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Abstract. We analysed 13 archivdROSATPSPC and HRI obtained for the pulsating source, named 1SAX J0054.9-72;
observations which included the position of a newly discoySantangelo et al. 1998a,b). The nB&pp&AX error circle
ered 59s X-ray pulsar in the Small Magellanic Cloud, 1SAXontains only the previously classifi&DSATandEinsteinX-
J0054.9-7226 =2E 0053.2—-7242. The source was detected thagesources 1IWGA J0054.9-7226 and 2E 0053.2—-7242, wh
times between 1991 and 1996 at a luminosity level ranging fraame likely the same source. In the following we adopt the earlie
~8x10* - 4x 10 ergs! (0.1-2.4keV). Highly significant source name, i.&insteiris. 2E 0053.2—-7242 is a variable X-ray
pulsations at 59.072 s were detected during the 1991 Octobeurce in the SMC, which was already considered a candid
8-9 observation. ThROSATperiod, together with those mea-High Mass X-ray Binary by Wang & Wu (1992; source #35)
sured byRXTE and Bepp&AX yields a period derivative of Bruhweiler et al. (1987; source # 9) and by White et al. (1991
P=-0.016 s yr'. A much more accurate source position’(10in the WGACAT), based on its high spectral hardness.
uncertainty) was obtained through tROSATHRI detection We report in this letter on the results from the analysis ¢
on 1996 April restricting to three yn> 15.5 stars the likely the Position Sensitive Proportional Counter (PSPC) and Hit
counterpart of 1SAX J0054.9-7226 = 2E 0053.2—7242. Resolution Imager (HRI) observations from tR®SATpublic

L ... .archive.
Key words: binaries: general — stars: neutron — pulsars: mdwu?—

ual (1SAX J0054.9-7226; 2E 0053.2—7242) — galaxies: Magel-
lanic Clouds — X-rays: stars 2. ROSATobservations

The PSPC (0.1-2.4keV) and HRI (0.1-2.4 keV) detectors ¢
board ROSATobserved the SMC field including 2E 0053.2
1. Introduction 7242 several times. In thROSATpublic archive there are 13

On 1998 January 20 during=XTE observation in the direction observations performed between 1991 October and 1996 Ap

: : 9 were carried out with the PSPC and 4 with the HRI. Th
oftheSmaIIM:’;\geIIamcCIoud(SMC),aprewouslyunknownxl-3 PC images, spectra and light curves were accumulated

rgyfgllj(rc\(/a, nfa néeg XI(I)E_ ‘39055;7124’ !VQa s_r?]etected atE:.]ﬂUX :;938 rected for the effective exposure map. This is particular
(2-10keV) of~ 6.0 €rgs ~cm . The SOUrce SNowed o ant to minimize the effects of the wobble in the pointin

pulsatlons ata perlod 0t59s (MarSha” & Lochner, 1998&)' direction on count rate measurements of sources near the e

A previousRXTE observation of the same field performed on : : ; ;
1998 January 12 failed to detect the source. of the field of view or the ribs of the detector window suppo

In response to these findings, simultaneBapp@AX and structure. The vignetting correction was also taken into acco
. ;I . .~ and the effective exposure ti obtained for each PSPC
RXTE observations of a region including tfXTE error cir- P st

cle (~10 radius) of XTE J0055—724, were carried out on 199%0|nt|ng.

. A sliding cell detection algorithm was used in order to cha
Jannuary 28. The results of these observations are reported el%?érise the physical parameters, such as position, count

where (San_tangelo et. gl. 1998a; l_\/larshall etal. 1998b). Tha %ﬁ% confidence level), S/N ratio, etc., of 2E 0053.2—7242 whé¢
to the spatial capabilities of the imaging X-ray concentrato tected, and to obtaino count rate upper limit in case of

on boardBepp&AX, an improved position+40 radius) was non—detections. Table 1 summarises the results of this analy

Send offprint requests 16.L. Israel 2E 0053.2—-7242 was only detected on three occasions: tw
(e-mail: gianluca@coma.mporzio.astro.it) with the PSPC (1991 October 8-9 and 1992 April 17-27) a
* Affiliated to I.C.R.A. once with the HRI (1996 April 26 — June 10).
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Table 1. ROSATobservations of 2E 0053.2—-7242

Pointing  Instr.  Expos. Start Time Stop Time Count fate Notes
Number (s) (ctssh)

