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Abstract. We report identification of a narrow-line SeyfertTable 1.Basic parameters of RX J1236.9+2656.
1 galaxy RX J1236.9+2656. X-ray emission from the NLS1
galaxy undergoes long-term variability with 0.1-2.0 keV fluRositiort: a(J2000) = 12" 36™ 57.0°
changing by a factor ofv 2 within ~ 3 yr. The ROSAT §(J2000) = +26° 56 50.0".
PSPC spectrum of RX J1236.9+2656 is well represented Bgdshift: z = 0.225 + .001.
a power-law ofl x = 3.7+05 absorbed by matter in our ownMagnitudé: B=18.2, V= 17.1.
Galaxy Ng = 1.33 x10%° cm™2). Intrinsic soft X-ray luminos- ! Present work
ity of the NLS1 galaxy is estimated to be1.5 x 10%3 erg s~! 2 US Naval Observatory (USNO) catalogue
in the energy band 06.1-2.0 keV. The optical spectrum of
RX J1236.9+2656 is typical of NLS1 galaxies and shows
narrow Balmer emission linesl{00 kms~! < FWHM < normal Seyfert 1s with broaderdHWHM (Brandt et al. 1997;
1700 km s~!) of Hj3, Ha, and forbidden lines of [O Ill] and Leighly 1999b). NLS1 galaxies also show more variability in
[N 11]. Fe Il multiplets, usually present in optical spectra ohard X-rays than the normal Seyfert 1s (Leighly, 1999a). The
NLS1 galaxies, are also detected in RX J1236.9+2656. spectral energy distribution (SED) from far-infrared (FIR) to
X-rays of NLS1 galaxies appears to be similar to that of broad-

Key words: galaxies: active — galaxies: individuallline Seyfert 1 galaxies. However, the UV luminosity of NLS1
RX J1236.9+2656 — galaxies: nuclei — X-rays: galaxies galaxies tends to be smaller than those of Seyfert 1s {Boelz-
Pascual et al. 1997).

Optical spectroscopy of ultra-soft X-ray sources discovered
with Einstein, andROS AT has been an efficient way to iden-
1. Introduction tify NLS1 galaxies (e.g., Puchnarewicz et al. 1992; Grupe et al.

Narrow-line Seyfert 1 (NLS1) galaxies are considered to belggs)' ?shpart of our progra;m:e t(l) optic?lly identify.ang study
special class of “normal” Seyfert 1 galaxies because of thei etail the counterparts of the ultra-soft sources in the cata-

peculiar properties that distinguish them from the latter cla ague of Singh et al. (1995), we have discovered a NLS1 galaxy

They are characterized by their optical spectra having pemﬁx J1236.9+2656. The basic parameters of RX J1236.9+2656

ted lines that are narrower than those found in the nornfyf 9ivén in Table 1. Throughout this note, luminosities are

Seyfert 1 galaxies, e.g., full width at half maximum (FWHMj:aIcuIated assuming an isotropic emission, a Hubble constant

_ —1 —1 :
of H3 line is < 2000 km s, relatively weak forbidden lines, °f /o = 75 km s~ Mpc and a deceleration parameter of

[onggsom < 3 (Osterbrock & Pogge 1985), and strong Fe fo = 0 unless otherwise specified.

emission. NLS1 galaxies also have distinctive soft X-ray prop-

erties as well. They show steep soft X-ray spectrum with little. X-ray observation, analysis and results

or no absorption above the Galactic value (Grupe et al. 1998). ) o

They often show rapid and large amplitude as well as long-tefrR€ region of the sky containing the source, RX J1236.9+2656,

X-ray variability (Boller et al. 1993; Brandt et al. 1995; Grupd/as observed seven times with the) SAT (Trumper 1983)
etal. 1995a,b). In spite of the dominance of soft X-ray emissidposition Sensitive Proportional Counter (PSPC) during 1991~
soft X-ray luminosity of NLS1 galaxies are similar to those ot993 and twice with the High Resolution Imager (HRI) (Pf-
normal Seyfert 1s4SC A observations show that the hard xffermann et al. 1987) in 1996 June—July. The exposure times
ray (2—10 keV) continua of NLS1s are also steeper than those W' In the rang@420 s — 5422 s for the PSPC observations
while the two HRI observations were carried out with longer

