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ABSTRACT

We report on a broad-band X-ray study (0.5-60 keV) of the Igyoknown candidate Supergiant Fast X-ray Transient (SFXT)
IGR J18462 0223, and on optical and near-infrared (NIR) followup olgations of field objects. The out-of-outburst X-ray state
has been investigated for the first time with archilddTEGRAL/IBIS, ASCA, Chandra and Swift/XRT observations. This allowed
us to place stringentd upper limits on the soft (0.5-10 keV) and hard (18-60 keV)a¥-emission of 2.910*2 erg cm? st
and 810°%? erg cnr? s71, respectively; the source was also detected during annesdiate soft X-ray state with flux equal to
1.6x10! erg cn? st (0.5-10 keV). In addition, we report on thSTEGRAL/IBIS discovery of three fast hard X-ray flares (18—-60
keV) having a duration in the range 1-12 hours: the flaringabiein was also investigated in soft X-rays (3—10 keV) withréval
INTEGRAL/JEM-X observations. The duty cycle (1.2%) and the dynamigea ¢ 1,380 and> 190 in the energy bands 0.5-10
keV and 18-60 keV, respectively) were measured for the firg.tArchival UKIDSSJHK NIR data, together with our dedpband
imaging of the field, unveiled a single, very red object ieside intersection of th8wift/XRT and XMM-Newton error circles: this
source has opticAlIR photometric properties compatible with a very heavibsarbed blue supergiant located~afll kpc, thus
being a strong candidate counterpart for IGR J184223. NIR spectroscopy is advised to confirm the associdfimmlly, a hint of

a possible orbital period was found-a2.13 days. If confirmed by further studies, this would makR 384620223 the SFXT with
the shortest orbital period among the currently known sgste
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1. Introduction SFXT, or its dismissal (e.g. AX J1749:2733, Zurita Heras &
_ . Chaty (2008)), through the spectroscopical identificatban

The INTEGRAL observatory (Winkler et al. 2003), launched iNbarly-type supergiant star. One of the main aims of the atirre
October 2002, has opened a new era in the study of Supergigitiies on SFXTs is to collect more detailed spetteaiporal
High Mass X-ray Binaries (SGXBs). In fact the Galacti¢nformation on poorly known candidate SFXTs, in order to-con
Plane monitoring performed by thBTEGRAL/IBIS instrument iy their nature and so increase the sample of established ob
(Ubertini et al. 2003) led to _the discovery of a new sub—cla_1|§§cts_ This is mandatory for a population study, e.g. totgista
of SGXBs named as Supergiant Fast X-ray Transients (SFXT$SEXTs are a homogeneous class or display a varietyfeddi
SFXTs host an OB blue supergiant star as the companion doggf X-ray characteristics. It is also important to unved #volu-
(Negueruela et al. 2006) and display a peculiar fast X-rag-tr tjonary paths and formation rate of SFXTs in our Galaxy as wel
sient behavior lasting typically a few hours and no longenth 5 their accretion mechanisms, which are still largely wmkm
few days at most (Sgueraetal. 2005,62006)%Thety1p|cal dymam Among the candidate SFXTs, IGR J1846223 is one of
ranges, from X-ray outburstif ~ 10° — 16°7 erg s™) to low- ¢ poorest studied to date. In the hard X-ray band (20-60,keV
est level of X-ray emission, are of the order of20C°. Such o o1y information reported in the literature come fromotw
peculiar f‘f"SF X-ray transient pehawor Is at odds;_ W'th theay- fast X-ray outbursts detected bBMTEGRAL/IBIS (Grebenev &
characteristics of their historical parent population afitvfed g\, a6y2010), one in April 2006 (duration and average flux of
SGXBs which are detected as bright persistent X-ray SOUrCE},r and 65 mCrab, respectively) and another one in October
with typical Lx of ~10° ergs-. . 2007 (5 hours and 35 mCrab). During both outbursts the aver-

Although SEXT hunting is not an easy task, in a few yeatgye 20-60 keV X-ray spectrum is well fit by a power laiw (
~ 10 firm SFXTs have been reported in the literature (see list N 5) or alternatively a bremsstrahlung model (kB0 keV).
Grebenev 2010) plus a similar number of candidate SFXTS (ey§ addition, a possible cyclotron resonance feature ar@fd
Sidoli et al. 2012, Fiocchi et al. 2010). The latter are stillden- ke\/ was reported by Grebenev & Sunyaev (2010), although
tified X-ray sources displaying a fast X-ray transient bédiav the authors could not draw any conclusion on the genuine ex-
and a X-ray spectral shape strongly resembling those fram fifstence of such feature. As for the soft X-ray band (0.5-M)ke
SFXTs. However only infrargdptical follow-up observations of |GR 3184620223 was observed BYMM-Newton for 32 ks on
the pinpointed counterpart can provide a firm classificaién April 2011 (Bodaghee et al. 2012). Its X-ray spectrum is well
modeled by an absorbed power law which yields a large ab-
Send offprint requests to: sguera@iasfbo.inaf.it sorbing column densityNy~ 3x10? cm™2) and a photon in-
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dex equal td” ~ 1.5. The unabsorbed X-ray flux is &601? .
erg cnt? s71 (0.5-10 keV). An iron line at 6.4 keV and a break
in the power law at 3 keV are also present in the X-ray spec-

trum. These spectral characteristics are typical of widldc-

creting X-ray pulsars and in fact X-ray pulsations were also

discovered at- 997 seconds (Bodaghee et al. 2012). The cat-
alogued 2MASS infrared source nearest toXiiVi-Newton er-

ror circle (2’5 radius) is 2MASS J18461279-02222865NO
B-1.0 0876—0579765 which is about43away, i.e. outside of it JF

