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A B S T R A C T 

We present new results from INTEGRAL and Swift observations of the hitherto poorly studied and unidentified X-ray source 
XTE J1906 + 090. A bright hard X-ray outburst (luminosity of ∼10 

36 erg s −1 abo v e 20 keV) has been disco v ered with INTEGRAL 

observations in 2010, this being the fourth outburst ever detected from the source. Such events are sporadic, the source duty 

cycle is in the range (0.8–1.6) per cent as inferred from e xtensiv e INTEGRAL and Swift monitoring in a similar hard X-ray 

band. Using five archi v al unpublished Swift /X-Ray Telescope (XRT) observ ations, we found that XTE J1906 + 090 has been 

consistently detected at a persistent low X-ray luminosity value of ∼10 

34 erg s −1 , with limited variability (a factor as high as 4). 
Based on our findings, we propose that XTE J1906 + 090 belongs to the small and rare group of persistent low-luminosity Be 
X-ray binaries. 

Key words: stars: neutron – X-rays: binaries – X-rays: general. 
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 I N T RO D U C T I O N  

TE J1906 + 090 is an 89 s transient X-ray pulsar serendipitously
isco v ered by the Rossi X-ray Timing Explorer ( RXTE ) in 1996
Marsden et al. 1998 ). To date only two outbursts have been reported
n the literature, detected in 1996 and 1998 with RXTE /Proportional
ounter Array (PCA) during a regular monitoring campaign of the
earby magnetar SGR J1900 + 14 (Wilson et al. 2002 ). The two
utbursts differed significantly in term of peak flux and duration. The
996 outburst was particularly short (2–4 d duration) and not partic-
larly bright since it reached a peak flux of ∼6 × 10 −12 erg cm 

−2 s −1 

2–10 keV). The 1998 outburst was longer (25 d duration) and
righter (2–10 keV peak flux of ∼1.1 × 10 −10 erg cm 

−2 s −1 ).
rom spectral analysis, the measured high absorption column density
uggested a source distance of at least 10 kpc. Chandra observations
n 2003 (G ̈o ̆g ̈u s ¸ et al. 2005 ) caught the source at a flux level of

3 × 10 −12 erg cm 

−2 s −1 (2–10 keV). The arcsecond-sized Chandra
osition allowed pinpointing the optical/infrared counterpart whose
olours are typical of an early type star (G ̈o ̆g ̈u s ¸ et al. 2005 ). Based
n the abo v e evidence, XTE J1906 + 090 has been considered a
andidate transient Be X-ray binary (BeXRB). Ho we ver, the firm
onfirmation of such nature can only be obtained through opti-
al/infrared spectroscopy that is still lacking. Corbet, Coley & Krimm
 2017 ) performed a Swift /Burst Alert Telescope (BAT) investigation
f the long-term hard X-ray light curve of the source. They noted the
resence of two bright outbursts in the 15–50 keV light curve (dated
009 and 2016), although no information was provided about their
uration and energetic. In addition, Corbet et al. ( 2017 ) found two
eriodicities at ∼81 and ∼173 d. Although their nature is still unclear,
hey might be the orbital and superorbital period, respectively. 
 E-mail: vito.sguera@inaf.it 
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Here we report new results on XTE J1906 + 090 obtained from
npublished Swift /X-Ray Telescope (XRT) and INTEGRAL archi v al
ata. 

 DATA  ANALYSI S  

.1 INTEGRAL 

he temporal and spectral behaviour of XTE J1906 + 090 has been
nvestigated in detail above 20 keV with the INTEGRAL Soft
amma-Ray Imager (ISGRI) detector (Lebrun et al. 2003 ), which

s the lower energy layer of the Imager on Board the INTEGRAL
atellite (IBIS)-coded mask telescope (Ubertini et al. 2003 ) onboard
NTEGRAL (Winkler et al. 2003 ). 

INTEGRAL observations are divided into short pointings [Sci-
nce Windows (ScWs)] whose typical duration is ∼2000 s. The
BIS/ISGRI public data archive (from revolution 30 to 2000, i.e. from
pproximately 2003 January to 2018 September) has been specifi-
ally searched for hard X-ray activity from XTE J1906 + 090. In
articular, the data set consists of 8119 ScWs where XTE J1906 + 090
as within the instrument field of view (FoV) with an off-axis angle
alue less than 12 ◦. We note that such a limit is generally applied
ecause the response of IBIS/ISGRI is not well modelled at large
f f-axis v alues and this may introduce a systematic error in the
easurement of the source fluxes. 
To search for transient hard X-ray activity from

TE J1906 + 090 in a systematic way, we used the bursticity
ethod as developed by Bird et al. ( 2010 , 2016 ). Such method

ptimizes the source detection time-scale by scanning the
BIS/ISGRI light curve with a variable-sized time window to search
or the best source significance value. Then the duration, time
nterval, and energy band o v er which the source significance is
aximized are recorded. Once a newly disco v ered outburst activity
© 2023 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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Table 1. Summary of the Swift observations. 