* Based on observations with the Apache Point Observatory (AP@§POSUre timesl545 s and16738 s). The offset of the source
3.5m telescope, which is owned and operated by the Astrophysiti@m the field center was 17’ for each of the PSPC and HRI
Research Consortium (ARC). observations.
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?O and 1993 June 17. Photon energy spectra of RX J1236.9+2656
x| oo rrmmm ] were accumulated from their PSPC observations using the same
- RX J1236.9+2656 ] source and background regions as stated aliR@& AT PSPC
~o . PSPC b pulse height data were appropriately re-grouped to improve the
N‘m X O HRI {  statistics.
‘e | ] We used the XSPEC spectral analysis package to fit the data
;‘9 L } ] with spectral models. Appropriate ancillary response file was
SAT ] used to account for the off-axis position of the source. An ap-
VXE : + + | ] propriate response matrix was used to define the energy response
b F s of the PSPC.
L ] Each of the 3 PSPC spectra was first fitted with a redshifted
1992 1993 1994 1995 1996 1997  power-law model absorbed by an intervening medium with ab-
Tirme (yrs) sorption cross-sections as given by Balucinska-Church & Mc-

Cammon (1992) and using the methoddfminimization. The
photon indexIx) was found to be very steep in all the cases. It
was found thatthe absorbing column density in each case is simi-
lar within errors to the Galactic valudi; = 1.33x10%° cm—2)

The X-ray source, RX J1236.9+2656, was identified byeasured from 21-cm radio observations (Dickey & Lockman
Over|aying the contours of h|gh resolution X-ray images 06_990) along the direction of the source, indicating that all the
tained from ROSAT HRI observations onto optical imagesX-ray absorption is due to matter in our own Galaxy. Therefore,
obtained from the Digital Sky Survey (DSS). No other X-rayve have fitted the power-law models to these spectra after fixing
source, within the angular spread comparable to the point spré2gineutral hydrogen column density to the Galactic value. The
function of ROSAT HRI, was seen in the overlays. Therebest-fit minimumy?2 and the power-law index do not change
fore, X-ray emission from RX J1236.9+2656 is not contamgignificantly from those obtained while varying tha;. The
nated by emission from any other source. HRI count rates fftoton indices obtained for fixedy are, however, better con-
RX J1236.9+2656 were obtained using a circle of raditfs strained. The values ftx are3.07(:3,4.27(2, and4.273 for
for the source and an annulus of inner circle radio4 and the spectra observed on 1991 Dec 15, 1992 June 30, and 1993
width 60” for background. The HRI count rates thus estimatetine 17, respectively, and are quite similar within the errors
are (.14 +£0.14) x 1072 and (.23 £ 0.13) x 1072 count s—!  for all three spectra. The errors quoted, here and below, were

for the two observations. The spatial resolution with the PSPglculated at thé0% confidence level based orf,;,+2.71. In

at an offset ofl6.5 is ~ 40” (half power radius) (Hasinger etorder to better constrain the model parameters, we have fitted
al. 1993). Therefore, PSPC count rates for RX J1236.9+26th& above model to the three spectra jointly. The best-fit photon
were obtained using a circle of radi2s’ for the source and 7 index is now4.07(-2. The observed flux, based on the best-fit
nearby circular regions of radii25’ for background. The PSPCmModel parameters, is estimated talbex 10~ '3 erg cm ™2 s~
count rates are3(53 & 0.46) x 1072, (3.19 + 0.57) x 102, inthe energy band ¢f.1-2.0 keV'. In the same energy band the
(3.194£0.60) x 1072, (3.5440.57) x 1072, (2.23+0.87) x 102, intrinsic soft X-ray luminosity, corrected for Galactic absorp-
(3.264£0.34) x 102, and B.15 + 0.40) x 1072 count s~ ! for  tion, of RX J1236.9+2656 is calculated tohé x 10%3 erg s~ 1.

