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Abstract. We have discovered a transient X-ray source,
RX J1420.44-5334, which displays a ROSAT flux variation
of 2150 between the ROSAT All-Sky-Survey in 1990 and
a preceding pointed ROSAT observations in July 1990.
Optical observations suggest a non-active galaxy as the
only visible counterpart. We therefore tentatively identify
RX J1420.44-5334 as a tidal disruption event in a non-
active galaxy:.
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1. Introduction

Tidal disruption of stars in the gravitational potential of
massive black holes in the centers of galaxies has been rec-
ognized long ago as a way to prove the existence of mas-
sive black holes in otherwise non-active galaxies. During
the tidal disruption about 50% of the mass of the star are
stripped off and get unbound from the star (mostly inde-
pendent of impact parameter, masses and velocities; Ayal
etal. 2000). This material can eventually be accreted by
the black hole, leading to a flare of optical to X-ray emis-
sion lasting a few months to years. While originally pro-
posed to explain the activity in AGN (Hills 1975), a first
calculation of the frequency, temporal behaviour and spec-
tral signatures of tidal disruption events (Frank & Rees
1976, Young etal. 1977, Kato & Hoshi 1978, Lidskii &
Ozernoi 1979, Gurzadyan & Ozernoi 1980, Gurzadyan &
Ozernoi 1981) revealed both, the potential of such events
to learn more about the inner regions of galaxies as well as
the problems in observing these rare events (Rees 1988).
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* Partly based on observations collected at the German-
Spanish Astronomical Centre, Calar Alto, operated by the MPI
fiir Astronomie, Heidelberg, jointly with the Spanish National
Commission for Astronomy, and the WIYN telescope, operated
the the University of Wisconsin, Indiana University, Yale Uni-
versity, and the National Optical Astronomy Observatories.

Over the recent few years, tidal disruption has at-
tracted renewed attention, both theoretically and observa-
tionally. Loeb & Ulmer (1997) have studied the case that
a surrounding gaseous envelope could reprocess most of
the radiation from the accretion process into a thermal
spectrum of 10* K, thus being easily detectable in opti-
cal surveys rather than in X-ray surveys. Magorrian &
Tremaine (1999) have recalculated the stellar disruption
rates in detailed dynamical models of real galaxies, taking
into account the refilling of the loss cone of stars on dis-
ruptable orbits by two-body relaxation and tidal forces in
non-spherical galaxies. Ayal etal. (2000) have performed
simulations of the long-term evolution of tidally disrupted
stars and find that only about 10% of the stellar mass are
actually accreted by the central black hole.

On the observational side, the discovery of time-
variable UV or X-ray emission in distant, otherwise non-
active galaxies may provide the first indirect evidence
of tidal disruption events. Besides the early report on a
UV flare in NGC 4552 (Renzini etal. 1995), a few very
good candidates have been detected with ROSAT dur-
ing the recent years, such as the ~ 2 x 10%3 erg/s out-
burst in NGC 5905 (Bade etal. 1996, Komossa & Bade
1999), the > 9 x 10% erg/s flare in RXJ1242.6-1119
(Komossa & Greiner 1999), the ~ 10%* erg/s flare in
RXJ 1624.9+7554 (Grupe et al. 1999), or the ~ 10** erg/s
flare in RXJ 1331.9-3243 (Reiprich & Greiner 2000). In-
terestingly, in all these ROSAT discoveries the X-ray spec-
trum of the flares is extremely soft, of the order of 50-100
eV effective temperature. The time scales of these events,
though not in all cases well constrained, are of the order
of months to years. All these properties, together with the
fact that none of the corresponding galaxies shows any op-
tical sign of activity have led to the tentative identification
as being associated with disruption events.

Here we report on the discovery of another transient
X-ray source and the optical and X-ray follow-up obser-
vations.

2. Observational results
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Fig. 1. Long-term X-ray light curve of RX J1420.4+5334
with the only secure detection during the ROSAT All-Sky-
Survey. Because of the very soft spectrum we have used
a factor 7.8 for the HRI to PSPC count rate conversion
(Greiner et al. 1997). Upper limits are shown with arrows,
and the 1995 HRI detection of three photons is marked
with an open triangle. The inset shows the light curve
during the three days of the All-Sky-Survey. The large,
vertical dashes at the bottom denote the times of optical
observations.

2.1. ROSAT All-Sky-Survey

The search for supersoft X-ray sources in the ROSAT
PSPC All-Sky-Survey (Greiner 1996) revealed a few
sources for which neither confirmation through a ROSAT
follow-up observation nor a reasonable optical counterpart
could be found. One of these sources is RX J1420.4+5334
= 1RXS J142024.4+533403 = RBS 1376 (Schwope et al.
2000). It was detected during the PSPC All-Sky-Survey
between December 5-8, 1990 at a count rate of 0.28 cts/s,
resulting in the collection of a total of 255 counts. There
is no significant short-term variability within the 3 day
scanning coverage. The source position has been deter-
mined using only photons above 0.25 keV (to avoid posi-
tion deterioration by ghost images) to be: RA (2000.0) =
14120™m2432, Decl. (2000.0) = +53°34'11” with an error of
+20".

