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ABSTRACT

In this paper, we report on the available X-ray data coll@tielNTEGRAL Swift andXMM-Newtonduring the first outburst of the
INTEGRALtransient IGR J17451-3022, discovered in 2014 August. Tdratoring observations provided by the JEM-X instruments
on-boardNTEGRALand theSwift/XRT showed that the event lasted for about 9 months and tharthission of the source remained
soft for the entire period. The source emission is dominated thermal componenkT ~ 1.2 keV), most likely produced by an
accretion disk. Th&MM-Newtorobservation carried out during the outburst revealed thegurce of multiple absorption features in
the soft X-ray emission that could be associated to the poesef an ionized absorber lying above the accretion diskhasrved in
many high-inclination low mass X-ray binaries. TK&M-Newtondata also revealed the presence of partial and rectangulay X
eclipses (lasting about 820 s), together with dips. Thedatn be associated with increases in the overall absorpdlomn density

in the direction of the source. The detection of two condeeut-ray eclipses in th&MM-Newtondata allowed us to estimate the

source orbital period @,,=22620.529 s (1o c..).
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1. Introduction 1E 1*&843

28.80(

IGRJ17451-3022 is an X-ray transient discovered & ‘ e
INTEGRALoN 2014 August 22, during the observations pe
formed in the direction of the Galactic center (Chenevetilet
2014). The source underwent a 9 months-long outburst a SRS
began its return to quiescence in the second half of Mi
2015 [Bahramian et Al. 2015a). At discovery, the source d 1'9“
played a relatively soft emission, significantly detecteditie

JEM-X instrument on-boardNTEGRAL only below 10keV B I
(Chenevez et al._2014). The estimated 3-10 keV flux w:
~7 mCrab, corresponding to roughly 8 erg cnt? s1. The SL'Z*’*’
outburst of IGRJ17451-3022 was followed-up wiBwift

(Altamirano et al.| 2014] Heinke etlal. 2014; Bahramian et ¢
2015b, 201445,a)S uzaku (Jaisawal et al. 2015), ardhandra
(Chakrabarty et al. 2014). The best determined source pc
tion was obtained from th&€handra data at RA(J2000)=

17h45m0.e72’ Dec(J2000)= ~30°2243'3, with an as.soqlatgdr{:ig_ 1.INTEGRALJEM-X mosaicked image around the position
uncertainty of 05 (90% c.l.). The spectral energy distribulion 1R 17451-3022 (3-10 keV). This has been obtained by us-
of the source, together wi e discovery of X-ray eclips : ; .
spaced by~6.3 h, led to the classification of this source a(? e?(é{h%%ag’[izggegfg tde lfé'rf]grtggt,;ﬁ;lIﬁfggmgr}:%giﬁ
a low mass X-ray binary (LMXB; Bahramian et al. 20‘l4bthis mosaic with ,a sianificance of 23}_?
Jaisawal et al. 2015). 9 '
In this paper we report on the analysis of all availableift
andINTEGRALdata collected during the outburst of the source,
together with &XMM-NewtonTarget of Opportunity observation
(ToO) that was performed on 2014 March 6 for 40ks.
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2. INTEGRAL data significance of the source was of only &.0n the 20-40 keV
energy band and 306in the 40-80 keV energy range. These
During its outburst, IGRJ17451-3022 was visible within th 4 gy reng

, , . fow significance detections are likely due to background-fluc
field of view of the two JEM-X units on-boall TEGRALfrom 5tions. We estimated in this case a apper limit on the

satellite revolution 1448 (starting on 2014 August 18) tdQ4 4\ rce flux of about 2 mCrab in both the 20-40 keV and 40-
(hereafter first part of the outburst) and from 1508 to 153@l{e gq Key energy bands (correspondingth5x 101 erg cnr? 571

ing on 2015 April 25; hereafter second part of the outbu®. 5,41 4101t erg cnt2 s°1, respectively). By combining the
analyzed all the publicly availabINTEGRALdata and those |gGR| data from all revolution 1448-1533, excluding revio

for Wh'Ch our group got access _rlghts in tﬁﬂ_&TEGRALAOll 1458, we did not notice an increase in the source detectipn si
by using version 10.1 of the fBline Scientific Analysis Soft- \ificance. In this deeper mosaic (total exposure time 2.7 ¥e)
ware (OSA) d'Str'bUt.ed by the .IS.D(’ (_Courv0|_5|er et a!. “'OO?’gource detection was at6in the 20-40 keV energy band and
INTEGRAL observations are divided into “science windows? g in the 40-80 keV energy band. This finding supports the
(SCWs), i.e. pointings with typical durations 62-3 ks. Only jqeq that the mentioned low level detections in all revolusi
SCWs in which the source was located to W'th”.‘ diraxis 1458 are likely to result from background fluctuations.
angle of 4.5 deg from the center of the JEM-X field of view | \avolution 1458. the source was detected atsSi8
(Lund et al. 2003) were included in the JEM-X analysis, whilg, "3 19 kev JEM-X’ energy band with a count-rate of

