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Abstract. The observations of a newly discovered X-ray trara flux of about 310 mCrab in 20-70 keV interval on June 3
sient source XTE J174888 were made in the energy band 2vhich increased to 730 mCrab on Juné 4 (Harmon et al.|1998).
— 18 keV with the Indian X-ray Astronomy Experiment(IXAE)Following the discovery with the ASM, the X-ray transient
on the IRS-P3 satellite during 1998, June 125. The source was scanned with the Proportional Counter Array (PCA) on
count rate declined gradually with an exponential decay til@ard the RXTE on June 5 to measure its position more pre-
of 19+ 1.6 days. The X-ray light curves showed no significamisely (Strohnmayer & Marshall 1998). A radio candidate was
intensity variations on short time scales10s). The power den- detected within one arc minute of the center of the error box of
sity spectrum obtained from timing analysis of the data show X-ray transient at a flux level of 28 2 mJy at 4.86 GHz
no quasi-periodic oscillations in the frequency range of 0.0@% Hjellming & Rupen (1998a). Further radio observations re-
Hz to 5 Hz. From the observed X-ray and radio characteristic®aled that the radio source became brighter and was highly
it is suggested that the X-ray source in XTE J17288 is more variable with a flux of about 110 mJy at 4.86 GHz on June
likely to be a black hole rather than a neutron star. 10 which increased to 410 mJy on June 14 (Hjellming & Ru-
pen 1998a; Fender & Stappers 1998). The VLA observations
Key words. accretion, accretion disks — black hole physics revealed the radio source to be a relativistic jet source. It was
stars: individual: XTE J1748-288 — X-rays: stars unresolved with a size of 0”.1 on June 10.19 UT which be-
came extended along the East-West with a size of 0”.25 on June
14.31 UT (Rupen, Hjellming & Mioduszewski 1998). The one-
sided jet was found to be linearly polarised and moving at a rate
of 20 mas year!. This corresponds to a jet velocity of 0.93c

X-ray transients constitute an important class of binary X-rd9r a distance of> 8 kpc obtained from measurement of 21
sources. Although a majority of transient sources are low ma#g absorption when the source was bright (0.5Jy) (Hjellming,
X-ray binaries (LMXBs), a large number (about 40%) are highupen & Mioduszewski 1998b) There is no report so far of any
mass X-ray binaries (HMXBs). Most of the HMXB transient®ptical or infrared identification of the source.
have a X-ray pulsar with a Be star optical companion. The Following the announcement of the discovery of XTE
LMXB transients may contain either a neutron star or a blagil 748-288, we made observations of the X-ray transient with
hole as X-ray source. Of the 33 LMXBs classified as transiertt Pointed-mode Proportional Counters (PPCs) of the Indian
by [Tanaka & Shibazaki (1996), 18 are listed to be black-ho¥eray Astronomy Experiment (IXAE) during 1998 June 14
binaries. Thus almost all the LMXBs with a black-hole X-rayune 25. From a detailed timing analysis of the IXAE data we
source are transients. The neutron star transients, on the ogh@not find any QPOs in the frequency range of 0.002 Hz 5 Hz
hand, comprise only a small fraction (15%) of the LMXBs witlin the power density spectra of XTE J174388. In this paper
a neutron star. For a review of the LMXB transients refer t€ report these results and discuss their implications.
Tanaka & Shibazaki (1996).