10
T

(Bodaghee et al. 2012). I

Here we report on both soft (0.5-10 keV) and hard (18— Jr
60 keV) X-ray properties of IGR J1846P223 during the out- "
of-outburst state, as obtained from archivs8CA, Chandra, om0 poco ) 0 ot
Swift/XRT andINTEGRAL/IBIS observations. We also report on
INTEGRAL/IBIS and INTEGRAL/JEM—-X spectral and timing __ ) )
analysis of three newly discovered fast X-ray outburstxtNee  Fi9- 1. IBIS/ISGRI light curve (18-60 keV) of a newly discov-
investigated the IBISSGRI andRXTE/ASM long-term moni- ered fast.X-(ay Qutburst from IGR J18462223 (N. 4 in Table
toring light curves of the source searching for orbital pdi¢- 1)- The bin time is 500 seconds.
ities. Moreover, to explore the field of IGR J1848®223 and
investigate its longer-wavelength counterpart, we aeguop-
tical spectra of 2MASS J18461270222261 and deeB-band
imaging of the source field with the 3.58m Telescopio Nazienad meaningful spectral analysis for the outbursts havindae
Galileo located in Canary Islands (Spain) and with the 1.58$t significance detection (N. 4 and 5 in Table 1), we assumed a
Cassini telescope located in Loiano (ltaly), respectivatyalso  Crab-like energy spectrum (photon index equal to 2.1) tozal
retrieved near-infrared (NIR) images of the field colleatéthin  late their fluxes.
the UKIDSS Galactic Plane Survey (Lucas et al. 2008). The strongest as well as shortest newly discovered outburst

(N. 4) was detected at 5s7level during only one ScW last-
ing ~ 1 hour, at an fi-axis angle of about 6.6 degrees. Fig. 1

2. Data Analysis shows the IBIASGRI light curve of the entire outburst activ-
ity with a bin time of 500 seconds. It reached a peak flux of
4+13 mCrab or (7.81.7)x10 % erg cnt? s (18-60 keV) on

Count/sec
——
—=
=+

Start Time 14519 19:49:29:617 Stop Time 14519 22:44:29:617

For theINTEGRA_L _study, we used all the public data collecte
;Vg?llﬁlnsp(;ggm'gr' ?ﬁ:ld :tgoggtf::%rnsli:s‘igrg?%igopgoitr?t'Masy4 March 2008, its average flux during the entire outburst-dura
) i s . 10 5 1 - o

Science Windows (ScWs, 2000 seconds duration) where IGP{Ion Is equal to 2.210 " "erg cm® s . The limited statistics

o : 5.70 detection) prevent us from a meaningful spectral analy-
J18462-0223 was within 12from the centre of the instruments_; -
field of view (FoV), for a total on-source time of 6.96 Ms. A°12 sis. Another newly discovered fast X-ray outburst (N. Zpred

0 . ; a 18-60 keV peak flux of 286 mCrab or (2.60.7)x1071% erg
limit was applled_ because théfa@xis response of IBIS (Whosecm*2 s~ on 3 September 2003. The total outburst durationwas
FoV is 30'x30°) is not well modelled at large angles and co

: . ; 12 hours for a detection of 82 Its 18-60 keV spectrum is well
sequently may introduce a systematic error in the measunie ted by a simple power law model with=2.0"%7 (,2=0.96, 15
of source fluxes. The data reduction was carried out with the TS0 Vb mr

i 11
release 9.0 of the fine Scientific Analysis software (OSA). .0;2.),7Ehtla:_av?lragﬁ fllux (18_?0 o||('eV) 1S e((qjufal to)zgmr erg
IBIS/ISGRI (Lebrun et al. 2003) images for each pointing wer’&g‘ s Finally, the last newly discoverec fast X-ray outburst
generated in the energy band 18-60 keV. . 5) was detected on 19 March 2009 atJével with a du-

We also used unpublished soft X-ray observations of IGﬁgonbOf'“ 472;);”15 I{(r)i%Ched a 128_EO I?]PTIV ?ﬁak flux Oftfhﬁ
184620223 (0'5_10 kev) from theASCA, Chandra and gqurirna tﬁ:e (eﬁtiré o)l>J<tburst(iesfge CLT;' t?) kélllvﬁllgereci\‘/r%rsafgleAg "
Swift/XRT archive. g q g .

Through the paper, all spectral analysis was performed iR the case of outburst N. 4, the limited statistics preverftom

ing Xspec version 11.3; uncertainties are given at the 90% Conﬁ_meamngful spegtral analysis. -
dence level for one single parameter of interest. Table 1 provides a summary of the characteristics of

all hard X-ray outbursts detected HYNTEGRAL/IBIS from
IGR J184620223 to date. We note that the newly discovered

3. INTEGRAL results X-ray outbursts (N. 2, 4, 5) are similar, in term of duratiorda
spectral shape, to those previously reported in the liteeatN.

