Astron. Astrophys. 338, L59-L62 (1998) ASTRONOMY
AND
ASTROPHYSICS

o
LLl
—
—
L
-

Letter to the Editor

A BeppoSAX observation of XTE J0055-724 = 1SAX J0054.9-7226,
a new X-ray pulsar in the SMC

A.Santangeld, G. Cusumand, D. Dal Fiume?, G.L. Israel®>*, L. Stella?, M. Orlandini 2, and A.N. Parmar*

1 |stituto di Fisica Cosmica ed Applicazioni all'Informatica C.N.R.,Via U. La Malfa 153, 1-90146 Palermo, Italy

2 |stituto di Tecnologie E Studio delle Radiazioni Extraterrestri CNR, Via P. Gobetti 101, 1-40129 Bologna, ltaly

3 Osservatorio Astronomico di Roma, via Frascati 33, I-00040, Monteporzio Catone (Roma), Italy

4 Astrophysics Division, Space Science Department of ESA, ESTEC, P.O. Box 299, 2200 AG Noordwijk, The Netherlands

Received 19 June 1998 / Accepted 3 August 1998

Abstract. We report on the result of BeppoSAXTarget of carried out on 1998 January 28, for a total integration time
Opportunity Observation of the hard pulsating X-ray souree 59.5 ks (Santangelo etal. 1998). The X-ray image obtaing
XTE JO055-724 = 1SAX J0054.9-7226, in the Small Magelvith the Medium Energy Concentrator Spectrometers (MEC
lanic Cloud (SMC). The source was detectedBsppoSAXta Boella etal. 1997a) is shown in F[d. 1.
flux level of~ 210~ ergenT2s~! (2-10keV) and its posi-  Close to the center of the Field of View (FOV), bot
tion is consistent with that of thROSATPSPC source 1IWGA the MECS and the Low Energy Concentrator Spectromet
J0054.9-7226 and theinsteinsource 2E 0053.2—-7242. Both(LECS, Parmar etal. 1997) detected a bright X-ray sourg
these sources were known to possess a marked variability, I@AX J0054.9-7226, at a flux f 1.9 - 10~ ergenT2s™!
timescales ranging from monthsto years. BeppoSAXnergy (2-10keV). Strong pulsations at a period ©f58.9s were
spectrum of 1SAX J0054.0-7226 is hard and well modelled yund confirming that 1SAX J0054.9—-7226 and XTE J0055
an absorbed hard power—law model with a photon indéx81. 724 are the same source. The imaging instruments onbo
BeppoSAXetected up to 40keV the 59s pulsations origi- BeppoSAXielded an improved position of R.A®54™54.85,
nally discovered with byRXTE (Marshall & Lochner 1998a; Decl.=—72° 26’ 41" (~ 40” uncertainty radius,equinox
Santangelo et al. 1998). 2000.0). At least three other sources were detected in t
MECS FOV with a significance- 60 and flux F,, < 10712
Key words: X-rays: binaries — individual (1SAX J0054.9-ergcnt2s 1,
7226) — X-rays: pulsars — galaxies: Magellanic Clouds TheBeppoSAXosition of 1SAX J0054.0—7226 is not only
consistent with thdRXTE error box, but also with that of the
WGACAT (ROSAT PSPC) source IWGA J0054.9-7226 an
] o theEinstein (HRI) source 2E 0053.2—-7242. Both these sourcé
1. Source identification (which are probably the same source) were classified as susj

On 1998 January 22 during a scan observation of the Snfdifh Mass X-Ray Binaries by Wang & Wu (1992), Bruhweile
Magellanic Cloud (SMC), follow-on to a previous pointed obtal- (1987) and by White etal. (1994, in the WGACAT), on th
servation on Jan 20, tHRXTE satellite detected a new X-rayPasis of their spectral hardness. The analysis of an October 1§
source, designated as XTE JO055-724, at a best estimatedfg>AT PSPC observation of 1IWGA J0054.9-7226, revealg
sition of R.A.=0"55™.3, Decl.=—72° 29’ (10’ error circle, the presence of strong pulsations at a peridghai72+0.003 s

equinox 2000, Marshall & Lochner 1998a). The source flsdantangelo etal. 1998a; Israel etal. 1998), confirming the ide
was~ 6-10~' ergem2s! in the 2-10keV energy Irange_tification with XTE J0055-724 =1SAX J0054.9-7226. The
Coherent pulsations were discovered at a period-0§9s, Same source remained undetected in a series of PSPC point

XTE JO055-724 had not been detected on a prevRXEE performed between April and November 1993. BeppoSAX
scan of the region carried out on January 12. position of the source is also included in an archiRASAT