the 7 PSPC observations. We have also analyzed all the 7 PSPC spectra jointly. The

In order to investigate the time variability of soft X-ray emisbest-fit phton index i8.7*7 2 which is similar to that obtained
sion from RX J1236.9+2656, we extracted ||ght curves fromr the 3 PSPC observations above. Thus, it is clear that all
the ROSAT PSPC observations using the same source and &v&ilable PSPC spectral data of RX J1236.9+2656 are well rep-
background regions as described above and in the PSPCreaented by apower-law of photonindex {2 absorbed by the
ergy band of 0.1-2.4 keV containing all the X-ray photons. THgatter in our own Galaxy. We have also fitted redshifted black-
background subtractions were carried out after appropriat®§dy models, absorbed by an intervening medium, to the three
scaling the background light curves to have the same area adtR&C spectra (exposure times3000 s) of RX J1236.9+2656
source extraction area. The light curves of RX J1236.9+2656'@ken jointly as well as all the 7 data taken jointly. The absorbing
not show short-term variability during the PSPC observatiorglumn density derived from the model fit was lower than the
However, on a longer time scale of months to years, variabilig@lactic value in that direction, indicating that the blackbody is
is clearly detected in the X-ray flux measurements plotted 9t & suitable model. We then fixed the absorbing column to the
Fig. 1. The observed flux in the energy bahd-2.0 keV, es- Galactic value and carried out the joint fitting. The temperature
timated from the best fit spectral model (see below), increadé@s obtainediT = 79737 eV, reflects the ultra-soft nature of
by about a factor of 2 within 3 yr. RX J1236.9+2656.

For analyzing the X-ray spectra of RX J1236.9+2656, we We have calculated theROSAT HRI flux of
choose 3 PSPC spectra corresponding to those observation&fr J1236.9+2656 using the best-fit model parameters
which the exposure times were greater tB8A0 s. These ob- obtained from best-fit to all the 7 spectral datax(= 3.7,
servations were carried out on 1991 December 15,1992 June’$g, = 1.33 x 10" cm™?). The observed HRI fluxes are

Fig. 1. Long-termROS AT light curve of RX J1236.9+2656. The ob-
served flux in the energy band of 0.1-2.0 keV has been plotted.
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d ‘ ‘ T tween5070-5600 A and a forbidden line of [Fe VIR6087 (see
i RX J1236.9+42656 o vl | Fig. 2). We have fitted Gaussian profiles to the strong emission
| lines using the profile fitting feature in the ‘splot’ task within
I | IRAF. Due to the poor resolution of the spectrum, it was not
ol | possible to deblend thed] and [N 11]A\\6548, 6584 lines. A
. single Gaussian profile is not well fitted to the core of the H
line and the FWHM is overestimated because of the presence of
[N ] AN6548, 6584 lines. We also fitted a single Gaussian to the
Ha after excluding the wings. In this case, the FWHM can be
considered as a lower limit. Thus we derive the FWHM of the
1 Ha line to be in the range af315-1692 km s—!. The widths
M have been corrected for instrumental broadening by subtracting,
| in quadrature, the instrumental broadening (FWHM4:A)
L L L L ‘ from the observed FWHM. Thedd+[N II] flux is estimated to
4000 5000 6000 7000 8090 8.3 x 1015 erg cm~2 s~ by integrating the flux over the
Ha+[N 1] profile. The profile of the Balmer line A is well
Fig. 2. Optical spectrum of RX J1236.9+2656. The gap around 4600fitted by a Lorentzian profile but poorly fitted with a Gaussian.
is due to the piece of the spectrum that was not covered due to THee FWHMSs of the best-fit Lorentzian and Gaussian profiles
dichroic beam which splits the lightinto the blue and red spectrograpbs the H3 line are1122 km s~! and1392 km s, respectively.
The observed widths of édand H3, and the presence of Fe I,
~[Fe V] emission are characteristic of NLS1 galaxies. The flux
2.7x 107 ergs™ em ™ and2.9 x 107 erg s~  em™? N ot the 13 line is estimated to be.0 x 1015 erg cm—2 L.
the energy band di.1-2.0keV for the two HRI observations. gimjlarly the flux of the [O II[N5007 line is calculated to be
The HRI fluxes are about a factor of two higher than the valug% % 10~16 erg cm~2 s~ 1. Thus the ratio,[O”“