Obs ID Start time Exp Off-axis angle 
( UTC ) (ks) (arcmin) 

00010740001 2018-07-04 17:36:00 0.67 4.6 
00010740002 2018-07-08 08:46:00 1.16 1.9 
00010740003 2018-07-10 11:56:00 1.60 1.8 
00014213001 2021-03-31 01:53:35 1.30 12.1 
00014213002 2021-04-14 13:09:34 0.16 12.0 
00014213004 2021-04-28 16:24:34 1.80 11.9 
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Table 2. List of INTEGRAL orbits and their start date, significance of source 
detection, average flux (18–60 keV), and ef fecti ve exposure time on-source. 

Orbit Start time Significance Flux Exposure 
(no.) (MJD) ( σ ) (mCrab) (ks) 

965 + 966 55450.088 < 2 σ ≤3.1 10.0 
972 + 973 55468.587 8.5 σ 12.9 ± 1.5 10.5 
974 + 976 55476.263 < 2 σ ≤3.3 8.8 

Figure 1. IBIS/ISGRI 18–60 keV significance map (revolutions 972 + 973), 
XTE J1906 + 090 (green circle) is detected at 8.5 σ level. 
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rom XTE J1906 + 090 was found, a specific spectrum and light
urve were extracted. To this aim, the data reduction was carried out
ith the latest release 11.2 of the offline scientific analysis ( OSA )

oftware (Courvoisier et al. 2003 ). The IBIS/ISGRI systematics, 
hich are typically of the order of 1 per cent , were added to the

xtracted spectrum. 
Images from the X-ray monitor Joint European X-Ray Monitor 

JEM–X; Lund et al. 2003 ) onboard INTEGRAL were created in two
nergy bands (3–10 and 10–20 keV) for the outburst reported later 
n this work. 

.2 The Neil Gehrels Swift Observatory 

he Neil Gehrels Swift Observatory (hereafter Swift ; Gehrels et al. 
004 ) has co v ered the source sky position with the X-Ray Telescope
XRT; Burrows et al. 2005 ) six times (Table 1 ). The first three
bservations were nominally pointed at XTE J1906 + 090, while the 
ther three imaged the source position serendipitously, at very large 
ff-axis angle. 
We have reprocessed these XRT data [operated in photon counting 

PC) mode] with HEASOFT v6.29 and the most updated calibration 
les, using the XRTPIPELINE tool with standard procedures. Source 
etection and estimate of the source net count rates have been 
btained using XIMAGE (v4.5.1) in HEASOFT and the SOSTA and 
PLIMIT tools, when an upper limit to the source count rate was
eeded. 
Once all the single XRT snapshots have been reprocessed (and the 

ncillary response files, ARF , built with XRTPIPELINE ), we merged 
ogether the three observations performed in 2018, showing the 
o west of f-axis angle (Table 1 ), for a meaningful spectroscopy (see
ection 3.2 ). A single XRT spectrum has been extracted from the
erged event file, using a circular region with a radius of 20 pixels

i.e. ∼47 arcsec) centred at the source position. The background 
pectrum was extracted from an annular region around the source 
entroid, adopting radii of 30 and 50 pixels for the inner and outer
adii, respectively. The appropriate, weighted average ARF has been 
roduced merging together the three single ARF files, using the 
DDARF tool. The source spectrum has been grouped to have at 

east one count per bin and then fitted using XSPEC v12.12.0 (Arnaud
996 ), adopting Cash statistics (Cash 1979 ). 
The uncertainties on the count rates are computed at 1 σ con- 

dence level, while the uncertainties on spectral parameters and 
uxes calculated in XSPEC are at 90 per cent confidence level. All
pper limits are calculated at 3 σ level. X-ray fluxes have been 
stimated in the 0.3–10 keV range, with uncertainties calculated 
sing CFLUX in XSPEC . The model TBABS has been adopted to
ccount for the absorbing column density along the line of sight,
ssuming the interstellar abundances of Wilms, Allen & McCray 
 2000 ) and photoelectric absorption cross-sections of Verner et al. 
 1996 ). 
 RESULTS  

.1 INTEGRAL 

TE J1906 + 090 has been best detected with the bursticity method
n the energy band 18–60 keV during outburst activity in 2010
eptember. Here we report, for the first time, on a detailed temporal
nd spectral analysis of this hard X-ray outburst. This is the first
ctivity from the source reported since RXTE detections during the 
ate nineties. 