3.1. IBIS/ISGRI 1, 3) by Grebenev & Sunyaev (2010).

3.1.1. Outbursts Grebenev & Sunyaev (2010) suggested the presence of a

possible cyclotron resonance feature &6 keV in the summed
An analysis at the ScW level of all the deconvolved IB&&SRI  X-ray spectra (20—60 keV) of two already published outlaurst
shadowgrams (18-60 keV) has been performed to search for r{dlv1 and 3 in Table 1). Bearing in mind that the X-ray outbsirst
fast X-ray flares from IGR J1846D223 detected with a signif- N. 1, 2 and 3 in Table 1 have a very similar spectral shape mithi
icance greater than at least &nd lasting from few hours to athe large uncertainties, we summed them up with the aim of im-
few days. As a result, we report three newly discovered fast Kroving the statistics and investigate the presence of silges
ray outbursts which are listed in Table 1 together with tte d& cyclotron absorbing feature. A power lalW=2.1+0.5, y2=1.3,
the peak emission, approximate duration, outburst detestg- 15 d.o.f.) provided a reasonable description of the avespge-
nificance, flux at outburst peak, average flux and photon indiexkm 18-60 keV. We therefore added to the power law model a
of the power law spectrum. Since it was not possible to perforcyclotron absorption line (cyclabs in XSPEC notation), boer
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Table 1. Summary of the characteristics of all hard X-ray outburst®ecdted by NTEGRAL/IBIS from IGR J184620223 to date.
The table lists the date of their peak emission, energy bétitealetection, approximate duration and significanceatiete of the
entire flaring activity, X-ray flux at the peak, average fluxdgrhoton index of the power law spectrum. Outbursts numbet, 5,
are newly discovered while outbursts number 1 and 3, indithy the symbol (*), have been already reported in the titeesby
Grebenev & Sunyaev (2010) = outburst also detected BNTEGRAL/JEM—X.

N. peak-date  energy band duration significance peak-flux ragedlux r
(MJD) (keV) (hours) ©) (ergcnm?s?t)  (ergcmi?st)  (power law)

1(*) ~53853.40 18-60 ~1 7.8 (1.5:0.2)x10°° 4.0x10°10 2.2°07

2 ~53981.20  18-60  ~12 8.2 2.60.7x10%°  9.7x10M 2.0°07

3() ~5438575 1860  ~5 111 (6414100 26100 2,486

4 ~54519.89 18-60 ~1 5.7 (7.61.7)x10°°  2.7x10°%0 ‘

5 ~54909.08 18-60 ~4 5.7 (7.G:2.1)x10°%0 1.1x10°1°

Table 2. Summary of characteristics of all soft X-ray observatiargéted at IGR J18462223 to date. The table lists the date of
the observation, energy band and X-ray satellite perfogrttie observation, exposure time, unabsorbed average fluxy Xtate
of the source, photon index and total absorption of the pdsweispectrum: = 30 upper limit. The observation indicated by the
symbol (*) has been already reported in the literature bydgee et al. 2012.

date energy band X-ray satellite exposure  average flux Ytae r NH
(MJD) (keV) (ks) (erg cm? s71) (power law) (162, cn?)
50561.00 0.5-10 ASCA 22  <2.910B3 quiescence

53853.35 3-10 INTEGRALJEM—-X 2 1.0x<10°1° outburst 0.980.55

54766.65 0.5-10 Chandra 1 <7.1x10%2%  quiescence

55669.37 (*) 0.5-10 XMM 32 3810 intermediate 1.580.1 281
55877.80 0.5-10 SWjKRT 2 2. 10 intermediate 1.¥0.2 19.751

no such feature was statistically required by the data.heuart tion, the source was also detected by JEM—X at3eel (3—
studies with much better statistics are needed to fully cordir 20 keV) with an &ective exposure time of 1.7 ks. From the
reject the genuine existence of such feature. JEM-X light curve of the X-ray outburst binned with 100 sec-
onds, we estimated a 3-10 keV (3-20 keV) source peak flux
equal to 4.80.7 (6.1:1.1) x107%° erg cn? s™1. We extracted

a JEM-X spectrum (3—-20 keV) which was reasonably fitted
The out-of-outburst hard X-ray behaviour of IGR J1846223 With a simple power law modelyf=0.96, 131 d.o.f.) having
(18-60 keV) is totally unkr):own. We searched the enti hard photon |nde><r(:0.98t0.55)_. Unfortunately the JEM-X
IBIS/ISGRI public data archive for pointings where IG ata extend.down_ on!y to 3 keV, i.e. not low gnough In energy
J18462-0223 was within the fully coded FoV of IBIS {89°). to aI:jow_ an |rr11ve§t|gat|on gf the X-rai/ 8)?;‘8:%'0”' Thezag?ra
Subsequently we excluded those individual ScWs during fvhi uxloulzm\g t ed érg{(?% urst was 1. 520 ker\‘j-’ C(/TVT SI

the source was in outburst. We collected a total of 34 ev) and 2. erg cnr” s ( e ev). Ve also
ScWs which were used to generate a mosaic significari@l ormed the broadband spectral analysis of the simutee
map in the 18-60 keV band for a total exposure of 712 kicM—X/ISGRI outburst spectrum: a good fit was achieved by a
IGR J184620223 was not detected and we inferred a 18—&PWer law f;=1.09, 139 d'%'f') having=1.3:0.5 and a cross-
keV 3 upper limit of 0.6 mCrab or810 2 erg cmr2 st (again calibration constant of 1:§/. The 3-60 keV average flux is
by assuming a Crab-like energy spectrum with photon ind&@ual to 5.%x10*%erg cnm?s™*.

equal to 2.1). If we assume the highest source flux to takeeplac

in an outburst during its peak (x307° erg cnt? sY) , as mea-

sured by IBIZISGRI in the energy range 18-60 keV, we can . )
derive a dynamic range of 190. 4. Archival soft X-ray observations