A5007
=" is onl
obtained from the PSPC observations. ~ 0.38 y
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3. Optical spectroscopy 4. Discussion

Low resolution optical §pectroscopic observations of REX J1236.9+2656 is luminous in soft X-rays, with a rest frame
J1236.9+26_356 were carried out at the 3.5m telescope of mﬁ’insic luminosity~ 1.6 x 10%3 erg s~1, in the energy band
g‘gagge Pé)?écg)bjervator)é (ﬁ‘ﬁo.) on th? nights of 3295 Af:rgf 0.1-2.0 keV. Seyfert 1 galaxies studied by Rush et al. (1996)

, 30 an anuary ©. The lntegrano_ns ranged Irom %53 over 4 orders of magnitude in soft X-ray luminosity, from
min, with the best spectrum obtained during the last obser low10%2 erg s—! to abovel 0% erg s~ in the energy band of
tion. The Double Imaging Spectrograph (DIS) was used in W5 4 ey Thus, the X-ray luminosity of RX J1236.9+2656 is
resolution mode with &.5” slit to obtain simultaneous blue andg; - - +o that of a Seyfert 1 galaxy. Assuming that the soft X-ray
red spectra coveringB00-5300 A in the blue and600-9900 A luminosity of RX J1236.9+2656 is abol1% of the bolometric

in the red W.'th a resoluion of 14. . . .. luminosity, the lower limit to the mass of the central supermas-
The optical spectra were reduced using routines avallalgtcge object or the Eddington mass<is10¢ M@

within the lRAlﬂ software: This includgd correcting the im- The galaxy RX J1236.9+2656 shows long-term variability
ages using bias and flat fleIQS, gxtractlng sky-subtracted Oﬂezichange in intensity by a factoref2 within ~ 3 yr, another
dimensional spectra and calibrating the wavelengths from Hg. - o victic of NLS1 galaxies. Short-teri0—-100000 s)

NeAr lamps and the fluxes from standard stars. In the SpeCtrUH?iability is not detected from RX J1236.9+2656 due to poor
of RX J1236.9+2656, strong emission lines of Balmer, H, signal-to-noise ratio of th&@OS AT data

and the forbidden line [O III§5007 are readily observed. Using The soft X-ray spectrum of RX J1236.9+2656 is steeper
the peak wavelengths and the rest wavelengths of these li £ o 3 7) than those of normal Seyfért 1s[Tx >
a redshift of 0.225:0.001 was derived from the 2000 January o rang'e% 2.0-2.7], and similar to those of NLS1 galax-

spectrum. The observed spectrum was then corrected for ¢ §[< T'x >(90% range)= 2.3-3.7] (Grupe et al. 1998). Lack
redshift af?d is shown in Fig. 2. The S|g_nal-tofn0|_se ratio of tl}ﬁ intrinsic soft X-ray absorption over the Galactic value in
spectrum is- 7.6 measured from the dispersion in the contingy - 31536 942656 is similar to the results found in normal
uum regior6900 A—7200 A. The continuum is observed to T'S?Seyfert 1sand NLS1 galaxies. The steeper power-law index and
towards the blue end of the spectrum. Apart from the em|SS|B%Ckb0dy model it to the PSPC spectra of RX J1236.9+2656
lines mentioned above, we have alsoidentified Fe Il emission Bes. .o 21 Litra-soft nature of this object. The derived temper-

! |RAF (Image Reduction and Analysis Facility) is distributed bture of the blackbody;T" ~ 75 eV, is similar to those found
the National Optical Astronomy Observatories, which are operated lyNLS1 galaxies (Brandt & Boller 1998).
AURA, Inc., under cooperative agreement with the National Science The optical spectrum of RX J1236.9+2656 appears to be
Foundation. typical of NLS1 galaxies. The FWHM of theHline (in the
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