600195A00 PSPC 16978 19910ct0803:10 Oct0902:38 &04®2 T.x=11820s; [1]
600196A00 PSPC 1346 1991 0ct0903:06  Oct 10 04:47 < 0.080 Teg=740s
600196A01 PSPC 22223 1992 Apr1515:30 Apr2516:41 < 0.010 Ts=10920s; [2]
600195A01 PSPC 9443 1992 Apr1717:01  Apr2716:28 (#0801 T.g=7202s
600452N00  PSPC 14207 1993 Apr1011:54  Apr2501:20 < 0.030 T.g=6815s
600453N00  PSPC 17593 1993 May 09 07:17 May 12 20:14 < 0.005 Teg=7330s
500142N00 PSPC 4909 1993 May 12 22:41 May 13 04:11 < 0.015 Teg=2743s
600452A01 PSPC 16663 19930ct0108:24  Oct 14 16:54 < 0.014 Tex=8509s; [3]
500250N00 PSPC 20845 1993 0Oct1421:10 Oct 29 08:45 < 0.014 Ter=10430s; [4]

400237A01 HRI 1167 1993 Apr17 09:33  Apr1710:08 < 0.008
400237N00  HRI 1096 1992 0Oct2313:41  Oct2408:45 < 0.010
400237A02 HRI 1301 1994 Apr1510:26  Apr1511:05 < 0.008
600810NO0  HRI 6726 1996 Apr 26 02:09  Jun 10 14:45 000401

t Errors are at o level and upper limits & .

1 The effective times, J, are vignetted and exposure corrected.

[1] — Pulsations at a period of 59.072 s.

[2] — Strong contamination by 1IWGAJ0054.0-7226 and 1WGAJ0053.8—7226 due to the degrading PSF at large off—axis angles.
[3] — Contamination by 1IWGAJ0053.8—-7226.

[4] — Strong contamination by 1IWGAJ0053.8-7226.

2.1. PSPC data is fairly asymmetric with a pulse fraction ef40% (Fig. 1, inner

The ROSATevent list and spectrum of 2E 0053.2—7242 Welpanel). By using the period measuredByppSAX a period

I ~ 1 X
extracted from a circle of~1'.5 radius (corresponding to angen.\l./ﬁgvssolic IODSIiz IS—IthQN :r?a?bstglrn(?adﬁ A) rates were grouped
encircled energy 0£95%) around the X-ray position. On 1991 g 4 group

S0 as to contain a minimum of 20 photons per energy bin. The
October 8-9 (sequence number 600195A00) the source co ; -
rate was 0.047 cts<, while on 1992 April 1727 (600195A01) é"ﬁ‘e?ctrum of the 1991 October observation was well fit with

. an absorbed power—law model (see Fig. 2; upper curve). The
it had decreased to about 0.01 ct$ sOf the~ 600 and~ 150 o0 _ )
photons contained in the extraction circle of each of the pest fit (*/degree of freedom dof = 21/24) was obtained

; - 0.62 ;
pointings, we estimated that about 45 and 20 photons derB/r a photon index ofl = 0.90 +,'55 and a column density

from the background around the source, respectivel 7 = (1.3+58) x 10*' cm™? (see Table 2). Note that the
The 1991 gctgber ob:ervation i;Jthe,onI ponévth;/i contaiGaIaCtiC hydrogen column in the direction of the SMG-i8 x
y 130 cm~2. The 0.1-2.4 keV luminosity at the sourcelig ~

a sufficiently high number of photons to perform a detailed P& . 1085 ergs ! for an assumed distance of 65 kpc (Wang &

riodicity search. The photons arrival times were corrected to U1 1992). We note that any further spectral component added
barycenter of the solar system and a 1 s binned light curve Al the power—law model in order to fit the data excess around

mulated. The corresponding power spectrum, calculated Y& KeV did not significantly improve the fit. For the 1992 April

the entire observation duration-{ day), is shown in Fig. 1, . . )
together with the o preliminary peak detection threshold de_observatlon the number of photons (150) is too low to obtain

. an indipendent estimate of the spectral parameters. By keeping
SC”b.Gd b_y Israel & Stella (1996). The search was performed O¥RE photon index fixed to the best fit value of the 1991 October
aperiod interval around that detectedBgpp&AX and assum- observation, an unabsorbed X-ray luminositylof ~ 1.5 x
ing amaximumP| of ~3 syr-! (the highest ever observed fro ’ '

5 1 i i
an X-ray pulsar: GX1+4). This translates into a search over a%g ergs™ was derived (see Table 2 and Fig. 2).

interval of ~1100 Fourier frequencies centered on 0.017 Hz.
Significant peaks were detected around a frequensy0d®169 2.2. HRI data