A new transient X-ray source XTE J174288 was firstde- 2 |nstrument and observations

tected with the All Sky Monitor (ASM) onboard the ROSSI )
X-ray Timing Explorer (RXTE) on 1998 June 4.69 UT atf he X-ray observations of the source XTE J1748-288 were car-

a flux level of about 860 mCrab in 1.5 12 keV band '€d out with the PPCs of the Indian X-ray Astronomy Exper-

(Smith, Lewin & Wood (199€)). The source had a hard Spe'@gent (IXAE) on board the Indian Remote Sensing satellite

trum as indicated by BATSE detection of a bright object witHRS-P3 which was launched on 1996, March 21 from India.
The IXAE includes three co-aligned and identical, multi-wire,

Send offprint requests to: S. Naik (sachi@tifr.res.in) multi-layer proportional counters with a total effective area of
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Table 1. X-ray Observation of XTE J1748288 with the IXAE for 1 Table2. X-ray Observation of XTE J1748288 with the IXAE for 0.1

sec time resolution mode. sec time resolution mode.
Day of M.J.D. From To Counts Day of M.J.D. From To Counts
1998 hhmmss hhmmss per 1998 hhmmss hhmmss per
June (um) (um) sec June (um (um sec
14 50978 13:29:00 13:47:40 530 22 50986  14:01:00 14:23:00 367
15:10:00 15:28:00 496 15:43:00 16:04:00 340
16:49:00 17:09:52 540 17:24:00 17:44:40 352
18:32:00 18:50:40 514 23 50987 13:39:00 14:02:00 290
15 50979 16:29:00 16:48:52 481 15:20:00 15:42:00 305
18:11:00 18:30:00 498 17:03:00 17:23:.00 321
17 50981 14:06:00 14:25:00 445 24 50988 15:00:00 15:23:00 310
15:47:00 16:06:00 435 16:40:.00 17:02:00 273
17:29:00 17:47:00 386 18:23:00 18:43:40 291
19:17:00 19:30:00 375 25 50989 14:39:00 15:01:00 276
18 50982 13:46:00 14:04:00 478 16:19:00 16:41:00 283
15:27:00 15:45:00 402 18:23:00 18:43:00 260

17:07:00 17:26:00 366
18:54:00 19:08:00 412

19 50983 16:47:00 17:06:00 390
18:28:00 18:47:00 363

20 50984 13:03:00 13:21:00 220 keV counts from the veto layers. In the spectral mode, the above
14:45:00 15:03:00 218 five count rates are stored separately in an onboard memory for
16:25:00 16:44:00 410 selectable integration times of 1 second and 0.1 second. The
18:07:00 18:26:00 392 pulse height analysis of each accepted count is also carried out

21 50985 12:41:00 13:01:00 438 using a 64 channel analyser and stored in an onboard memory in
14:24:00  14:42:00 364 the form of a histogram with integration time of 100 s in nom-
16:05:.00 16:23:00 343 inal mode. In the present analysis, we have not used spectral
17:45:00  18:04:00 421 information of the data.