In an effort to determine a more accurate positioBep- HRI observation performed on 1996 April 26 (0.1-2.4 keV flu

poSAXNarrow Field Instrument (NFI) Target of Opportunity®f ~ 1.6 - 10~'% ergent?s™4; Israel 1998) providing 40"

Observation in the direction of pulsatif@KTE source was accurate position of the source. The results of an extensive a
ysis of the public archivdROSAT PSPC and HRI observation

Send offprint requests 1é. Santangelo: andrea@ifcai.pa.cnr.it are reported elsewhere (Israel etal. 1998).
* Affiliated to .C.R.A.
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Fig. 1. Image of the Small Magellanic Cloud Field containing XTE
J0055-724 =1SAX J0054.9-7226 as observed by the MECS onboard
BeppoSAXAt least three other sources are detected in the MECS field
of View. J
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In the rest of thisLetter we present the results of the
timing and spectral analysis of tHeppoSAXobservation of Frequency (Hz)
XTE J0055-724 = 1SAX J0054.9-7226. Fig. 2. Power spectrum of the 2-10keV MECS light curve of 1SAX

J0054.0-7226. The fundamentatad.0169 Hz, together with several
2 Observation higher harmonics are clearly detected.
A detailed description of thBeppoSAXSatellite per Astrono-
mia X can be found in (Boella etal. 1997a). The scientific pajion was performed following the standard procedure described
load comprises four co-aligned Narrow Field Instruments whidh Frontera etal. (1998); however some level of contamination
include the Low Energy Concentrator Spectrometer (LECS, Pafthe PDS spectra and light curves due other SMC sources in-
mar etal. 1997a), sensitive in the 0.1-10 keV energy range, gheded in the collimator response cannot be excluded. The net
Medium Energy Concentrator Spectrometers (MECS, Boefiposure inthe PDS was 18 ksec. XTE J0054.9-724 = 1SAX
etal. 1997b), sensitive in the 2-10keV energy range, a HigA054.0-7226 was detected at a significance dfoo in the
Pressure Gas Scintillation Proportional Counter (HPGSPC, BDS.
100 keV, Manzo etal. 1997) and a Phoswich Detection System
(PDS, 15-200keV, Frontera etal. 1997). TBeppoSAXTar-
get of Opportunity Observation of XTE J0054.9-724 = 1SA
J0054.0-7226 started on 1998, January 28 at 13:39:49 and entteslarrival times of the photons extracted from the region around
at on January 29 at 6:00:40 UT. All instruments were operattte source position were corrected to the solar system barycenter
in their standard configuration. The LECS light curve and speand 1 s binned light curves accumulated. The power spectrum of
trum were extracted from& radius region around the centroidthe MECS 2—-10keV light curve is shown in Hig. 2. A main peak
of the source, so as to maximize the signal to noise ratio. The &-a frequency of 0.0169 Hz corresponding to the fundamental
tal exposure time with the LECS was12 ks. The MECS light of the~ 59 s modulation, is apparent. Higher harmonics (up to
curves and spectra were accumulated from a regiagh cidius the fifth) are clearly detected also. Based on the power spectrum
centered on the source. The total exposure exposure time indhalysis a best period ¢t = 58.97 + 0.05 s was obtained.
MECS was~ 29.5 ks. The background was subtracted from the Torefine the period determination and reduce its uncertainty,
LECS and MECS spectra by using the spectra extracted franfiolding technique was used. The best period was determined
around the source position in detector coordinates during veéoybe P =58.963+0.003 (90% uncertainties are used throughout
long blank field observations. The source was too faint to be dhisLetter). The corresponding light curves obtained by folding
tected inthe HPGSP. The PDS units were operated in collimatoe LECS, MECS and PDS light curves in five different energy
rocking mode with a dwell time of 96 s and an offest angle dfands are shown Figl 3. The modulation is somewhat asymmet-
3° (which still encompassed the SMC). Background subtraige, with the main pulse peaking around phase 0.4 followed by

):2. Timing analysis
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Fig. 4.LECS and MECS spectrum of 1SAX J0054.9—-7226. The upp
panel shows the spectrum together with the best fit absorbed power

Fig. 3. Folded light curves in five different energy ranges: 0.2-2 keModel. The corresponding residuals are shown in the lower panel.
(LECS), 1.5-3keV, 3-6 keV, 6-10keV (MECS), 13-50keV (PDS).