As we can note from Table 2 , XTE J1906 + 090 was not detected
n the single revolutions 965 (2010 September 9) and 966 (2010
eptember 11), nor in their summed significance map for a total
n source exposure of ∼10 ks. We inferred a 2 σ upper limit of
3 mCrab (18–60 keV). Conversely, the source was detected with 
 significance of 6.5 σ and 6.0 σ (18–60 keV) during revolution 972
2010 September 29) and 973 (2010 October 2), respectively. We 
tacked the data for both revolutions with the aim of increasing
he statistics. XTE J1906 + 090 was detected with a significance of
.5 σ (18–60 keV) for a total on-source exposure of ∼10.5 ks (see
ig. 1 ). No detection was obtained in the higher energy band 60–
00 keV. The average 18–60 keV flux is 12.9 ± 1.5 mCrab (or
1.7 × 10 −10 erg cm 

−2 s −1 ). The source was never significantly
etected at ScW level (i.e. ≥5 σ ) at any point of the observation.
inally, XTE J1906 + 090 was not detected in any single revolution
fter 973, i.e. 974 (2010 October 7) and 976 (2010 October 10), nor
n their summed mosaic for a total on source exposure of ∼9 ks. We
nferred a 2 σ upper limit of ∼3.3 mCrab (18–60 keV). 

The IBIS/ISGRI light curve at ScW level (Fig. 2 ) clearly shows
he outburst activity detected during revolutions 972 and 973. It was
MNRAS 523, 1192–1198 (2023) 
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Figure 2. IBIS/ISGRI light curve of XTE J1906 + 090 (18–60 keV) at ScW 

level (2000 s) covering the INTEGRAL observations listed in Table 2 . Time 
and flux axis are in MJD and count s −1 , respectively. 
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Figure 3. IBIS/ISGRI spectrum of XTE J1906 + 090, showing the power-law 

data-to-model fit with the corresponding residuals. 

Table 3. XTE J1906 + 090 intensity during the Swift /XRT observations. 

Obs ID Start date Count rate 
(MJD) (10 −2 count s −1 ) 

00010740001 58303.7333 4.4 ± 1.2 
00010740002 58307.3652 1.97 ± 0.55 
00010740003 58309.4972 3.4 ± 0.62 
00014213001 59304.0789 2.34 ± 0.75 
00014213002 59318.5483 < 4.1 
00014213004 59332.6837 1.36 ± 0.44 
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haracterized by a duration of ∼4 d during which the measured peak
ux (at MJD 55471.7) is 21 ± 5 mCrab or ∼2.7 × 10 −10 erg cm 

−2 s −1 

18–60 keV), Unfortunately, there is a gap in the light curve between
evolutions 966 and 972 that does not allow us to fully constrain the
roper duration of the total outburst activity. Based on the INTEGRAL
ata co v erage, the duration can be loosely constrained in the range
–25 d. In this context, Swift /BAT data can be particularly helpful
ince the BAT instrument provides a continuous time co v erage of the
ource activity with no temporal gaps. From the Swift /BAT archive,
e downloaded the 15–50 keV source light curve on daily time-

cale, and we checked if the source was active or not during the
emporal range corresponding to the gaps of the IBIS/ISGRI light
urve. No significant hard X-ray activity was evident, suggesting that
he duration of the outburst detected by INTEGRAL was very likely
f the order of ∼4 d. Such a duration is similar to that estimated with
XTE during the outburst occurred in 1996. 
We extracted the average IBIS/ISGRI spectrum of the outburst

uring revolutions 972 + 973. The best fit is achieved with a power-
aw model ( χ2 

ν = 0.92, 4 degrees of freedom) characterized by a
teep photon index ( � = 4.7 ± 0.7). The average 18–60 keV (20–
0 keV) flux is 1.2 × 10 −10 erg cm 

−2 s −1 (8.3 × 10 −11 erg cm 

−2 s −1 ).
lternatively, a thermal bremsstrahlung model provides a reasonable
t ( χ2 

ν = 0.6, 4 degrees of freedom) with kT = 7.7 + 2 . 7 
−1 . 8 keV.

ig. 3 shows the power-law data-to-model fit with the corresponding
esiduals. 