19:3500 19:46:00 410 In the time tagged mode each event is time tagged to an

accuracy of 0.4 msec (for PPC-3) or 0.8 msec (for PPC-1 and

PPC-2). The IXAE instrument also includes a remote sensing
1200 cn?, covering 2 to 18 keV energy range. The PPCs acamera and an oceanographic instrument. For a detailed de-
filled with a gas mixture of 90% Argon and 10% Methane afcription of the PPCs refer to Agrawal (1998) and Rao et al.
a pressure of 800 torr with an average detection efficiency (G098).
about 60% at 6 keV. There are three layers in each PPCs, eachlhe IRS-P3 satellite is in a circular orbit at an altitude of
containing eighteen anode cells with a cross-sectional areeB80 km and inclination of 98 Pointing towards any particular
1.1 cmx 1.1 cm. The bottom layer and the end cells are joinesurce is done by using a star tracker with an accuracy of
together to form a veto layer for rejecting the charged particlés. 1. Because of the very low value of the geomagnetic cut-
The alternate anode cells in each layer and the top two layefErigidity at high latitudes, the charge particle background
are operated in mutual anti-coincidence and form the X-ray déses sharply beyond ki — 30° and b> + 50°. The useful
tection volume. The entrance window of the detectors is a Bbservation time is thus limited to the latitude range typically
micron thick aluminized mylar film. Each PPC is equipped witfrom 30°S to 50N. The South Atlantic Anomaly (SAA) region
a honeycomb type collimator having a field of view 62 x  restricts the observation to 5 of the 14 orbits per day. The high
2°.3. The overall energy resolution of the PPCs is 22% atwltage to the detectors is reduced to about 500 V whenever
keV. X-rays from a radioactive source €8, mounted on the the satellite enters the SAA region and the data acquisition is
rear side of each PPC, are collimated to irradiate the veto cedtepped. The data are downloaded twice per day.
to monitor gain stability of the detectors. Modular and identical As the PPCs are co-aligned, simultaneous background mea-
processing electronics, to make each PPC to be independentandments are not possible. For a given source, background
replaceable, is used to collect the data either in the time taggedints are measured before or after the observation of a source
mode or the spectral mode. The electronic logic of the PP8 pointing the PPCs to a source-free region in the sky, close
is designed to accept the genuine X-ray events and reject théhe target source. The source XTE J17288 was observed
background which is produced by the charged particles and fhmm June 14 to June 25, 1998. The log of observations is given
Compton scattering of the high energy photons. The accepiedable 1 and Table 2, for those observations which are used for
genuine X-ray events are stored in counters in 8 keV and the present analysis. The total useful exposure for XTE J1748-
2 — 18 keV band for the top layer, 2 18 keV band for the 288 was 27,060 sec in the 1 sec integration mode and 15,440
middle layer,> 18 keV (ULD counts) for all the layers and2 sec for the 0.1 sec mode. Due to a suspected shift in the gain
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Fig.2. The hardness ratio i.e count rate in-6 18 keV energy
Fig. 1(b) range/counts rate in 2 6 keV energy range, for the source XTE
: _ J1748-288 for the PPC observation during 1998 June.
L o ¥ ]
Il ot ]
w ™ * J‘E 7 tions (1998 June 1425) is shown in Fig. 1a for 2 18 keV
I r ' + 7 energy band. The continuous line in Fig. 1a is the exponential
5 oL **@ ] fit to the light curve which gives an e-folding time of 10
8 r N | ] 1.8 days. Fig. 1b is the light curve of the source from one day
= r 1 ] averaged data in 1.3 12 keV energy range obtained from the
< 2r *ﬁg ] All Sky Monitor(ASM) on the RXTE. This light curve was ob-
. * Y ] tained from the publicly available ASM data archive. The IXAE
o j%&ﬁﬁ*ﬁg &*ﬁ%ﬁﬂﬁ* *4@( . observations, which were made during the declining phase of
0 50 100 the source are indicated by two vertical lines in the light curve
Time(Days) [M.J.D.= Time + 50940] for ASM data in Fig. 1b. A gradual decrease in the X-ray in-
tensity of the source with time can be clearly seen in both the
(Day 1 = 1998 May 8)

light curves. The summed PPC count rate at the beginning of
Fig.1a and b. a The light curves obtained from the observations abbservation e.g. June 14, was about 550 countsrs2 — 18
XTE J1748-288 for the period 1998, June 2425 for 2— 18 keV  keV band which declined to about 260 counts ®n June 25.
energy band. The ASM light curve for XTE J174888 for 1-day From the ASM light curve, it is clear that the intensity of the
average data is shown in Fig. 1b. The region between two vertical lings,rce was maximum on 1998, June 6 with a count rate of 38
in Fig. 1b is_the period of observation.by t_ht_e PPCs. The decay time EQSM counts s (Crab = 75 ASM counts s') After staying at
the source is calculated by exponential fitting to the light curves. the maximum for 8 days, the intensity decayed exponentially
over the next 30 days. An exponential fit to the ASM data gives

of PPC-2, data from PPC-1 and PPC-3 are used in the analystiecay time of 15.6- 0.4 days. The decay time obtained from
and normalised to the three PPCs. the PPCs agrees with the ASM data within errors. Using 2
6 keV and 6— 18 keV count rates from PPC-3, the hardness
ratio (counts in 6— 18 keV band / count:i2 - 6 keVband)
was computed for all the observations. PPC-1 data are not used
3.1. Long-term X-ray light curve for computing the hardness ratio as data for B keV energy