for IBIS/ISGRI we retained all SCWs where the source Wagga, 4 14 cts st (total exposure time 37 ks). The estimated flux
within an df-axis angle of 12 deg from the center of the instru;,.5 7 2.1 2 mcrab €1.0x10" 2 erg cn12 s°1). The source was
ment field of view. We extracted the IBISGRI (Ubertini et al. nly n.warg.inally detectéd«(30-) in the 10-20 .keV energy band

2003;| Lebrun et al. 2003) mosaics in the 20-40 keV and 4&,-' h a count-rate of 0.170.06 cts s! and a flux of 52 mCrab
80 keV energy bands, while the JEM-X mosaics were eXtraCt@f{)rresponding t@4.6>.<1(T.11 erg cnt2 s°Y).

in the 3-10 keV and 10-20 keV energy bands (we used be-'\ye i not detect significant variability of the 3-10 keV

It?V\tl ‘]EMl'(Xé t?]s ta referetntgzle to lprowf[je altlhqu;]ntltatlvae]i;sulgource flux in the JEM-X data collected in all other revolatip
u (I:d %C ebt a gon:ﬁ%én/? ;g ues, to within the unc N putthe corresponding flux in the 10-20 keV energy band seemed
would be obtained wi ~X2). to decrease by a factor of at leas8. In the JEM-X mosaic

By checking the IBIASGRI mosaics of each revolution, wey iyt 1 ysing ‘data from revolution 1448 to 1470 (excluding
noticed that the source was never significantly detecte@mXxc, o, olution 1458), the source was detected with a countahte

for revolution 1458 which covers the period 2014 Septembglg7,.0 04 cts st (detection signifi ;
X ; .67+0. gnificance 19 in the 3-10 keV
21 at 19:02 UTC to September 24 at 03:24 UTC (total exP@'nergy band and we estimated & 8pper limit of 2 mCrab

sure time 158 ks). In this revolutlor], we es_'qmated from th@y the flux in the 10-20 keV energy band (total exposure time
IBIS/ISGRI mosaics a source detection significance o8 357 sy |n revolutions 1508 to 1533, the source was detected
E)h:ngo-‘lflr?ekgxreeggi)gg d?nzngoinrge&(:agutgterg'?e-?r? fﬁ:&ge;gnye% a count-rate of 0.700.04 cts s* (detection significance

: g’ ; in the 3-10 keV energy band and we estimatedraup-
bands was 0.860.10 cts s* and 0.54:0.07 ctsllsl, Wh'Chztr%qs' per %imit of 2 mCrab for theg)fllux in the 10-20 keV energy band
late into fluxes of 5.£0.7 mCrab £4.4<10" - erg cnt* Sé (total exposure time 372 ks). When data from all revolutiouis
and 7.2:0.9 mCrab £5.0<10°" erg cn1® s™), respectivelY. = 7458 are merged (see Fig. 1), the estimated source corinrat

In the IBISISGRI mosaic obtained during the first part of the,o 3_10 keV ener : 1 ; P
. ; . - gy range is 06@.03 cts 5+ (detection signifi-
outburst (revolutions 1448-1470), excluding revolutid®8, the .5 23.%) and the 3 upper limit for the flux in the 10-20 keV/

source was only marginally detected-&.60- in the 20-40keV o arqv band is 1 mCrab (total exposure time 738 ks).

energy range and7.0c in the 40-80 keV energy range. The Ggi\)//en the above res(ults, wep focused on the 3EM—X and
count-rate of the source was roughly 0.2 ctsis both energy |gop spectra extracted from the data collected duringl-sate
bands, corresponding to aflux 61.5 mCrab in the 20-40 keV ite revolution 1458. As the source was relatively faint and
energy band and2.5 mCrab in the 40-80 keV energy bange g rrounding region crowded, the JEM-X spectra were ex-
(ile.~1.2x10" “erg cm® s and~1.7x10""erg CnT* S, ré- 4o o with themosaic_spec tool from a mosaic with 8 en-
spectively). Given the relatively long cumulated exposime ergy bins (spanning the range 3-25 keV) in order to avoid

of the mosaic (1.4 Ms), several structures were detecteiyat I_iontamination from nearby sources. ISGRI spectra were ex-

nificances close or higher than that of IGR J17451-3022. iPLcted by using a 6 energy bins response matrix in the range

this reason, we cannot discriminate if the fluxes measumd fr .5 159 ev We ignored during the fit to these spectra the

the position of the source are genuine or simply due to ba nergy range 20-25 keV in JEM-X due to the lack of sig-
ground fluctuations arising in the crowded and complex ®9iQ,,| from the source and the first bin in ISGRI to avoid cali-
of the Galactic Center. We can certainly conclude that thﬁ'ovbration uncertainties. The combined JEMISGRI spectrum

all flux of the source during the first part of the outburst ie th & (2 ; ;