The source was also in the JEM–X2 FoV during INTEGRAL
bservations from revolution 972–973, for a total on-source exposure
f ∼15 ks. No detection was achieved in the X-ray band 3–
0 keV, the inferred 3 σ upper limit is of the order of ∼6 mCrab
r 9 × 10 −11 erg cm 

−2 s −1 . In the higher energy band 10–20 keV
here is a hint of weak detection at ∼4 σ level. The statistics are
nsufficient to perform any meaningful analysis. Eventually we do
ot consider it as a reliable detection. 
XTE J1906 + 090 is not detected as a persistent source in the

atest INTEGRAL /IBIS catalogue of Bird et al. ( 2016 ), despite an
 xtensiv e co v erage of its sk y re gion for a total on-source exposure of
6 Ms. This information can be used to infer a 3 σ upper limit on its

ersistent hard X-ray emission, which is of the order of 0.3 mCrab or
.3 × 10 −12 erg cm 

−2 s −1 (20–40 keV). When assuming the source
ux in the same energy band as measured by IBIS/ISGRI during the
eported outburst, we can derive a dynamic range ≥36. 
NRAS 523, 1192–1198 (2023) 
.1.1 Search for periodicities 

e performed a timing analysis of the long-term IBIS/ISGRI light
urves, using the epoch folding method, in order to search for
eriodicities that could eventually be ascribed to the orbital or
uperorbital period as previously found by Corbet et al. ( 2017 ). The
BIS/ISGRI ScW light curve (18–60 keV) covers the observational
eriod from 2003 January to 2018 September. We applied standard
ptimum filtering in order to exclude poor-quality data points that
ould eventually disrupt the periodic signal (see Sguera et al. 2007 ;
oossens et al. 2013 for details). Periodicities were searched for in

he range 0.1–1000 d, but none were found. 

.2 Swift 

 source positionally coincident with XTE J1906 + 090 has been de-
ected in each single XRT pointing, except in Obs ID 00014213002,
here the very short exposure time allowed us to obtain only an
pper limit to the source intensity. The source count rates [corrected
or point spread function (PSF), sampling dead time, and vignetting]
btained using SOSTA and UPLIMIT tool in XIMAGE on the single
mages and exposure maps are reported in Table 3 . We have converted
hese XRT/Photon Counting (PC) rates into unabsorbed fluxes (0.3–
0 keV), adopting an average factor of 1 × 10 −10 erg cm 

−2 count −1 

assuming a power-law model with a photon index � = 2 and N H =
 × 10 22 cm 

−2 ). 
In Fig. 4 , we show the long-term light curve built from these fluxes,

ogether with several upper limits derived from XMM –Newton slew
bservations (see Section 3.3 ). 
We focussed our attention on the three contiguous XRT obser-

ations that span the time range 2018 July 4–10 (see Table 1 ).
ince the XRT spectra extracted from each single observation have a

art/stad1494_f2.eps
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Figure 4. Long-term light curve of XTE J1906 + 090 ( Swift /XRT and XMM –
Newton data). The unabsorbed Swift /XRT fluxes are derived from Table 3 (see 
text), while the 3 σ upper limits on fluxes obtained from the XMM–Newton 
sle w observ ations are taken from Table 4 . A power-law model with a photon 
index � = 2 and N H = 10 22 cm 

−2 has been assumed. 
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Figure 5. Swift /XRT spectrum obtained from the merging of the three 
observations performed in 2018. An absorbed power-law model is shown 
(see text for the parameters): the counts spectrum together with the ratio with 
respect to the best-fitting model is shown in the top panel, while the photon 
spectrum is displayed in the bottom panel. Spectra have been rebinned for 
presentation purposes only. 

Figure 6. Source X-ray variability as a function of the maximum luminos- 
ity, for XTE J1906 + 090 (filled triangle), RX J0440.9 + 4431 (filled star), 
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ery similar spectral shape, we considered the spectrum extracted 
rom their sum. This spectrum resulted in a net count rate of
.022 ± 0.003 count s −1 (0.3–10 keV), for an exposure time of 3.4 ks.
 good fit has been obtained with an absorbed power-law model 

Cash statistics 57.93 using 74 bins; null hypothesis probability 
f 0.981 with 71 degrees of freedom), with the following spectral 
arameters: absorbing column density N H = 2.0( + 2 . 0 

−1 . 5 ) × 10 22 cm 

−2 , 
ower-la w photon inde x � = 1.38 + 0 . 95 

−0 . 83 , and a flux corrected for the
bsorption UF = 3.2( + 3 . 4 

−0 . 9 ) × 10 −12 erg cm 

−2 s −1 . The spectrum is
hown in Fig. 5 . We note that these spectral shape and flux values are
ery similar to those measured during the 2003 Chandra observation 
eported by G ̈o ̆g ̈u s ¸ et al. ( 2005 ). 