) channel for some of the observations were not available due to
The_: X-ray light curve of XTE J1748-288 from the IXAE Obse_raata readout problems. The hardness ratio computed from the
vations for 2— 18 keV energy range was constructed by UsinNgpc 3 gata is shown in Fig. 2 for the entire observation period.
the summed count rates from PPC-1 and PPC-3, averaged QYgl ¢ i ng significant short term variation in the hardness ratio
each orbit of the satellite. The background count rates obtaingdy, . individual observations. Erom Fig. 2, it can be noticed
by observing a nearby source-free region were subtracted frEHHt the average hardness ratio which was 75013 during

the count rates obtained during the source observations. The . 14 19 changed to 1.5@ 0.012 after June 19, indicat-
data were also corrected for vignetting by using aspect infer ' ' ' !

on f h ker. Th ing fime a softening of the spectrum during the decay phase. Similar
mauo_n rom the star t_rac er. The event processing ‘”.“e or easﬁﬁéctral softening has been reported by Revnivtsev et al. (1999)
PPC is about 2@s which leads to a dead time correction of le

. $fom PCA observations when the source made transition from
than 1% for the maximum observed count rates of 200 Cou'&t%right Hard State (BHS) to a High State (HS)

s~ ! for each PPC. Therefore dead time correction was not done.
The X-ray light curve for the entire period of IXAE observa-

3. Analysisand results
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indication of any QPO in the frequency range of 0.002 to 5
Hz. A search for the presence of regular X-ray pulsations in the
period range of 5 to 100 s gave negative results.

0.05

4. Discussion

0.02

The exponential decay of the source intensity with a time con-
stant of 10 to 40 days is a common characteristic of several
black hole X-ray novae (Tanaka & Shibazaki 1996; Shabhaz,
Charles & King 1998). The outburst profiles are characterised
by fast rise and slow decay. The exponential decay time for the
source XTE J1748288 is calculated from the PPC data to be
Frequency (Hz) 19 days. The decay time for XTE J174888 is in the range
Fia.3. The power density spectrum for XTE J174888 obtained of decay times of other black hole X-ray transients e.g. 26.3
frogm observerl)tions during )1958 June 1425 for 2 — 18 keV energy days for A0620-00, 28.3 days for GS 1124583, 30.1 days
band using 1 sec time resolution. for GS 2000%25.(Shahbaz et aI: 1998) apd 30.0 days for GRO
J1655-40 (Remillard 1998). This similarity supports the black
hole nature of the transient source XTE J17288.

In the black hole sources the QPOs have been detected over
a wide spectral band but mainly in the hard spectral state of the
The X-ray light curves for individual observations of XTEsources. The QPOs are, however, not always present in the PDS
J1748-288 were constructed after correcting the data for tloé black hole binaries. In Cyg X1, out of 13 observations with
background and vignetting, in the energy band 2-18 keV usitite EXOSAT ME detectors, the QPOs were detected only on
1 s and 0.1 s bin data. No significant variability was detectddoccasions. Since our observations of XTE J17288 were
over time scales of 0.1 s to a few seconds. To investigate variade in the decay phase it is possible that the QPOs were ei-
ability on a longer time scale, 1 second data bins were addbdr absent or had an amplitude below the detection limit. It
to generate light curve in 10 sec bins. There is suggestioni®falso conceivable that the QPOs, if present, had a frequency
irregular intensity variations in individual observations of thef more than a few Hz in which case it will be undetectable
source on time scale of 10 s and longer. A constant intensityifitour observation due to the limited time resolution (0.1 s).
to the 10 s light curves gives a reducgtl> 2 for 50 or more The X-ray transient XTE J174&88 has been observed exten-
degrees of freedom. sively with the PCA on the RXTE. Fox & Lewin (1998) have
reported the presence of QPOs in their observation of this source
on 1998 June 6.4 with the PCA. Their 2700 sec observations
were made when the source was near its maximum intensity.
The timing behaviour of XTE J174888 was studied by taking They found two QPO peaks in the power density spectrum, a
the fast Fourier transform of the 1 s and 0.1 s time resolutibnoad peak at 0.5 Hz and a narrow peak at 32 Hz. During the
data. We generated countrate profiles of XTE J17283 inthe course of their observation, the low-frequency QPO with rms
2—18 keV bands with a time resolution of 1 s and also for Odtrength of 3.4% shifted to the 0.35 to 0.50 Hz range while
s. The PDS are obtained for the individual data segments of the high-frequency QPO remained stationary. A more detailed
observation and then co-added and the final PDS is producstddy of the PCA observations by Revnivtsev, Trudolyubov &
The data from the two PPCs are added to obtain the PDS Bworozdin (1999) showed that the variability characteristics of
improving the statistics. The PDS are normalised to the metine source are strongly dependent on its luminosity state. In
count rate. the bright hard state of the source, the power density spectrum