The adopted period and (arbitrary) zero phasefare 58.963 s and .
MJID=50840.999817. McCammon (1983). The best fit;= 1.368 (for 479 degrees of

freedom, dof), is obtained for a photon indexof= 0.81+0.04

nd a column density d¥; = (0.2440.08) x 10?2 cm~2. We

dte that the measuredly is greater than the galactic hydro-

en column in the direction of the Small Magellanic Cloud

Pé)%ically ~ 6-102°cm~2. The absorbed 2-10keV flux of the
rce isF, = 1.95- 10~ ergcnmr2s~! which for a dis-

tance of 65 kpc (Wang & Wu 1992) converts to a luminosit

Phase

a secondary peak around phase 0.7. The interpulse intervﬂ
also fairly structured. The 13-50keV folded light curve fro
the PDS (paned in Fig.[3) shows a similar shape to that at lowe
energies, testifying to presence of the 59 s modulation also in
PDS data. Pulse fractions, defined(&5,,0.. — Imin)/Imaz)s
with I,,,.. 1S andl,,,;, the maximum and minimum count rate%Lz —89.10%ergs ..

are 47%, 77%, 71%, 65%, 69%in the 0.1-2., 1.5-3, 3-6, 6-10, As the (phase averaged) high energy spectrum of the sou

13-50 keV bands, respectively. No clear evidence for an ener observed by the PDS might be affected by the contributi
dependence of the pulse profile or its amplitude is found. T ®m other hard sources within the intrument’s collimator, th
fact thatthe pulse fraction in 13-50 keV band is compatible wi _pulse (0.2-0.8 phase interval, see Fig. 3) minus off-’pul
that at lower energies, might be an indication that the level 8-12 ph;':lse .range) spectra ir{ the LEC.S MECS and P
contamination from nearby sources inthe PDS is low, if present , - ¢ 1A% J0054.9-7226 were accumulated.

atall. The broad band pulse spectrum obtained in this way (s
Fig.5) is well fit by a model consisting of an absorbed powe
4. Spectral analysis law with an exponential high energy cut-off. This is a frequentl
used model for the spectrum of High Mass X-ray Binary Pulsa
(White etal. 1985). The best fit,2= 1.081 (78 dof) is obtained

for a photon index ofx = 0.65 + 0.2 and a cut-off energy

The PHA data from differenBeppoSAXinstruments were
grouped so as to contaiy 20 counts in each energy chan
nel, such that the minumuy? model fitting techniques could .

be used reliably. The LECS and MECS spectrum of 1SA Beutoyy = (7.7 +2.0)keV and a folding energyyoa =
J0054.9-7226 is shown in Fig. 4 (upper panel), together with t 8+ 3'2%) ke\!.z The derived column density Bz = 1.21 &
best fit obtained using an absorbed power—law model. The cr §sx 107 em).
sections for photoelectric absorption are taken from Morrison &
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plying a large flux variability (factor of> 30) with respect to
the RXTE measurement.

The fairly flat power-law slope (photon index ef 0.8)
derived from theBeppoSAX_ECS and MECS spectra (from
0.2 up to 10keV) is common among accreting X-ray pulsars.
Moreover, the source was clearly detected at higher energies
(up to 40keV) in the PDS. The broader band on-pulse minus
off-pulse spectrum obtained by using also the PDS data is very
well fit by an absorbed power law with an exponential cutoff at
higher energies, in turn a frequently adopted model to describe
the energy spectrum of X-ray pulsars up to energies of many
tens of keV.

These results clearly suggest that XTE J0055-724 = 1SAX
J0054.9-7226 is a transient accreting X-ray pulsar in a binary
system with a Be spectral-type companion star. This is further
confirmed by the presence of three early type SMC stars in the
10" radius error circle obtained from a public archR®SAT
HRI observation (Israel et al. 1998). Recently analysis of optical
data (Stevens, Coe, & Buckley, 1998) allowed to discover a
strong Hx emission from one star inside the X-ray error circle. A
February 1998 spectroscopic observation of this star confirmed
the presence of a strongoHemission line and the Be spectral-
type star nature.

Finally, we note that, following the empirical relation be-
tween orbital and pulse periods in Be star X-ray pulsar binaries
(Corbet 1986), an orbital period in the 20—30 day range is to be
expected.

Fig.5. On-pulse (0.2-0.8 phase interval) minus off-pulse (0.8-1.2

phase range) LECS, MECS and PDS spectra of 1SAX J0054.9-7288nowledgementsiVe wish to thank Frank Marshall, James Lochner
_The upper panel shows also the _best fit obtal_ned with a moo_lel CONsigid Robin Corbet of RXTE for having “triggered” this job and for
ing of an absorbed power law with exponential cut-off. Residuals a§gsir collaboration. We thank, also, Luigi Piro and the members of the

shown in the lower panel.

5. Discussion

BeppoSAX Science Team and Science Data Center for their support.
This work was in part funded by dedicated ASI/CNR grants.
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