- could be well fit d.0.f=0.4/7) by using a simple absorp-
IBIS/ISGRI energy band was significantly Iow_er_than that Me%on power-law mggg/l (the absorz)tign colugmn dengity Wasd‘iF>)<e
sured during the revolution 1458 alone. A similar concluslot

applies to the IBIBSGRI mosaic extracted during the secon the best value determined from thdM-Newtondata, i.e.
_ 2 apn-2- ) _ _
part of the outburst, i.e. including data from revolutior08%0 4=5.610" cn'®, see Sec(l4). The best fit power-law pho

1533 (total exposure time 1.3 Ms). In this case the detecti%}%nthlgd;xzowiz\l;zég_i 1003 323) t\?vzsmf{g?{g %rgb;?fr? esqlﬂux

8.8x10 ' erg cn? s71). A fit with a single thermal component,

. . o . S or in Xspec, could not provide an acceptable
ing the most recent observations of the Crab (at the time ing} in BBODYRAD OF DISKBE SPEY P P

spacecraft revolution 1597. From these data we measurdtddtrab fit to the broad-band data(id/d.o.f.z7). The comblned JEM-

a count-rate of 139.4 ctssand 75.2 cts € from the IBISISGRI mo- X +ISGRI spectrum of IGR J17451-3022 is shown in Elg. 2.
saics in the 20-40 keV and 40-80 keV. The estimated cousttiatthe Due to the low signal-to-noise ratio, no meaningful ISGRI
JEM-X mosaics were of 111.6 cts'sand 29.6 cts§ in the energy Spectrum could be extracted for the source when all data but
band 3-10 keV and 10-20 keV, respectively. those in revolution 1458 were stacked together. The coorasp

1 The conversion from count-rate to mCrab was carried out by u
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all the events that fell within that region. The PC sourcentve
] were thus extracted either from an annuli with an outer diu
of 20 pixels and an inner radius determined from the sevefity
the pile-up, or within circular regions with a radius of 2&pi
els when pile-up was not present. Background events were ex-
tracted from nearby source-free regions. From each XRTrebse
E vation we extracted an averaged spectrum and the correisigond
barycentered lightcurve. The time resolution of the ligintes
was 1 s for data in WT mode and 2.5 s for data in PC mode. The
— ; T —— barycentric correction was applied by using teycorr tool.

10 1 E For the observations 025-028, a single spectrum was estract
g 0 F «L | | LL 1 | due to the low statistics of these data. All spectra weredinn
JE T | T‘* 1 to ensure at least 20 counts per energy bin and were fit in the

i 0.5-10keV energy range.
5 10 20 s 100 All XRT spectra could be well fit by using a simple absorbed
Energy (keV) disk blackbody modehgass* piskss in Xspec; see also Sedil 4).

Fig. 2. Combined JEM-X1 and ISGRI spectrum of IGR J17451Eits with a power-law model provided in most cases signifi-
3022 extracted from thél TEGRALdata in revolution 1458. The Cantly worst results. We report the best fit obtained in adlesa

best fit model is obtained by using an absorbed power-law ol TableCl. The XRT monitoring showed that the spectral eperg
(see text for details). The residuals from the fit are showthén distribution of the X-ray emission from IGR J17451-3022 was

bottom panel. roughly stable along the entire outburst. The absorptidmnen
density and the temperature of the thermal component megsur
by XRT remained always compatible (to within the uncertain-
ing JEM-X spectrum resulted in only 3 energy bins with a sigies) with the values obtained from the fit to tk&M-Newton
nificant flux measurement and thus discriminating between dilata (se€l4). We verified that fixing the XRT absorption column
ferent spectral models (i.e. a power-law rather than a thkernalensity to theXMM-Newtonvalue would result in acceptable
component) was not possible. The spectrum would be compfditis to all observations and negligible changes in the temyper
ble with both a power-law of photon indes3 or apiskes with  ture of the thermal component. We note that no XRT observa-
a temperature of1 keV. The 3-10 keV flux estimated from thetions were performed during (or Siciently close in time to)
spectral fit was-1.0x1071% erg cnt? s (not corrected for ab- the INTEGRALrevolution 1458, where a possible spectral state
sorption). transition of the source was observed (see $éct. 2).
Considering all the results of thdN\TEGRALanalysis to- Given the relatively low statistics of each XRT observa-
gether, we thus conclude that the spectral energy disimitbuttion, we did not perform a detailed timing analysis of theadat
measured during the first detectable outburst of IGR J17458iewever, we show in Fid.]3 the total outburst lightcurve af th
3022 remained generally soft and hardly detected abosgurce as observed by XRT from the onset of the event down
~10 keV. There are, however, indications that the source migb the return in quiescence. We marked on this figure the time
have undergone a spectral state transition duringNAEGRAL intervals corresponding to the coverage providetNbofEGRAL
revolution 1458, where a significant detection above 20 ke wand the time of the ToO observation carried ouXdyM-Newton
recorded. (see Sectl4).
Finally, we also extracted the JEM-X1 and JEM-X2
lightcurves with a time resolution of 2 s to search for type-I
ray bursts. However, we did not find any significant detection 4. XMM-Newton data