.3 XMM –Newton slew obser v ations 

he source sky position has never been covered by any XMM –Newton
Jansen et al. 2001 ) pointing. Ho we ver, a fe w sle w manoeuvres
which reoriented the spacecraft between targets) serendipitously 
o v ered XTE J1906 + 090 position with very short exposure times.
e decided to use these XMM–Newton slew observations to constrain 

he long-term source light curve. To this aim, we have used the ESA
pper limit server (HIgh energy LIght-curve GeneraTor, HILIGT; 1 

 ̈onig et al. 2022 ; Saxton et al. 2022 ), which calculates the 3 σ upper
imits on the X-ray fluxes from the XMM –Newton slew observations. 
he results are reported in Table 4 . 
We note that by default, HILIGT returns 3 σ upper limits on 

bsorbed fluxes (0.2–12 keV) assuming a power-law model with a 
hoton index � of 2 and a low absorbing column density N H =
 × 10 21 cm 

−2 (forth column in Table 4 ). Therefore, we have
onverted these values to the 0.3–10 keV energy band (for a more
irect comparison with Swift results), assuming a more appropriate 
olumn density of N H = 1 × 10 22 cm 

−2 and a power-law model with
 = 2. The 3 σ upper limits on the fluxes corrected for the absorption

0.3–10 keV) are listed in the last column of Table 4 , and reported in
he long-term light curve (Fig. 4 ). 
MNRAS 523, 1192–1198 (2023) 

 http:// xmmuls.esac.esa.int/ upperlimitserver/ 

SAX J0635.2 + 0533 (filled square), A0538 −66 (open star), and various 
classes of BeXRBs: persistent (filled circles), the Milky Way (MW) transients 
(open circles), and the Small Magellanic Cloud (SMC) transients (crosses). 
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Table 4. 3 σ upper limits on the X-ray fluxes obtained through HIgh energy 
LIght-curve GeneraTor (HILIGT) with XMM –Newton slew observations. 

Date MJD Exp. Abs. flux a Unabs. flux b 

(s) (0.2–12 keV) (0.3–10 keV) 

2004-04-13 53108.8729 9.3 < 6.0 × 10 −12 < 1.9 × 10 −11 

2004-04-19 53114.8875 4.5 < 8.9 × 10 −12 < 2.8 × 10 −11 

2004-04-23 53118.7965 6.0 < 5.4 × 10 −12 < 1.7 × 10 −11 

2008-03-25 54550.9285 1.4 < 16.7 × 10 −12 < 5.3 × 10 −11 

2008-04-03 54559.2683 9.5 < 3.8 × 10 −12 < 1.2 × 10 −11 

2015-10-16 57311.5233 6.2 < 4.7 × 10 −12 < 1.5 × 10 −11 

2016-09-21 57652.5307 9.8 < 2.6 × 10 −12 < 0.8 × 10 −11 

2020-09-20 59112.6833 8.7 < 4.6 × 10 −12 < 1.5 × 10 −11 

a Absorbed flux, for an assumed power-law model ( � = 2) and absorption 
N H = 1 × 10 21 cm 

−2 , in the energy band 0.2–12 keV. 
b Unabsorbed flux, calculated assuming a power-law model ( � = 2) and 
absorption N H = 1 × 10 22 cm 

−2 , in the energy band 0.3–10 keV. 
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Table 5. Summary of average (unless specified otherwise) X-ray luminosity 
values of all X-ray detections from XTE J1906 + 090 reported to date, along 
with information on date of beginning activity, X-ray band, and reference of 
the detection. 