It may be noticed from the PDS for 2 18 keV energy (PDS) shows strong QPO features with centroid frequency in
range, in Fig. 3, that it is flat and featureless in the frequen29-30 Hz range and an additional broad QPO peak at 0.5 Hz.
range of 0.01 Hz to 0.5 Hz and goes up below 0.01 Hz. The PDhen the source made transition to the high state, only a low
in the frequency range 0.003 Hz to 0.5 Hz fits well with a modé&lequency broad QPO feature was observed at 0.03 Hz which
comprising of a power law component with index 1.7 and a codisappeared in the low state (Revnistev et al. 1999). These tim-
stant giving reduceg? of 0.41 for 14 degrees of freedom. Theéng characteristics show strong resemblance to those of other
Poisson fluctuation level is subtracted during the normalisatiblack hole X-ray transients and suggest that XTE J17288
of the PDS to (rms/meafyHz. The rms fractional variation of is also likely to be a black hole.
the PDS in Fig. 3 is calculated for different frequency ranges. It Hjellming & Rupen (1998a) reported the presence of an
is found to be 1.6% in 0.002 0.01 Hz range, 2.6% in 0.02 unresolved radio source with flux densities of 503 and 28
0.1 Hz and 5.9% in the higher frequency range0.0.5 Hz. + 2 mJy at 1.46 and 4.86 GHz. The flux of the radio source

A similar PDS is also obtained using data of 0.1 s modaries strongly by a factorf® - 4 in 3 days, which strongly
for the combined observations. This PDS is also flat with reuggests the source to be the radio counterpart of the X-ray

(rms/mean) 2 / Hz

0.01
T

5x107°

3.2. Light curves of individual observations

3.3. The power density spectrum
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transient XTE J1748288. Radio outbursts have been detecte@tknowledgements. We express our sincere thanks to an anonymous
from a number of black hole binaries. These include CyglX referee for his critical comments and suggestions which greatly im-
GRS 1124-68, GS 2023-33, GS 2000-25 and GRO 042232 proved the contents and presentation of the paper. We acknowledge
(Tanaka & Lewin 1995) which are all found to be variable raditye contributions of the scientific and technical staff of TIFR, ISAC

sources. The recurrent transient A 062M3. which is also a and ISTRAC for the successful fabrication, launch and operation of
’ utr%‘:f IXAE. Itis a pleasure to acknowledge the support of Shri K. Thya-

. . S : arajan, Project Director IRSP3 satellite, Shri Tyagi, project manager
which decays rapidly within a few weeks. The radio chrclractegrf IRS-P3 and Shri J. D. Rao and his colleagues at ISTRAC.

istics of XTE J1748-288 i.e. variable radio emission and its
growth in size along the East-West direction, bear resemblance
to those of the superluminal sources GRS 19165 and GRO References
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hole rather than a neutron star.
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