The XMM-Newton (Jansen et al. 2001) ToO observation of

3. Swift data IGRJ17451-3022 was performed on 2015 March 06 for a to-

) o tal exposure time of 40 ks. The EPIC-pn was operated in timing
Swift/XRT (Burrows etal.| 2005) periodically observed thenode, the MOS2 in full frame, and the MOS1 in small window.
source Starting close to its initial detection, until it éadinto We reduced these data by using the SAS version 14.0 and the
quiescience 9 months later (i.e. from 2014 August 5 to 201&est XMM-Newtoncalibrations files availatfie(XMM-CCF-
June 6). Observations in the period 2014 November to 20RE| -329; see als6 Pintore efl al. 2014). The observation was
early February were not available due to the satellite Sum cas|ightly affected by intervals of high flaring background and thus
straints. A log of all available XRT observations is repdrte e filtered out these intervals following the SAS online tife
Tablell. ) ) o The final éfective exposure time for the three EPIC cameras was

XRT data were collected in both windowed-timing (WT)g ks,
and photon-counting (PC) mode and analyzed by using stan- e first extracted the EPIC-pn lightcurve of the source in
dard procedures and the FTOOLS software (v6.16). The XRfe energy range 0.5-12 keV from CCD columns 28-46. The
data were processed with therpipeLine (v.0.13.1) and the lat- corresponding background lightcurve was extracted bygusin
est calibration files available (20140730). The WT data wegglumns 3-10. The background-subtracted EPIC-pn lighteur
never dfected by pile-up, therefore WT source events were eyf |GR J17451-3022 with a time bin of 50 s is shown in Fig. 4
tracted from circular regions of 20 pixels (1 pixel 2.36”). (we also used thericLccorr tool to correct the lightcurves for
On the contrary, when required, the PC data were corrected iy relevant instrumentatfect). The source displayed an aver-

pile-up by adopting standard procedures (Vaughanlet ak;20@ge count-rate of 16 cts’s two X-ray eclipses and the presence
Romano et al. 2006). In particular, we determined the sizbef

affected core of the point spread function (PSF) by comparing |http//xmmz2.esac.esa.jleixternal xmm_sw_caj/calityindex.shtmi|
the observed and nominal PSF, and excluded from the analystshttp;/xmm.esac.esa.ifsagcurrentdocumentatiofthreads

normalized countsskeV-!
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Table 1.Log of all SwWiftXRT observations use in this work. For each observation e@r@port the results of the spectral fit obtained
by using an absorbesskes model (see Sedt] 3 afd 4). All uncertainties are given at 90% c

Sequence Obslode  Start time (UT) End time (UT) Exposure Ny KTdiskbb Niskbb Fos__10kev? szed/d.o.f.
(uTC) (uTC) (s) 162cm?)  (keV) (10%ergcm? s7Y)