Satellite Date Lum Energy Ref 
(MJD) (erg s −1 ) (keV) 

RXTE 50343.000 6.3 × 10 34 a 2–10 (1), (2) 
RXTE 51056.000 1.1 × 10 36 a 2–10 (2) 
Chandra 52785.000 3.1 × 10 34 2–10 (3) 
Swift /BAT ∼55000 3.6 × 10 36 a 18–60 (4) 
INTEGRAL 55468.587 3.0 × 10 36 a 18–60 This work 
Swift /BAT ∼57450 3.1 × 10 36 a 18–60 (4) 
Swift /XRT 58303.733 4.6 × 10 34 0.3–10 This work 
Swift /XRT 58307.365 2.1 × 10 34 0.3–10 This work 
Swift /XRT 58309.497 3.6 × 10 34 0.3–10 This work 
Swift /XRT 59304.907 2.5 × 10 34 0.3–10 This work 
Swift /XRT 59332.683 1.5 × 10 34 0.3–10 This work 

Note. References: (1) Marsden et al. 1998 ; (2) Wilson et al. 2002 ; (3) G ̈o ̆g ̈u s ¸
et al. 2005 ; and (4) Corbet et al. ( 2017 ). a Peak luminosity. 
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All the XMM–Newton unabsorbed flux values reported in Table 4
mply 3 σ upper limits on the X-ray luminosity in the range from
.1 × 10 34 to 5.6 × 10 35 erg s −1 (see next section for the assumed
istance value). 

 S O U R C E  D ISTANCE  A N D  X - R AY  

UMIN OSITIES  

recise information on the source distance is necessary to calcu-
ate the correct associated luminosities. To date, the distance of
TE J1906 + 090 has been assumed to be of the order of 10 kpc, as
erely suggested from the measured high-absorption column density

btained through RXTE spectral analysis (Marsden et al. 1998 ).
owadays accurate and reliable distance estimates are available

rom the Gaia astrometric mission. We relied on the last release
vailable Early Data Release 3 (EDR3; Gaia Collaboration et al.
021 ), and on source distances computed by Bailer-Jones et al.
 2021 ) who used the parallaxes along with parameters that affect
he parallax measurement such as the magnitude and the colour of
he star, and a distance prior based on the density of stars in the
alaxy. 

Two distance estimates are available for XTE J1906 + 090 obtained
ith two different methods: geometric d g = 6.37 + 3 . 47 

−1 . 97 kpc (based
nly on the parallax) and photogeometric d pg = 9.38 + 2 . 90 

−1 . 77 kpc (which
ses also the colour and the apparent magnitude of the star). On the
ne side, the nominal values of the distance from the two methods
iffer by a factor of ∼1.5, accordingly the relative luminosity values
ould differ by a factor ∼2.2. On the other side, in both cases the

ormal errors are relatively large and the corresponding uncertainty
anges are partially compatible. As for the choice of whether to use
eometric or photogeometric distance, we note that for stars with
e gativ e parallax es and large parallax uncertainties (which is the case
f our specific source) photogeometric distances will generally be
ore precise and reliable than geometric ones (Bailer-Jones 2021 ).
herefore, according to the Gaia results, we will adopt a distance of
.4 kpc to calculate the luminosities of XTE J1906 + 090. This is also
ompatible with a previous estimate from X-ray spectral analysis
Marsden et al. 1998 ). 

In Table 5 , we report the X-ray luminosities corresponding to
he INTEGRAL and Swift /XRT detections reported for the first time
n this work. In addition, we also report the Chandra , RXTE , and
wift /BAT X-ray luminosities corresponding to the five detections
reviously reported in the literature. 
NRAS 523, 1192–1198 (2023) 
 DI SCUSSI ON  

TE J1906 + 090 is an unidentified transient X-ray pulsar whose
ptical/infrared counterpart has colours typical of an early type star.
ence it is considered a candidate BeXRB, although spectroscopy is

till lacking. 
Table 5 lists a summary of characteristics of all X-ray detections of

TE J1906 + 090 obtained to date, the majority of them are reported
n this work for the first time. We note that four X-ray outbursts have
een detected, thanks to an e xtensiv e source monitoring spanning
 v er three decades with X-ray missions like RXTE , INTEGRAL , and
wift . Moreo v er, we note that the RXTE 1996 detection (MJD 50343)
as been previously reported in the literature as an X-ray outburst
y Wilson et al. ( 2002 ), ho we ver we argue that its peak luminosity
6 × 10 34 erg s −1 ) is more than one order of magnitude lower than
ypical Type I outbursts from BeXRBs. We are more inclined to
onsider it as enhanced X-ray activity due to accretion of material
rom the stellar wind of the Be star and not from its decretion disc. 

