJ1242-11. Further models (for details see the estima

discuss possible scenarios for RX J1242-11. and references in KoBa99) are discussed in turn:
Could we have witnessed the X-ray afterglow of a GRB

Thisis unlikely, since the “on” timescale of several days is mu
{80 long as compared to all known cases of GRB afterglo
(e.g., Greiner et al. 1999), which quickly faded witth & law
IC 3599 (Brandt et al. 1995, Grupe et al. 1995) and NGC 59@fer detection.

(Bade et al. 1996) both underwent giant X-ray outbursts. The The presence of a hidden Seyfert nucleus obscured b
optical spectrum of IC 3599 shows several indications of actigustywarm absorber is in conflict with the very steep observ
ity even in X-ray quiescence (Komossa & Bade 1999; KoBa9¢ray spectrum.
hereafter) which is not the case for NGC 5905. Its spectrum is Remaining scenarios link the activity to accretion onto
that of an HIl galaxy. Many outburst models were studied, aggntral SMBH in one of the two galaxies:
tidal disruption of a star by a SMBH (e.g., Rees 1988, 1990; (i) Accretiondiskinstability: Ifanaccretiondiskis presenti
Loeb & Ulmer 1997) was tentatively favored as explanatiothe system, the accretion rate would have to be rather low, si

2.2.2. Spectral analysis

3.2. Variability mechanisms

3. Discussion

3.1. Previous observations of large-amplitude X-ray outburs
in optically non-active galaxies
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there is no multi-wavelength evidence for an AGN. The didkminous €, > 910*3 ergs!), whereas the optical spectra
may then settle into the advection dominated (ADAF) modef both galaxies do not show evidence for Seyfert activity. We
Whereas ADAFs in general would be characterized by a largherefore suggest that RX J1242-11 is another of the rare cases
extent of the X-ray emitting region as compared to AGN, implyef giant UV/X-ray outbursts from non-active galaxies. The X-
ing less variability than usual (e.g., Ptak et al. 1998), a localizealy variability is most likely linked to an accretion event —e.g.,
instability in such a disk could still produce an outburst. Alsdyy the tidal disruption of a star as predicted by Rees (1988) —
the disk would be more compact in a Kerr metric. on a SMBH residing in the center of one of the two galaxies.
The thermal instability of slim accretion disks was stud- Such X-ray outbursts thus provide important information
ied by, e.g., Honma et al. (1991). They find the disk to exhibin the presence of SMBHSs in non-active galaxies, the accretion
burst-like oscillations for the case of the standarsliscosity history of the universe, and the link between active and normal
description and for certain values of accretion rate. However,galaxies. Further exploitation of tiROSATdata base and future
case of repeated such outbursts in RX J1242-11, one might silfay surveys (like the one that was planned viBRIXAJwill
expect to see permanent AGN-typical NLR emission lines (likee very valuable in finding further of these outstanding sources.

[on, o, anq [SH]) in the optlgal spectrum of this g_alaxy (in Acknowledgementdt is a pleasure to thank Joachimiimper, Hart-
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these clouds would have much higher densities than the NBGwitz, Thomas Boller, and Stefan Immler for a critical reading

and a correspondingly lower recombination timescale.) of the manuscript and/or for fruitful discussions, and the referee,
(i) Tidal disruption of a star: Depending on its trajectoryjane Turner, for her many useful comments. R@SATproject

a star gets tidally disrupted after passing a certain distancemss supported by the German BundesministeriiimHildung und
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Rees pointed out that these flares would be excellent indicators
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