3.1.2. Out-of-outburst emission

4.1. ASCA

3.2. JEM-X . .
From archival ASCA data, we found that on April 1997

The X-Ray Monitor JEM-X (Lund et al. 2003) on board théGR J184620223 was inside the GIS2 FoV fer22 ks during
INTEGRAL satellite performs observations simultaneously witAn observation of thASCA Galactic Plane survey (Sugizaki et
IBIS/ISGRI, providing images in the energy band 3—-35 keV withl. 2001). We reduced the data and found that the source was no
a 13.2 diameter partially coded FoV (PCFoV). Images frometected. A background count rate of ¢.6ts s was derived
JEM-X (3—-20 keV) were created for all outbursts reported ind then used it with WEBPIMMS in order to estimate a 0.5—
Table 1. Because of the much smaller JEM—X PCFoV compargd keV 3r upper limit of 2.%<1073 erg cn1? s71 (we assumed

to the IBIS one (30x30°), only in one case was the source inthe same spectral model of ti8aift/XRT observation). If we
side the JEM—X PCFoV so that it was possible to extract a sp@onsider the highest source flux to take place in an outbsrst a
trum and a X-ray light curve. In fact, during the outbursttthaletected byNTEGRAL/JEM—X in a similar energy range, then
occurred in April 2006 (N. 1 in Table 1) witk 1 hour dura- we can infer a dynamic range sf1,380.
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T

v. 013 of the response matrices and created individuallangil
J( J( response filesrf using xrrMkarr v. 0.6.0. IGR J184620223
was detected at 130 level, the best determined XRT position

is at RA = 18'46M12.84, Dec = —02°22’ 29".7 (J2000) with
the error radius being equal t§44. Such coordinates are/2
from (and compatible with) thEMM-Newton position reported
by Bodaghee et al. (2012) with an error radius’th 2see Fig. 7
St 1 and relative discussion in section 6).

From theSwift/XRT data, it was possible to extract a mean-
ingful spectrum only in the energy range 1-7 keV. Below 1
1 2 5 keV and above 7 keV, the statistics are not good enough to
Eneray Lev) perform a reliable spectral analysis. Because of the sroafi-n

ber of counts, we used the Cash statistic on the unbinned data

= }[ ] (Cash 1979). Firstly the spectrum was fitted by an absorbed

1 # i it JM power law where the absorption was fixed to the Galactic value
= T i of 1.85<10?2 cm? (Kalberla et al. 2005), however the fit (C-
3 JF Jr ] statisticgd.0.f=496598) was characterized by a hard photon in-
¥ > dex and the residuals strongly suggested the presenceraf ext
) ) . absorption at lower energies. The addition of an intrinb&oap-
Fig. 2. Swift/XRT spectrum of IGR J184620223 best fitted by +jon significantly improved the fit (C-statisticso.f=380597;

an absorbed power law model (top) and relative residuals (b@c-11¢). The best fit parameters aFe-1.7"92 and intrinsic

tom). NH=(19.75 ) x 1072 cm? (see spectrum in Fig. 2), values that
are fully compatible within the uncertainties with thoseaibed
with XMM-Newton (Bodaghee et al. 2012). In particular, the in-
: trinsic Ny measured by botXMM-Newton and Swift/XRT (i.e.

0.01
+
—+

normalized counts s keV-!

riomalized counts ™ eV

001

oloRIsE ~ 3x 107 cm?) is higher than that characterizing other classical
] SFXTs (i.e.~ 10?2 cm2). The Swift/XRT 0.5-10 keV absorbed
. oGRIHS (unabsorbed) average flux is ¥B0'' erg cn?2 s71 (2.7x10°
10F o XIE1739 ] erg cnT? s71). We note that this is a flux state similar to that mea-
g OO0 L ri7ses ] sured byXMM-Newton (unabsorbed 361071 erg cn? s1)

in the same energy band. A light curve was extracted from the
0 AX1845 16R16465 ] Swift/XRT data and we noted that the source flux remained con-
] stant, within errors, with no sign of flaring activity througut

% of Time Spent in Outburst

il o lerense | the duration of the observation.
' o AX1820
50 100 150 200 250 300 4.3. Chandra

Exposure Time of the Source Field with INTEGRAL (d)
The ACIS-I detector onboardChandra observed IGR
Fig.3. Percentage of time spent in outburst vs exposure tirdd84620223 on 27 October 2008 for a total exposure
(days) for a sample of 13 firfoandidate SFXTs as taken fromtime of ~ 1 ks . We reduced the data using the latest Ciao

Ducci et al. (2010). IGR J1846®223 is indicated by means ofSoftware (v 4.4) and calibration file. No source was detected
a black triangle. inside the ACIS-I FoV and we derived a background count rate

of 0.05 cts st and then used it with WEBPIMMS in order to

estimate a 0.5-10 keVo3upper limit of 7.2x10°*? erg cnt?

s (we assumed the same spectral model of $n&ft/XRT
4.2. SNift/XRT observation).