The four outbursts are characterized by a similar X-ray luminosity
f ∼10 36 erg s −1 . The first outburst was detected in 1998 by RXTE
2–10 keV) with a duration of ∼25 d (Wilson et al. 2002 ). The
utburst detected by INTEGRAL (18–60 keV) is newly disco v ered
nd reported in this work for the first time; it was detected in 2010
ith a duration of ∼4 d. According to Corbet et al. ( 2017 ), we

onsidered φ = 0 at MJD 55 000 and the periodicity of 81.4 d
173.1 d) to measure the phase of the INTEGRAL outburst. We found
hat its peak took place at φ ∼ 0.8 ( φ ∼ 0.7). For a comparison, we
efer the reader to figs 20 and 21 in Corbet et al. ( 2017 ) where the
ight curve folded on 81.4 d (173.1 d) clearly shows a smooth (sharp)
eak at φ ∼ 0.9–1 ( φ ∼ 1). Two outbursts have been detected by
wift /BAT (15–50 keV) in 2009 and 2016 as reported by Corbet et al.
 2017 ), although no information was provided about their duration
nd energetics. To this aim, we derived the Swift /BAT count rates
t the peak of both e vents follo wing Corbet et al. ( 2017 ). Then we
sed them with WEBPIMMS in order to estimate the fluxes and
orresponding luminosities in the energy band 18–60 keV to allow
 proper comparison with the outburst detected by INTEGRAL (see
 able 5 ). W e assumed the same spectral model and parameter values

i.e. power law) of the INTEGRAL outburst detection reported in
his work. As for the outburst duration, from the Swift /BAT daily
ight curve we inferred values of ∼18 and ∼20 d, respectively. We
ote that the X-ray characteristics of all outbursts could be indicative
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f classical Type I outbursts from BeXRB, hence reinforcing the 
roposed nature. We calculated a source duty cycle of ∼1.6 per cent
rom INTEGRAL observations (18–60 keV) co v ering the period 2003 
anuary–2018 September. In a similar energy band (15–50 keV), 
e obtained a value of ∼0.8 per cent from Swift /BAT observations

o v ering a significantly longer period from 2005 February to 2023
pril. 
Outside X-ray outburst activity, to date XTE J1906 + 090 was 

bserved six times with sensitive X-ray satellites below 10 keV (five 
ut of six observations are reported for the first time in this work).
otably, o v er those six X-ray observations spanning about 18 yr,
TE J1906 + 090 was always detected with a very similar low X-ray

uminosity value in the range (1–4) × 10 34 erg s −1 . Clearly, when
TE J1906 + 090 has been observed with sufficient exposure (i.e. 
0.5 ks) with sensitive X-ray satellites below 10 keV, it has been

l w ays detected as a persistent low X-ray luminosity source with
imited variability (a factor as high as 4). Abo v e 20 keV, the X-ray
uminosity upper limit is < 3 × 10 34 erg s −1 , as we inferred from deep
NTEGRAL observations (16 Ms). At energies > 20 keV the level of
he source persistent low luminosity is below the sensitivity threshold 
f current hard X-ray missions like INTEGRAL or Swift /BAT. 
We note that the abo v e newly reported X-ray characteristics 

f XTE J1906 + 090 strongly resemble those of persistent low- 
uminosity BeXRBs, which are a small and rare subgroup of peculiar 
eXRBs (Pfahl et al. 2002 ). To date, only a handful of such objects
ave been reported in the literature, amongst the ∼100 known 
lassical transient BeXRBs. Persistent low-luminosity BeXRBs are 
ainly characterized by (i) long spin period (greater than several tens 

f seconds), (ii) persistent low X-ray luminosity in the range 10 34 –
0 35 erg s −1 , and (iii) limited X-ray variability (rare and unpredictable
ncreases in flux by a factor of ≤10). Such properties suggest that
he compact object orbits the donor Be star in a wide (orbital periods
onger than ∼30 d) and nearly circular ( e < 0.2) orbit, rarely or never
rossing the decretion disc star and continuously accreting material 
rom the lower density outer regions of the stellar wind. 

Our proposed classification of persistent low-luminosity BeXRB 

or XTE J1906 + 090 is not at odds with the four X-ray outbursts ob-
erved to date. In fact, we note that a similar sporadic variability was
lready observed in all the BeXRBs that are traditionally considered 
s persistent sources, such as RX J0146.9 + 6121 (La Palombara &
ereghetti 2006 ), X Persei (La Palombara & Mereghetti 2007 ), 

nd RX J1037.5 −5647 (La Palombara et al. 2009 ). Although these
ources are usually observed at a X-ray luminosity level of about 
0 34 erg s −1 , occasionally all of them hav e rev ealed a luminosity
ncrease up to a few 10 35 erg s −1 , thus with a variability higher than
ne order of magnitude. 
Even more interesting is the case of the BeXRB 