Hz. These are unique to 2E0053.2-7242. The multiple pe?ﬁeROSA‘IHRIobservation during which 2E 0053.2—-7242 was

structure is due to the sidelobes arising from the satellite Qf5;0 taq (sequence 600810; 1996 April—June) provided a sig-

bital occultation. The highest of these peaks has a significa (fﬁcantely improved source position (Israel 1998). This was
of 7.4 o over the explored frequency interval, and correspon Stermined to be RA. = 0054™ 56° 5 and DEC = —72 26

to a period of 59.072k 0.003 s (90% uncertainties are use 7.3 (equinox 2000; error radius of 1.tvith a 90% confidence

through this letter). The modulation is energy independentllé\/ : -
i A 7 el) by using both a sliding cell and a Wavelet transform—based
the PSPC band (within the statistical uncertainties). The Shadé‘?ection algorithm (Lazzati et al. 1998: Campana et al. 1998).
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i Fig. 1. Oct 1991 power spectrum of the
F 0.1-2.4keVROSATPSPC light curve
I of 2E 0053.2-7242. The preliminadyr
detection threshold is also shown. A
r folded light curve at the best period of
0 B v L MV ———— 59.072 s is shown as an insert. The pea
10~4 103 001 0.1 Structures around a frequency o2.5
Frequency (Hz) x 10~ Hz are due to the wobble in the
Start Time 8537 3:10:54:500 Stop Time 8538 2:39: 6:502 pointing direction
Table 2. ROSATPSPC spectral results for 2E 0053.2—-7242 0.1 F ‘ ‘ T m
Parameter Oct1991  Apr 1992 > 1991 Oct 8-9 T
E L
N (10720m™2) e 0.835:L5  0.16+5:53 001 L _'_=h+ |
| PP UPUROTt 0P 0.9 (fixed) Nk 1
3 ¥
Count rate (10° countss?)..... 45.6:2.0 8.0t1.0 E 1992 Apr 17-27
Fx (10 ¥ ergecm?2s™)........... 8.7 2.4 3
Lx (Ng=0; 10* ergs™)........... 4.2 1.5 10
Reduced 2 /(dof).......ccuvvvverennnn. 0.96/(24) - ; | ]
Note. —the X-ray flux (absorbed) and the luminosity (unabsorbed) refer 4 [ | i
to the 0.1-2.4 keV energy band. . 2l ]
X I |
OF-------7— ,T\’—’,’_LLI |_|_._| — ]
However due to the unknown boresight correction the uncer- -2 - . ‘ e 1

tainty radius increases up to 10 0.5 1 2
A 0.1-2.4keV source flux level of ~ 1.8x Energy (keV)
10 3ergcn2s~! was determined assuming the best fit.

) ig. 2.ROSATPSPC spectrum of 2E 0053.2—7242 during 1991 Octob
.SpeCtraI parl;’:l megerds IOf t.he 1'99](.EOCt0ber 8_91' (;Ig—?lsl tranISIaatm 1992 April. The best fit power—law is shown, together with th
Into an unabsorbed luminosity dix ~ 8.5 x (Israe corresponding residuals. The 1992 Apr 17-27 data and residuals

1998). marked with triangles

3. Einsteinobservation
These findings, together with tHgepp®&AX results, yield a

2E 0053.2—-7242 was discovered during a survey of the SMCipyean period derivative of — 0.016 s yr! between 1991 and
means of the Imaging Proportional Counter (IPC) on board the9s.

Einsteinspacecraft (Bruhweiler etal., 1987; Wang & Wu, 1992) In one case a spectral analysis could be performed.
and classified as an hard X-ray source based on its hardregssctrum was found to be consistent with a relatively flat lo
ratio. It was observed at a count rate~e#.009:0.002 cts s absorbed power—law model that is typical of accreting X-ra
corresponding to an X-ray luminosity ef1.5x 10** ergs™! pulsars in this energy range.

(0.16-3.5keV band). The 0.1-2.4 keV luminosity of 2E 0053.2—7242 as observeg
with ROSATranges betweer4.2x10% ergs™' (1991 Octo-
ber 8-9) and~8.5x10%* ergs™! (1996 April 26 — June 10).
MoreoverRXTE detected 2E 0053.2—7242 at a luminosity leve
2E 0053.2-7242 was detected three times between 1991 ahd-3x10°" ergs™! in the 2-10keV energy band. Extrapo
1996 in theROSATarchival data. Highly significant pulsations]ating to the ROSATenergy range the luminosity measure(
at a period of 59.072 s were detected on 1991 October 869.RXTE on 1998 January 20, a 0.1-2.4keV luminosity o

4. Discussion
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o"s5™1® 05emo1® ofsemsrt  dhsamen® 2E 0053.2—7242(see Fig. 3). Assuming a B-V =-0.2 and a dis-
Einstein HRI tance modulus of 19 mag, these optical counterpart candidates
are consistent with main sequence A9 — B2 stars. We note that a
similar spectral-type star (B1.5Ve;m= 16) is the companion
of the nearby X-ray source SMC X-2. Future optical follow—up
observations of these candidates should determine the counter-
part of 2E 0053.2-7242 and its probable Be star X-ray transient
nature. The optical and/or infrared activity brightening of the
counterpart will allow further X-ray triggers and studies.
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