A search in th&wift (Gehrels et al. 2004) X-ray telescope (XRT,

0.2-10 ke\/, Burrows et al. 2005) data archive revealed tiRaE X 5. Recurrence time of the outbursts and duty Cyc'e
pointed at IGR J18462223 (source on-axis) on 12 November

2011 for a total exposure of 2 ks. 5.1. INTEGRAL

XRT data reduction was performed using the XRTDAS stafq o sky region of IGR J1846D223 has been covered by

dard data pipeline packagergrrreLine v. 0.12.6), in order to INTEGRAL/IBIS observations for a total exposure time-of7
produce screened event files. All data were extracted only \fL INTEGRAL/IBIS monitoring could be considered as a spo-

the Photon Counting (PC) mode (Hill et al. 2004), adoptirg t dic sampling of the light curve with a resolution of 2008-se
standard grade filtering (0-12 for PC) according to the XR nds overpa b%seline 6?8 years. We calculated the duty cycle

nomenclature. Events for spectral analysis were extratitein of IGR J184620223 (i.e. the fraction of time spent in bright
a circular region of radius 2Q centered on the source position,

which encloses about 90% of the PSF at 1.5 keV (see Morettief g0, ¢ | we used the XRT_UVOT alignment and matching UVOT
al. 2004). The background was taken from various sour@-fig,4 sources to the USNO-B1 catalog, see Evans et al. 2009 and
regions close to the X-ray source of interest, using circtéa ntpywww.swift.ac.ukuserobjects

gions with diferent radii in order to ensure an evenly sampled2 on the basis of the Wilks theorem (1938,1963), Cash denatastr
background. In all cases, the spectra were extracted frewdh  that AC is distributed as\y?, and consequently the confidence levels
responding event files using the XSELECT software. We usetk determined in the same way of ffestatistics
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power

o lll
0.001 0.01 01 4 0.001 0.01 01
period (1/day) period (1/hour)

Fig.4. Lomb-Scargle periodogram of IGR J1846223 Fig.5.Fast Fouriertransform periodogram of IGR J1846223
RXTE/ASM dwell by dwell light curve. The two dotted linesRXTE/ASM dwell by dwell light curve as downloaded from
represent the significance level of 90% and 99%, respegtivahe ASM team web pagé (htfxte.mit.edyASM.Ic.html) and
No significant signal is detected above 99%, the strongedt pebtained by using the standard criteria mentioned there. Th
is slightly above the 90% level and it corresponds to a pesfod strongest peak corresponds to a period of 2.1377 days.
2.1378 days.

detected slightly above a significance level of 90% (seedidt

outbursts with respect to the total observational timelpfoing  corresponds to a period 6f2.1378 days which is in agreement
the same criteria adopted by Ducci et al. (2010), i.e. we coith the previously inferred value of 2.13 days. Other pesies
sidered the duration of only the bright outbursts detectit v @IS0 present in the periodogram although they do not exdeed t
significance level greater than at least &s result the duty cy- 90% significance level. While this could appear unusual,ete n
cle is~ 1.2%, in Fig. 3 we compare it with those of a sample d_hat it is not the first time that a period has_been detectelen t
firm/candidate SFXTs analyzed by Ducci et al. (2010). We nolight curve of one X-ray instrument and not in that of othexg(

It is intriguing to note that all the outbursts detected bfFPXTE/ASM long-term monitoring light curve has a much longer

INTEGRAL to date (see Table 1) are spaced by multiples af Paseline (14 years) than IBISGRI (8 years), in addition ASM
days. In fact if we assume the occurrence time of the nth estbyM€asure the source count rate up to several times per dag so th
as given by F=To+(NTorw), Where 5=53853.4 MJD is the time ASM light curve is well sampled t_hroughoutthe_ 14 years, \lvh_lc
of the first ever detected outburst, then we found thai=2.13 IS not the case of the IB/fSGRI light curve. This could possi-
days is the longest value able to account for the peak oauare P!y €xplain why an hint of periodicity has been observed anly

of all the detected outbursts. In fact, the times predictethe € RXTE/ASM periodogram.

Tob=2.13 days periodicity (53981.20 at cycle 8D, 54385.90 As crosscheck, we also downloaded from the ASM team web
at =250, 54520.09 at=+313, 54909.88 at+496) are in very Page the fast Fourler.transform power density spectrum Bf IG
good agreement with those observed NFEGRAL at the peak J18462-0223 as obtained from the ASM team by using the stan-
(see Table 1) if we consider the outbursts duration of therrciard criteria mentioned there (i.e. by averaging the lighves

of hours. Such hint of a possible 2.13 days periodicity cdugld INt0 0.05 day bins, subtracting the mean value of all infeabit
interpreted as the likely orbital period of the binary spsté\s Pins from each inhabited bin, and taking a fast Fourier trans
next step, in order to search for any evidence of periodiayty form, the resulting power in each frequency bin is d|V|de(_JI by
using a proper analysis, we investigated the JBB&RI long- the average power over the whole frequency range). As it can
term light curve with the Lomb-Scargle periodogram methd?€ Seen from Fig 5, again the strongest peak in the periodogra
by means of the fast implementation of Press & Rybicki (198§presponds to a period 6f2.1377 days. Unfortunately we can-
and Scargle (1982). No signal having a significance levedtgre ot claim a secure detection and draw any firm conclusionen th

than at least 90% is seen in the periodogram at any period,gi‘i’%nUine presence of a 2.13 days periodicity in R@E/ASM
particular at- 2.13 days. data because of the low statistical significanee90%) of the

tentative detected periodicity.