X J0440.9 + 4431, which is the fourth member of the class
f persistent BeXRBs originally identified by Reig & Roche ( 1999 ).
etween 2010 and 2011 three outbursts were observed for this 

ource, which reached a peak luminosity of about 10 36 erg s −1 (La
alombara et al. 2012 ). These were the only flux increases larger

han one order of magnitude observed for this source o v er a time
pan of about 25 yr. But, very surprisingly, at the end of 2022 this
ource has shown a new outstanding outburst, reaching a peak X-ray 
uminosity of about 10 37 erg s −1 (Coley et al. 2023 ). The origin of
hese rare and unpredictable events is not clear. Very likely, these 
arge outbursts could be explained by particularly rare episodes of 
tructural changes in the decretion disc of the Be star that could
esult in a significant enlargement of the disc itself, allowing its
rossing with the neutron star compact object. We note that the 
ux variability of RX J0440.9 + 4431 is remarkably similar to that
bserved in XTE J1906 + 090. In fact, also for this source four
ifferent outbursts were detected in o v er 20 yr of observations;
or all of them the peak luminosity was about 10 36 erg s −1 . Apart
rom these outbursts, similarly to the previous cited sources, 
TE J1906 + 090 was always detected at a X-ray luminosity level of
 few 10 34 erg s −1 , never going to quiescence. The occurrence of
hese sporadic outbursts in these otherwise steady sources suggests 
hat the variability requirement L max / L min < 10, originally proposed
y Reig & Roche ( 1999 ), is no longer valid in order to identify
ersistent BeXRBs. 
The similarity between XTE J1906 + 090 and the other persistent

eXRBs is shown in Fig. 6 , where we report the source variability
 L max / L min ) as a function of the maximum observed luminosity
 L max ) for various classes of BeXRBs. There RX J0440.9 + 4431
s represented as a filled star, while the four filled circles repre-
ent the other three persistent and low-luminosity BeXRBs, plus 
XOU J225355.1 + 624336, which is a candidate member of this
roup (La Palombara et al. 2021 ). On the other hand, open circles
nd crosses represent, respectively, the transient Milky Way (MW) 
ources (Tsygankov et al. 2017 ) and the Small Magellanic Cloud
SMC) sources reported by Haberl & Sturm ( 2016 ). For complete-
ess, we report also the two peculiar sources SAX J0635.2 + 0533
filled square; La Palombara & Mereghetti 2017 ) and LMC 0538 −66
open star; Skinner et al. 1982 ; Kretschmar et al. 2004 ). In this
gure, XTE J1906 + 090 is reported as a filled triangle. The L max / L min 

atio of this source is fully consistent with that observed in most of the
ersistent BeXRBs, thus supporting its classification as an additional 
ember of this class of sources. 
Corbet et al. ( 2017 ) reported the disco v ery of two periodicities

rom XTE J1906 + 090 particularly long (81 and 173 d) that could be
nterpreted in terms of orbital and superorbital period, respectively. 
his finding supports the possibility of a significantly wide orbit 

or the source, similarly to the case of persistent low-luminosity 
eXRBs. 
From the spectral point of view, it is interesting to note that

he Chandra spectrum of XTE J1906 + 090 (G ̈o ̆g ̈u s ¸ et al. 2005 )
as been described by a hot blackbody model ( kT ∼ 1.5 keV).
n fact, this type of thermal component has been observed in
e veral lo w-luminosity and long-period high-mass X-ray binaries 
HMXBs) and, in particular, in the four confirmed persistent 
eXRBs (La Palombara et al. 2012 ). In all cases the blackbody

adius is remarkably consistent with the estimated size of the 
eutron star polar cap (assuming standard values for the neutron 
tar parameters). This finding supports the hypothesis that the 
bserved thermal component originates at the surface of the neutron 
tar. 

It would be very interesting to investigate the presence and the
roperties of this component also in XTE J1906 + 090, but the
vailable exposure time and statistics of the current soft X-ray 
ata (below 10 keV) prevent us from a more detailed spectral
nvestigation. Longer soft X-ray observations (e.g. with XMM –
ewton ) would be particularly useful to perform a much deeper X-ray

pectral investigation of the additional thermal spectral component, 
n order to support our proposed scenario of a persistent low-
uminosity BeXRB. Still, the final word on the real nature of
TE J1906 + 090 is up to near-infrared or optical spectroscopy of

he putative counterpart, which is still lacking. 
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