The spectrum is extremely soft as indicated by the
hardness ratio: HR1 = —0.92+0.03 which is defined as (H-
S)/(H+S), with H (S) being the counts above (below) 0.4
keV over the full PSPC range of 0.1-2.4 keV. Source pho-
tons were extracted with a radius of 4’. The background
was chosen at the same ecliptic longitude at ~1° distance,
corresponding to background photons collected typically
15 sec before or after the time of the source photons. Stan-
dard corrections were applied using the dedicated EXSAS
software package (Zimmermann et al. 1994). The spectrum
fitted with a blackbody model is shown in Fig. E, and Tab.
E summarizes the fit parameters, also including fits with
a power law and an accretion disk model.
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Fig. 2. Fit of a black body model to the X-ray spectrum
of RX J1420.445334 as measured during the ROSAT All-
Sky-Survey. The lower left panel shows the deviation be-
tween model and data in units of x? per spectral bin.

2.2. ROSAT pointed observations

Follow-up pointed ROSAT observations were performed
on July 10/11, 1995 and again on June 3, 1997. In both
cases the HRI was used. In the 1995 observation we detect
three X-ray photons at the position of RX J1420.4+5334,
corresponding to a likelihood of 6.2 (2.5 ¢). Because of
this marginal significance, we do not claim a detection, but
rather use these detected photons as an upper limit (Fig.
fl) on the count rate: 5.5x10~* HRI cts/s. The mean po-
sition of these photons, RA (2000.0) = 14"20™236, Decl.
(2000.0) = +53°34'16” with an error of +10” is shown
in Fig. E for comparison purposes. The 1997 observation,
with less than half of the 1995 exposure, results in an up-
per limit of 1.2x1073 HRI cts/s.

RXJ1420.4+5334 is serendipituously in the field of
view of a ROSAT PSPC pointed observation performed
during the calibration phase, though at a very large ofi-
axis angle of 49’. No source was detected (using standard
EXSAS commands), giving a 30 upper limit of 1.8x1073
PSPC cts/s (Fig. Eﬁ)

2.8. Optical observations

Investigation of the X-ray source position on the POSS
revealed only one bright optical object (labelled “A” in
Fig. E), at RA (2000.0) = 14"20™2434, Decl. (2000) = 53°
34’ 12”. We obtained a low-resolution spectrum of this R
~ 18.8 mag source using the 3.5m telescope at Calar Alto
on June 13, 1993. We used the Cassegrain spectrograph
with a 1024x640 RCA chip (pixel size 15 pum). A grating
with 240 A/ mm was used, allowing the range 4000-8500
A to be observed with a FWHM resolution of 10 A. The
spectrum was bias and flat-field corrected and calibrated
in wavelength using standard MIDAS reduction packages.
BD +25°4655 was used for flux calibration.
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Fig. 3. Finding chart of RX J1420.44-5334 based on the
sum of four B band images (total exposure of 2000 sec)
taken on May 26, 1996 at the 3.5m WIYN telescope. The
large circle marks the 30 X-ray error box of the ROSAT
All-Sky-Survey detection (20” radius), while the smaller
corresponds to the position of the photons detected in the
HRI (10" radius). The inset shows a zoomed portion of
the central part.

The optical spectrum is characterized by strong ab-
sorption lines of NaI 5175A, MgI 5890A and Ha (though
it is near the atmospheric A band), typical of an elliptical
or early spiral type. Using the MgI, Nal and Ha line we
derive a redshift of z = 0.14740.001. The Balmer absorp-
tion lines and the strong drop of the flux beyond the Call
H/K break argue against a classification as BL Lac object.
No AGN-like forbidden emission lines, like [OIIT]A5007,
are detected.

In order to search for optical variability, we embarked
on a more extensive photometry programme. Observations
were done at three locations, the Sonneberg Observatory
(Germany), the Special Astrophysical Observatory (Rus-
sia) and at the WIYN telescope at Kitt Peak (USA). Tab.
summarizes the logistic details. Throughout these obser-
vations we did not found any significant optical variability.

The imaging revealed a second, much fainter (R =~ 20.6
mag) source within the X-ray error circle (labelled “B”
in Fig. E) During some of the WIYN observations, at
very good seeing conditions of 079, this source is read-

Table 1. Log of Observations

Teles- Date Filter/ D® Tint
cope Wavelength  (hrs) (sec)
X-ray
R 150046P 1990 Jul 19-22 0.1-24 keV 777 11475
R survey 1990 Dec 5-8 0.1-24 keV 778 910
R 201999P 1995 Jul 10/11  0.1-2.4 keV ~ 30.7 5560
R 300577H 1997 Jun 3 0.1-2.4 keV 0.6 2150
Optical
CA 3.5m 1993 Jun 13 4000-8500 3600
SO 0.6 m 1994 Mar 30 white 2.5 30
SO 0.6 m 1994 Apr 14 white 2.9 60
SO 0.6 m 1994 Apr 19 white 3.2 30
SO 0.6 m 1994 May 27 white 3.0 60
WIYN 3.5m 1996 May 25 R/B 1.0 270
WIYN 3.5m 1996 May 26 B 0.3 500
WIYN 3.56m 1996 May 27 B 0.1 500
SAO 1.0m 1996 Jul 14 Vv 1.5 300

() The abbreviations mean: R = ROSAT, SO = Sonneberg
Observatory (Germany), CA = Calar Alto (Spain), SAO =
Special Astrophysical Observatory (Russia).