00037734002 XRIPC 2014-09-05 15:28:19  2014-09-05 18:48:54 1655 +@.6 1.6:0.1 116391 0.79°99¢ 1.1§35
00037734003 XRIPC 2014-09-09 10:03:10  2014-09-09 10:35:53 1963 o7 1.2+0.1 8.958 1.06'597 0.8651
00037734005  XRPC  2014-09-10 02:15:12  2014-09-10 12:09:56 1730 w037 1.1x0.1 9.0%1 0.69998 0.8331
00037734006 XRWT 2014-09-10 18:32:26 2014-09-10 23:03:06 1980 +8.3 1.4:0.1 3.6:%‘2) 0.90:8:82 0.7994
00037734007  XRMWT  2014-09-11 16:50:33  2014-09-11 18:43:31 1992 +54 11%0.06 13.03]  1.20%%3 1.03147
00037734008 XRIPC 2014-09-15 06:45:57  2014-09-15 08:25:08 955 +6.0 1.2:0.2 115130 1.44:013 0.8029
00037734010  XRPC  2014-09-19 15:05:26 ~ 2014-09-19 15:22:54 1028 87 1.0£0.2 424712 15004 0.8018
00037734013 XRIPC 2014-09-25 00:28:07  2014-09-25 00:44:55 1008 +8.0 2.0%0 0.3%3 0.339% 0.4413
00033439001  XRMT  2014-09-2514:48:06  2014-09-25 15:00:13 724 0.7 1.5:0.2 2.5%2 1.1899 1.1851
00033439003  XRPC  2014-09-29 09:49:40 ~ 2014-09-29 10:06:56 ~ 1020 +6.6 1.3:0.2 9.798 1.63912 0.9938
00033439004  XRPC  2014-10-03 05:08:51  2014-10-03 10:03:54 1111 +6.3 1.4:0.2 4852 1.36°912 0.4625
00033439007 XRWT 2014-10-09 01:55:37  2014-10-09 02:10:57 904 34 1730 0.538 0.36'397 0.618
00033439008 ~ XRMT  2014-10-12 08:06:00 ~ 2014-10-12 08:25:58 1172 B0 1.4:0.2 8.489 2.0591 0.9354
00033439009 XRWT 2014-10-15 00:07:46  2014-10-15 00:23:29 936 +0.5 1.2:0.1 15.6%% 1.82507 0.98100
00033439010 ~ XRMWT  2014-10-18 04:47:25  2014-10-18 05:03:58 971 floY:) 1.2:0.1 12.387 157997 1.1187
00033439011  XRMWT  2014-10-2113:03:02  2014-10-21 13:19:58 1005 6.6 1.00.07 22.63°  1.709% 1.09104
00033439012  XRWT  2014-10-24 11:02:12  2014-10-24 11:18:57 999 ok 1.:0.1 17.41°  1.369% 0.9389
00033439014 XRIPC 2015-02-03 05:16:37  2015-02-03 06:51:54 1991 +6.8 1.4:0.2 5335 1.78512 1.3Y56
00033439015  XRMVT  2015-02-17 19:00:34  2015-02-17 19:18:58 1100 +0.9 1.40.1 6.445 1.42:998 1.4984
00033439016 ~ XRMWT  2015-03-03 21:34:47  2015-03-03 21:52:57 1079 6.8 1.3:0.1 9.744 1.84:098 1.17113
00033439017  XRWT  2015-03-17 13:01:51  2015-03-17 13:13:58 706 0.0 1.6:0.1 23458 1.3179%8 1.261
00033439018  XRMWT  2015-03-30 14:02:44  2015-03-30 14:17:57 901 0.5 1.:0.1 12.4%9 134397 1.0982
00033439020 XRIPC 2015-04-24 00:03:17  2015-04-24 03:26:56 1504 +5.3 1.:0.2 6.73%° 053932 0.9020
00033439021  XRIPC  2015-04-2404:36:39  2015-04-24 05:04:54 1675 Hga 1.6'9 0.3%7 0.19:592 1.2¥13
00033439022 XRIPC 2015-04-24 08:03:36  2015-04-24 08:24:54 1269 +1.8 1.:0.1 8.67¢ 0.81:39 1.0¥35
00033439023  XRWT  2015-05-09 08:53:36  2015-05-09 09:07:57 839 #D 0.86:0.1  20.72I8  0.483% 1.2233
00033439025 XRT/PC ~ 2015-05-18 22:35:51  2015-05-18 23:09:04 1986 +8.6 1.6:0.1 0.98%  0.04623% 1.22244
00033439026  XRT/PC 2015-05-23 11:10:38 2015-05-23 13:16:56 697 — — — — —
00033439027  XRT/PC 2015-05-30 09:24:15  2015-05-30 11:00:54 980 — — — — —
00033439028  XRT/PC 2015-06-06 10:53:18  2015-06-06 18:58:55 1667 — — — — —

a: Observed flux in units of 13° erg cn? s~ (not corrected for absorption)

from the fits to the merged observations is reported on thecaovesponding to the observation ID. 00033439025.

IGRJ17451-3022

FluX o 510 ey (10 €rg CMi2 5°2)
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I
2x10

: We merged data from observations 00033439025 to 0003248398 in all these cases the statistics was too low to catrgeparated meaningful spectral fits. The results obtained

of dips at the beginning of the observation and between tbe tw
eclipses. Given the source count-rate, both MOS1 and MOS2
data stfered from significant pile-up. This was corrected by fol-
lowing the SAS online threads. The RGS spectra were characte
ized by a low statistics, due to the significant extinctiororeled

in the direction of the source (see later in this section).thives
used the RGS and the MOS data only to check consistency with
the results obtained from the analysis of the EPIC-pn datajd

not discuss them in details. A fit of all data together reve éhe
presence of instrumental residuals in the EPIC-pn belowd\7
(see Figlh). This issue has been reported in several pagias u
the EPIC-pn in timing mode and thus we restricted our spectra
analysis to the 1.7-12 keV energy range (see, le.g., Piraialo e
2012;/ Pintore et al. 201%; D'Ai et al. 2015; Boirin et al. 200

for a similar issue with EPIC-pn residuals below 1.7 keV). We
barycentered the EPIC-pn data before carrying out any gmin
analysis.