5.2. RXTE/ASM

. . . Search for the optical/near-infrared counterpart
The all sky instrument ASM (Levine et al. 1996), onboarg P P

the RXTE satellite, was an X-ray monitor consisting of thre§o explore the field of IGR J18462223 and investigate its pro-
Scanning Shadow Cameras (SSCs) each with a position sepsised counterpart, we followed several approaches.
tive proportional counter. ASM measured the counts from IGR First, in order to conclusively exclude as the opti-
J18462-0223 with one of the three SSCs up to several times p&dl counterpart the nearest catalogued IR source 2MASS
day during~ 90 seconds long dwells. We downloaded from th184612790222261 mentioned by Bodaghee et al. (2012),
ASM team web page (httfixte.mit.edéASM.Ic.html) the long- starting at 02:49 UT on 2012 May 31 we acquired two 20-
term monitoring light curve (2—-10 keV) covering the periogth  min optical spectra of it with the 3.58m Telescopio Nazienal
Jan 1996 to Dec 2009. Galileo, located in the Canary Islands (Spain) and equipptd

We investigated with Lomb—Scargle the long-term monitothe DoLoRes istrument plus LR-B grism and a slit of width
ing RXTE/ASM dwell by dwell light curve. The strongest peakisl’”5. These spectra were reduced following a standard proeedur
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(Horne 1986) within IRAB. As expected, given the position ofto be much brighter in the NIR. We thus consider this sourse al
2MASS J184612790222261 with respect to thdMIM-Newton  as an unlikely counterpart for IGR J1848223.
and Swift positions of IGR J184620223 (see also Fig. 6), its  In the UKIDSS images we moreover detected a number of
optical spectrum does not show any peculiar feature andsappether objects within or close th8wift and theXMM-Newton
typical of a very reddened G-type star. X—ray error circles (as can be seen in the lower panel of Fig.
Next, we performed deep optical imaging on tK¥M- 6); however, a more careful look shows just one single NIR ob-
Newton and Swift/XRT error circles to look for the presence ofiect within their intersection: this source appears rathréght
fainter objects within them. To this purpose we acquired2@e in the K-band image and is undetected in thdand one. Its
min R-band exposures of the IGR J1846®223 field with the UKIDSS coordinates (J2000) are RA18" 46™ 12757, Dec=
1.5m ‘Cassini’ telescope located in Loiano (Italy). Thesgope —02° 22" 28748 (the uncertainty is about 0; Lucas et al. 2008),
carries the BFOSC instrument, with an EEV CCD which aknd the NIR magnitudes atk> 19.5,H = 15.714:0.010 and
lows the coverage of a 18126 field with a scale of ®68/pixel. K = 13.178:0.003 (for theJ-band we used the survey limit as
Observations were performed starting at 21:29 UT of 201y Juieported in Casali et al. 2007). We remark that the UKIDSS as-
27, under an average seeing 691 trometry is fully consistent with the X—ray and the opticaks

The scientific frames were corrected for bias and flat fiekithin uncertainties, and that the photometry is as well-con
and then stacked together to increase th@i @tio, again fol- Sistent with the 2MASS one (Skrutskie et al. 2006) of isalate
lowing a standard procedure. To get an estimate of the imdifld stars. We also notice that this source is positionalipci-
depth, we performed a photometric study of it. Owing to th@ent (within @25) with the mid-IR GLIMPSE catalogue source
field crowdedness (see Fig. 6), we chose standard pointcsprE430.223%00.0791 (Benjamin et al. 2003).
function (PSF) fitting technique by using the PSF-fittingaalg ~ All of the above strongly points out that this very source,
rithm of the DAOPHOT Il image data-analysis package (Stetsdying within the intersection of the two X-ray positionalaer-
1987) running within MIDA. tainties, might be a very reddened blue supergiar_u and_lha_lac

The image thus acquired was then also processed V\;i:ﬂ_)pnterpartofIGR J18462)22?3._Asacorolla(y, thls finding in-
the GAIA/Starlinl package to obtain an astrometric solutioflicates that the two X—ray positions are not in disagreerent
based on 30 USNO-ABioreference stars in the field of IGR'ather allowed, by being considered together, the disgooer
J18462-0223. The conservative error in the optical position i&'€ NIR counterpart of this hard X—ray object.

0’58, which was added in quadrature to the systematic error in

the USNO catalogue (@5 according to Assafin et al. 2001 and ] )
Deutsch 1999). 7. Summary and discussion

. The_ final I uncertainty in the astrometric solution of thee presented a comprehensive multiwavelength study of the
image is thus 063. Once we had determined the astrometry borly known candidate SFXT IGR J18462223, at X—rays in

the image, we superimposed It with tMMI\/I_-Nthon andS/vlft. the energy bands 0.5-10 keV and 18-60 keV both in outburst
X-ra)l;.error circles. The r_eﬁ.ult;(swztl\e/lpoNrted in Fig. 6, UFpaﬁm@l. and out-of-outburst state, as well as in optical and NIR kand
no objects are present within thieAM-Newton error circle down o 60y soft X—ray positional information obtained with

to a 3o magnitude lim[l of R < 21.5, while an object lying «,; : ,
! Swift/XRT andXMM-Newton, together with optical and NIR ob-
southeast of 2MASS J18461279-0222261 and of magnRude servations allowed us to pinpoint the very likely countetod

18.76:0.04 is contained in th8wift positional uncertainty. This ;- : . b
: this hard X—ray object as a very red source with characiesist
source has coordinates (J2000) RA8" 46™ 1290, Dec= ~02 fully consistent with those of a heavily reddened earlyetgp-

22 2_8'/8' ) pergiant. Assuming thus a blue supergiant nature for the sec
Finally, to better explore this source and the NIR content %fndary component of the X—ray binary IGR J1846223, we

the two X—ray error circles we searched the UKIDSS Galactign determine the reddening toward the source by consiglerin

Plane Survey (Lucas et al. 2008) for NIR images of the fiele intrinsic NIR colors of such stars (Wegner 1994). In the