() Duration of the coverage.

ily seen to be extended (see inset of Fig. f]). Moreover,
the intensity distribution over the galaxy disk is very flat.
Since active galaxies typically have a very peaked inten-
sity profile (dominated by a bright central source), this
flat distribution argues for a non-active galaxy. The shape
and radial profile suggest an elliptical or early spiral sub-
type. Size and luminosity arguments then suggest that its
distance is about a factor 3-5 larger than that of source
“A”. A lower limit of z~0.07 can be placed by assuming
My ~ —16 mag, corresponding to the faint end of the
galaxy luminosity distribution.

Certainly, a spectrum of this galaxy would be very
helpful to verify these suggestions.

3. Discussion

We have presented evidence for a transient X-ray source
with an amplitude of a factor of >150 within 6 months.
The only optical counterparts down to 23rd magnitude
are two galaxies, the brighter of which is at a redshift of
z=0.147, and the fainter one probably a factor 3—5 more
distant. If the X-ray flare occurred in the brighter galaxy,
the unabsorbed, bolometric X-ray luminosity is 2.5x10%
erg/s (using the disk blackbody model with only galactic
foreground absorption and a normalization which fits the
z=0.147 distance; see last line in Tab. E) It should be
mentioned that this is a lower limit since most probably
we did not catch the peak of the flare, and the X-ray
emission may have suffered additional intrinsic absorption.
If the flare occurred in the fainter galaxy (B) then the
luminosity would probably be even larger, but certainly
not lower than 6x10%% erg/s (if at z~0.07).
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Table 2. Spectral fit results of RX J1420.4+5334
Model™® Fit parameters® X2 Flux® (0.1-2.4 keV)  Flux® (bol.
red
bbdy, free fit kT = 284+10 Ny = 2.0£0.1 0.96 7.9%10712 1.6x10~1
bbdy, Nu = N& kT = 38+10 0.90 8.8x107"? 4.1x107"2
powl, free fit a=-75+15 Ng=28+1.0 0.96 2.4x10712 -
powl, Ny = Ng!' o= —4.840.5 1.07 8.9x10™ % -
dibb, free fit M= 0.01£0.005 M = 10° (fix) Ng = 6.6£1.5 0.94 5.0x1071° 1.8x1076
dibb, Ny = N8 M=26+0.1 M = 10° (fix) 0.90 9.2x107"3 6.2x107'2
dibb, Ny = N8 M= 18401 M =7x10° Norm™®=2.9x10"° (fix) 0.90 9.2x107*8 6.4x10712

) The galactic column density is Nﬁal =1.2%x10%° cm™? (Dickey & Lockman 1990). The model abbreviations have the following
meaning: bbdy = black body, powl = power law, dibb = disk black body model.
() Units are eV for temperatures, Mg for masses, 102° cm™2 for Ng.

—2

() Observed fluxes in units of erg cm™2 s~ *

(absorption-corrected).

) Normalization is chosen such that distance is equal to Dy = ¢/H  z = 588 Mpc (and inclination assumed to be face-on).

Though it is impossible to claim with certainty that
this evidence proves a tidal disruption origin, we will in
the following, by the principle of exclusion, discuss possi-
ble alternatives (for a more extensive discussion of alter-
natives see Komossa & Bade 1999). (1) An active galaxy
as the most common origin of large X-ray variability is
very unlikely given our optical observations (see above sec-
tion 2.3). (2) X-ray afterglows of gamma-ray bursts (GRB)
may appear as new, bright X-ray sources on the sky. How-
ever, all of the observed afterglows have faded rapidly
(with time=98--72-1: see Greiner 2000). The ROSAT all-
sky survey data suggests a rather flat light curve over
about 3 days, inconsistent with a GRB afterglow. (3)
This flat, 3-day long light curve also excludes neutron star
merger events which are predicted to reach peak luminosi-
ties of 10** erg/s, but should fade by a factor of ~3 within
~2 days (Li & Paczynski 1998).

Thus, a tidal disruption scenario seems a logical con-
sequence. Moreover, it is even plausible: Spectral fitting
of a simple disk blackbody model (Shakura & Sunyaev
1973) gives a consistent picture concerning X-ray temper-
ature, mass of the central object (~10°% My), luminosity
and distance (see last row of Tab. ).
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