Fig. 3. Swift/XRT lightcurve of the entire outburst recorded from
IGRJ17451-3022. The flux is not corrected for absorptior

start time of the lightcurve €0) is 2014 September 5 at 15:3

(UTC). We also show in the plot the coverage provided
INTEGRAL(see Seck]2) and the flux measureddyM-Newton

(see Secil4).

Th

7'4.1. The X-ray eclipses

t\X/e used the detection of two consecutive eclipses in the
0.5-12 keV EPIC-pn lightcurve of the source to determine
the system orbital period (we used a time bin of 20 s and
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(red), RGS1 (blue), and RGS2 (cyan) average spectra extract

from the XMM-Newtonobservation of IGR J17451-3022. The

1 model used to preliminary fit the data here is an absorbed disk

] blackbody model1gass*piskBB in Xspec). The residuals from

] the fit in the bottom panel show the instrumental excess in the

* ] EPIC-pn data below 1.7 keV (beside the many absorption fea-
J 1 tures, see also Fi@] 7). For this reason, we only used EPIC-pn

] data in the energy range 1.7-12 keV for further analysis.
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! reported previously by Jaisawal et al. (2015).
Fig. 4. Upper figure EPIC-pn lightcurve of IGR J17451-3022

(0.5-12 keV). The start time of the lightcurve=Q) is 2015 ]
March 6 at 6:26 (UTC). The bin time is 50 s for display pur-2. The spectral analysis
poses. Time intervals with no data are due to the filtering
the high flaring backgrounddottom figure a zoom of the first
eclipse (time bin 10 s). The apparenffdient count-rate at the
bottom of the eclipse between this and the upper figure isau
the diferent time binning.

W/e first extracted the source spectrum during the steadyopart
the XMM-Newtonobservationi.e filtering out the time intervals
corresponding to the dips and the eclipses (the resultbaeg-
eptosure time is 16.8 ks). This spectrum showed a curved shape
that could be described by using a thermal component typical
of an accretion diskofskss in Xspec). We accounted for the ab-
verified a posteriori that a fferent choices of the time binningsorption column density in the direction of the source bygsi
would not significantly &ect the results). As the eclipses ok teass component with Solar abundances. Although this model
IGRJ17451-3022 are virtually rectangular (see Eig. 4), a &buld describe the continuum reasonably well, the fit was far
to each of the two eclipses was carried out using the safiem being acceptablecf,/d.0.f=15.94138) due to the pres-
technique described by Bozzo et al. (2007) in the case of tBace of several absorption features. For completeness,ane m
eclipsing LMXB 4U 2129-47. The model we developed to fittion that a fit with an absorbed power-laws{ss* pow in XspEc)
rectangular eclipses treats the mean source count-rasedeutwould give a significantly worse fif, /d.0.f=69.75138). We
(Fmax) and inside Emin) the eclipse as free parameters, togethehow in Fig[7 the ratio between the data and the model when
with the mid-eclipse epochT() and the duration of the eclipsethe fit is carried out by using thesass* piskes model.

(D). We performed a minimization of the obtaingtivalue from In order to improve the fit, we first included a number of
the fit to the data by using our dedicated IDL routine. The nhodghsorption Gaussian linesa{issian in Xspec) to account for all
was integrated over each time bin before computingythen visible features in the residuals, and then included a betad
order to take data binning into account. The routine santpkes sorption featuredas in Xspec) to take into account the deepest
x? hyper-surface in a fine grid of values before computing thgructure aroung9 keV (see Fig.J7). We fixed to zero the widths
variance between the model and the data for each set of parghe lines that could not be constrained after a prelinyiriiar
eters. The latter is then used to determine the Igéahinima and left this parameter free to vary in all other cases. This p