(see Fig. 6, lower panel). We fourHK frames acquired on 12 present case, we obserbe— K = 2.54, whereas for early-type
June 2006 and we clearly detect the above object at magﬂ”“%pergiants the intrinsic value of this color i ¢ K)o ~ 0,

J = 15.39%0.005,H = 14.7603:0.004 ancK = 14.34%0.009. \yhich implies a color excess(H — K) ~ 2.5. Using the Milky

These values and the associated colors are actually noatygi \\ay extinction law of Cardelli et al. (1989) this means a reid
a reddened blue giant counterpart of a SFXT, which is expecqﬁg Ay ~ 40 mag, orAx ~ 4 mag. This is of course consistent
with the nondetection of the object in tRband, and also in the
3 |RAF is the Image Analysis and Reduction Facility made avail one given that a magnitude~ 22.5 is expected for the source
able to the astronomical community by the National Opticstrénomy in this scenario, thus well below the UKIDSS limit in this lwan
Observatories, which are operated by AURA, Inc., under con- This reddening, using the formula of Predehl & Schmitt
tract with the U.S. National Science Foundation. It is all# at (1995), implies a column densityy ~ 6.4x10?2 cn?, which
htipy/lraf.noao.eqxl _ _ _is larger than that of the Galaxy along the line of sight of the
* MIDAS (Munich Image Data Analysis System) is developed; dissqrce, but smaller than that measured in X—rays (see Table 2
trlbl_Jltekt)J: and maintained by the_European Sou_thern Obseyvatal is this suggests that (i) the object is very far from Earth, poss
avsa'az\i,ai?ai: eh ggﬁmgfmgﬁoiw&rggf:ggﬁgg aia html !oly on the_far sidg pf_ the Galaxy, and (ii) additiqnal extioot
S : is present in the vicinity of the accretor. Concerning pgintve

6 The USNO-A2.0 catalogue is available at . . L
httpy/archive.eso.ofgkycaserveraisnoa can try to estimate the distance of IGR J186@223 again in the

7 We stress that th@-band magnitude calibration was obtained usingssumptlon that it hosts an OB Sgperg|ant. Uskgg~ 40 mag
USNO-A2.0 stars in the field, which are known to have systemat- and the tabulated absolute magnitudes (Lang 1992) andrsolou
certainties of up to a few tenths of magnitude in some cases\setti (WWegner 1994) for this type of star we find a distance-afl
et al. 2003), thus the magnitudes reported above méigrsiiom a sys- Kpc, thus consistent with a Scutum arm tangent locationhier t
tematic shift of this amount. source as suggested by Bodaghee et al. (2012).
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- SFXTs. Remarkably, the duration of all the X-ray outburss d
ke tected byINTEGRAL is of the order of few hours, i.e. in the
range 1-12 hours. Grebenev & Sunyaev (2010) argued that this
li characteristic could be due to an observatioifigat related to
M = the source large distance or alternatively to its locatibthe
2MASS J18461279-0222261 edge of tha NTEGRAL/IBIS FoV when detected during the out-
l bursts, i.e. a region where th&exctive area of the telescope de-
creases. We tend to favor the former hypothesis since sotne ou
bursts have been detected BYTEGRAL/IBIS at low of-axis
angle (e.g~ 6°). It is likely that, due to the relatively large dis-
tance of the source-(11 kpc), only the brightest > 10° erg
s™1) and shortest (few hours duration) tops of the outbursts are
detectable while the longer and lower intensity X-ray ousbu
activity is just too faint to be detected at energies abovkeh3
We found that the time IGR J18460223 spends in bright out-
bursts (as detected BINTEGRAL) is ~ 1.2% of the total. This
value is in the range 0.1%—3% found by Ducci et al. (2010) who
analyzed NTEGRAL data of a sample of firfoandidate SFXTSs.
From archivalNTEGRAL/IBIS observations, we placed a
30 upper limit of ~ 8x107%? erg cm? s71 (1.1x10°° erg s? at
11 kpc) to the hard X-ray emission during the out-of-outburs
state (18—-60 keV), this is the most stringent constrain aldd/
keV to date. ArchivaASCA andChandra observations also al-
lowed us to infer a deepd3upper limit on the soft X-ray flux
(0.5-10 keV) of the order of 2:@0°* erg cnt? s which
translates into a luminosity dfy<4.1x10% erg s* at 11 kpc.
Such value implies a lower limit on the dynamic range equal to
>1,380 (0.5-10 keV). It is very likely thaaSCA andChandra
observed the source during its soft X-ray quiescence wtsch i
a very rare state for SFXTs, being characterized by no accre-
tion, luminosity values oty ~ 10°2 erg s* and very soft X-
ray spectrum (e.g. see int'’Zand 2005). Conversely, we tegor
a Swift/XRT detection with an absorbed flux (luminosity) of 1.6
x107* erg cnt? s7! (2.3x10% erg st at 11 kpc). Such value
is at least two order of magnitudes higher than those inderre
from theASCA andChandra observations during the likely qui-
escence, moreover it is about one—two order of magnituderlow
than those typically measured during X-ray outbursts.likedy
that our reporte®wift/XRT detection of the source, in addition
to theXMM one reported by Bodaghee et al. 2012 with a similar
flux, represent the so-called intermediate intensity X-state
during which SFXTs spend the majority of their time (Siddli e
al. 2008) with typicalLx ~ 10** erg s and hard X-ray spec-
tra (C~ 1-2). During such intermediate X-ray state, SFXTs are
Fig.6. Rband image acquired with the *Cassini’ telescopstill_accreting_ material although at a_mu_ch lower level thizat
I ) BFOSC Upper paneh and UKIDSSband image (lower Surmg the bright X-ray outbursts (Sidoli et al. 2008). Traxdh
plus (Upper p ) ge ( X-ray spectrumI(~1.5) and the X-ray flux values measured by

panel) of the field of IGR J1846:D223, both with superimposedbothsmﬁ/xm. andXMM are compati : : ;
. X patible with the intermediate
the 90% confidence leve{MM-Newton and Swift X—ray error intensity state scenario.