in the 4D parameter space. The best fits to the two mid-eclipgémenological fit was used to identify the lines that coroesp
epochs were found to b&(a)=57087.323280.00001 MJD o known atomic transitions and guide further analysis. s
and To(b)=57087.58501160.00001 MJD. The corre- g|| the results in TablE]2, together with the identificatidrtte
sponding eclipse durations werB(a)=821.897%2 s and |ines. We marked with "?” the identifications of the two lirets
D(b)=822.66357 s. We show the relevant contour plots for thé.7 and 6.1 keV for which we did not find any other mention in
fits to the two eclipses in Fi§l] 6. From these measurements, thie literature of LMXBs and that we thus consider as tengativ
estimated the orbital period of the systerTFaa)=22620.5_ig S associations.
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Table 2. Results of the fit to the “steady” emission from IGR J17452Bfecorded fronKMM-Newton(i.e., excluding the time
intervals of the dips and the eclipses). The phenomendabgiodel used here comprisesiskse component, plus the absorptionin
the direction of the sourceass in Xspec) and all the required Gaussian absorption lines to takeaotount the residuals visible
in Fig.[d. We also report the results of the fits carried oubwlie same model on the time resolved spectra extracted lojrdjthe
steady emission in 5 time intervals. The latter are indit&dhe first row of the table in ks from the beginning of the etyation
(see the lightcurve in Fifl] 4EW indicates the equivalent width of each Gaussian line. Alartainties are given at 90% c.l.

Parameter Value Identified line
(units) Steady emission Dataset a Dataset b Dataset ¢ Dataset d Datbs (rest energy)
Time interval (ks) 2.05-3.75 8.85-12.95 15.45-17.05 28.45-34.14 35.15538.6
Ny (10P%cm2) 5.6:33 56+0.2 55+ 0.2 51+0.2 59+0.1 5892
E; (keV) 2.01+3%2 - - - - 204+ 0.03 Si XIV (2.005 keV)
o1 (keV) 0.0f - - - - o
EW, (keV) -0.036'3922 - - - - -0.028= 0.010
E; (keV) 2.52:30% 2.6631% 252+ 0.05 - 2561398 2.57+3%8 S XVI (2.62 keV)
o2 (keV) 0.25:39Z 0.24 0.0t - 0.18+920 0.19:34%
EW, (keV) -0.09:383 -0.09+384 -0.020+393%3 - -0.054+3924 -0.075+3%37
Es (keV) 3.26:3%8 3.34+0.06 326+ 0.05 - 326+ 0.09 326+ 0.06 Ar XVIII (3.32 keV)
o3 (keV) 0.22339 0.0t 0.0t - 016334 0.18:391
EW; (keV) -0.06398 -0.0153819  -0.015=+ 0.006 - -0.026:3922 -0.055333¢
Es (keV) 4.03+3%3 - 4.08:338 - 4.04x0.05 406382 Ca XX (4.100 keV)
o4 (keV) 0.153%5 - 0.0 - 0.12:3%¢ 0.0t
EW, (keV) -0.040+3932 - -0.011+ 0.007 - -0.028+ 0016  -0.020'33%3
Es (keV) 4831 - - - - 48192 K XIX (4.797 keV)
os (keV) 0.24’:8:33 - - - - 02f8:§
EW (keV) -0.023:338 - - - - -0.020=+ 0.018
Es (keV) 5.71:3%2 - 573+ 0.04 572+ 0.05 574993 - Cr XXIIl ? (5.681 keV)
o6 (keV) 0.0f - 0.0° 0.0t 0.0f -
EWs (keV) -0.02439%8 - -0.034+ 0012 -0.04+002  -0.029:33%9 -
E (keV) 6.13:988 - 6.10°38% 6.04:998 6.187382 6.26'92 Mn XXV 2 (6.130 keV)
o7 (keV) 0.16:331 - 0.0 0.0f 0.0f 0.0t
EW (keV) -0.047:3937 - -0.052:3 814 -0.030:3318 -0.031:3%12  -0.029+0.015
Es (keV) 6.72+0.01 674938 6.78+ 0.03 673+ 0.04 6683930 6.72+0.03 Ka Fe XXV (6.70 keV)
g (keV) 0.0f 0.24+314 0.19:883 0.0' 0.07 0.0f
EWg (keV) -0.14+0.03 -0.19+ 006  -0.24+0.04 -0.10+332 -0.12+0.02 -0.11+0.02
Ey (keV) 7.00+0.03 - - - 694+ 0.03 699353 Ka Fe XXVI (6.97 keV)
g (keV) 0.0f - - - [olog 0.0t
EW, (keV) -0.08= 0.02 - - - -0.11+0.02 -0.068338
E1o (keV) 7.86:3%3 7.87:3%¢ 7.87+00% 7.89+ 0.06 787+ 0.07 - KB Fe XXV (7.88 keV)
10 (KeV) 0.0f 0.0t 0.0t 0.0f 0.0f -
EWio (keV) -0.092:3312 -0.13+398 -0.11+ 0.04 -0.11:3%4  -0.068+ 0.033 -
Egans (keV) 9534 9.2143 9.6'93 o7 9.3:92 o7
T gabs (keV) 0893 0693 0843 21498 07+02 10£01
Sgabs 3.04% 2.2+38 2.9+99 6.33] 2491 35+038
KTgiskbb (keV) 1.27+8%% 1.32:393 1.38+0.04 17:33 1.27+0.03 124+ 0.03
Niskbb 9.9+405 78+15 64413 3014 9.916 11033
Fos._1oeyv (1010 24) 15639953 155992 1691 1693 15584 1.55+004
X2/ (d.o.f) 1.41 (101) 109 (100) 142 (93) 108 (98) 107 (101) 114 (98)
Exposure time (s) 16780 1675 3654 1580 5418 3456