circles (the right (blue) and the left (red) one, respedfjvéor We found an hint of a possible periodicity ef 2.13 days

both images, the field size is about’4@0”; north is at top and _. .
. . . ince all five X-ray outbursts detected byYTEGRAL/IBIS to
east is to the left. The 2MASS object mentioned by Bodagh élte are spaced by multiples of 2.13 days. This periodicityd

et al. (2012) is also labeled and indicated with an arrow & t e interoreted as the likelv orbital period of the binarv-svs
upper panel, whereas the counterpart we propose in this sap em UmE)ortunateI we canr>1/ot draw gn firm conclusionyonyits
t_he NIR obje_ct in the lower panel containe(_j within the inéers geniJine existencgbecause no unambiéuous and significant si
tion of the Swift and theXMM-Newton error circles. nal (e.g. significance-99.99%) at 2.13 days has been found
with a proper periodicity analysis. In fact, we note that ottb
RXTE/ASM periodograms obtained with twoftBrent methods
(Lomb—Scargle and fast Fourier transform) a 2.13 days gerio
As regards the X—ray emission, and in particular the X-rdgity has been detected with a significance too 1ew90%) to
outburst behavior, if we assume a distance~ol1 kpc then claim a secure and firm detection.
IGR J18462-0223 displays peak-outburst X-ray luminosities in ~ Firstly, we note that Bodaghee et al. (2012) have re-
the range~ (4—-22)<10% erg s! (18-60 keV) or 5.810° erg cently detected X-ray pulsations at 997 seconds from
s1 (3-10 keV), i.e. values similar to those of known confirmetGR J184620223. If we suppose that the tentative orbital pe-
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O —— R S neutron star compact object. This mechanism producesnegtre
L supergionts 09 p variations in the mass accretion rate (mainly due to the dy-
i 1 namical interaction of the weak tidal gas stream with the ac-
cretion bow shock around the neutron star) and is respansibl
for the observed marked X-ray variability on short timescal
Interestingly, Sidoli et al. (2012) proposed that suchgitonal
Roche lobe overflow scenario could be a dominant process not
only in the case of the SFXT IGR J6418532 but also in other
SFXTs with similar short orbital periods, e.g. our specifise of
IGR J184620223. To date, the only available long 80 ks) soft
X-ray observation{MM) of IGR J18462-0223 was recently re-
ported by Bodaghee et al. (2012); the source was detected at
an intermediate flux level of 3x10'! erg cnt? s71 (0.5-10
. - " - - - - keV) with a variabi_lity of an order of magnitude on timesale
Companion Mass (Solar Masses) as short as- 15 minutes. Unfortunately, other soft X-ray ob-
servations are still lacking and are strongly needed tqy fel-
Fig.7. Roche lobe radius at periastron versus the companiplere and consider whether or not a transitional Roche loke-o
mass, assuming an orbital period of 2.13 days, feiedént ec- flow is occurring. Presently it is puzzling to explain how a3F
centricities (solid line: €0; dashed line: €0.05; dash-dotted with a short orbital period, like IGR J1846R223, could spend
line: e=0.1). Radii and masses of O-type stars are also overplatconsiderable fraction of time at very low X-ray luminossti
ted, taken from Martins et al. (2005): diamonds mark O-typeut-of-outbursts, as inferred especially from INTEGRAInd¢p
giant stars (luminosity class 111), while asterisks inde®-type term monitoring above 18 ke\Lg < 10* erg s?1). One possi-
supergiants (luminosity class I), forftirent spectral sub-types.ble explanation is that some mechanisms could likely be atwo
to reducgstop the mass accretion rate onto the neutron star, i.e.
centrifugal angbr magnetic barrier (Bozzo et al. 2008, Grebenev
et al. 2007), transitions between twdfdrent regimes of plasma
riod of 2.13 days is real, then this would nicely place theesys cooling (Shakura et al. 2012).
in the region of the Corbet diagram which host the wind—fed Further studies on IGR J1846@223, especially a long term
SGXBs and some other SFXTs (IGR J1752419, Drave et al. monitoring across all orbital phases, would be very useftsst
2012; IGR J164184532, Sidoli et al. 2012), however the saméhe above models. Moreover, further investigations aenglly
holds also for significantly longer orbital periods, i.e. tgp~ needed to fully confirm (or reject) the genuine existence of
30-40 days. the putative 2.13 days periodicity. Also, NIR spectroscapy
More importantly, if we suppose that the tentative orbitaleeded to definitely confirm the nature of the reddened UKIDSS
period of 2.13 days is real, then IGR J1846223 would be source presented in this paper as the likely counterpa@Bf |
the SFXT with the shortest orbital period among the curgentl18462-0223 and its association with this interesting hard X—
known systems. Firstly, this scenario poses the questimiiis- ray object.
sive early-type OB supergiant star is compatible or not witth
a short orbital period. Assuming that the compact objechisia Acknowledgements. We are very grateful to the referee, Ignacio Negueruela,
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IGR J18462 0223 having a short orbital period, its OB super-
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