T parameter frozen in the fit.
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Table 3.Same as Tablg 2 but for the orbital phase resolved spectiblsas1 We repeated here the first column in order to fatdlita
the comparison between the results of the averaged steadgiemand those obtained from the phase resolved spentbisis.
We excluded from the orbital phase resolved spectral aisallye phases corresponding to the eclipses and the dipsefdeier

details).
Parameter Value

(units) Steady emission  Phas@0-0.2 Phase0.2-04 Phase0.4- 0.6
Ny (10%%cm2) 5693 56+0.1 55+0.2 5532
E; (keV) 2.01+3%2 2.073%2 2.09:3% 2.00:3%
o1 (keV) 0.0f 0.0f 0.0t 0.0t
EW, (keV) -0.036:3822 -0.014=+ 0.08 -0.016:33%  -0.026=+0.008
Ez (keV) 2.52+003 252+ 0.06 254003 2.4+32
o2 (keV) 0.2533Z 0.18:3%8 0.12:3% 05133
EW, (keV) -0.09:3%3 -0.048+ 0015  -0.047+0.013 -0.17:941
Es (keV) 3.26:3% - 321+0.06 337:3%
o3 (keV) 0.22+339 - 021314 0.0
EW; (keV) -0.06:398 - -0.050°3923 -0.011+ 0.06
Es (keV) 40338 40697 4.08:38% 404382
o4 (keV) 015983 0.0f 0.0" 0.0f
EW, (keV) -0.040+33% -0.012+ 005  -0.014+007  -0.017+0.007
Es (keV) 4831 - - -
o5 (keV) 0.24+348 - - -
EWs (keV) -0.023:982 - - -
Es (keV) 5.71+392 567+ 0.04 578393 5.92+ 0.06
o6 (keV) 0.0t 0.0f 0.0t 0.0t
EWs (keV) -0.024'3338 -0.021=+ 0.08 -0.029:338  -0.022+0.010
E; (keV) 6.13:39%2 6.20+ 0.06 618+ 0.04 -
o7 (keV) 0.16°33} 0.0° 0.0" -
EW; (keV) -0.047+3927 -0.022+0012  -0.032:334 -
Es (keV) 6.72+0.01 668+ 0.02 671+0.02 673393
g (keV) 0.0f 0.0f 0.0t 0.0t
EW (keV) -0.14+0.03 -0.12+0.02 -0.11+3% -0.11+0.02
Eg (keV) 7.00+0.03 696+ 0.03 69939 6.99:3.0¢
g (keV) 0.0t 0.0f 0.0t 0.0t
EW, (keV) -0.08+0.02 -0.11+0.02 -011+ 002  -0.064=x 0.022
E1o (keV) 7.86:3%2 7.86+0.05 789+ 0.04 7.85:3%
010 (keV) 0.0t 0.0f 0.0t 0.0t
EWo (keV) -0.092+9919 -0.075'3923 -0.10+0.03 -0.11+0.03
Egabs (keV) 95+0.2 9.4'33 9.6'33 9.6'33
0 gabs (keV) 0.8:33 09+02 07433 0.7+95
Sgabs 3033 3158 339p 33
KTaiskbb(keV) 1.253% 1.32+0.02 126:3%3 1.26+0.03
Niskbb 9.9+405 7.3+06 102+12 102+12
Fos_1ocev (10703) 1.5633993 143+ 0.01 155+393 155+ 0.03
X2/v(d.of) 1.41(101) 127 (104) 134 (103) 134 (103)
Exposure time (s) 16780 6564 6478 4943

T parameter frozen in the fit.

We checked for possible spectral variations by carryinggoutesolved spectral analysis are reported in Table 2. Thdtsesu
time-resolved spectral analysis of tiMIM-Newtordata, as well obtained from the orbital phase resolved spectral anafyss
as an orbital-phase resolved analysis. The results of the-ti reported in Tabl€]3. In both cases we could not find evidence
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Fig. 6. Contour plots of the two eclipses durations and mid- Phase

epochs obtained by fitting the rectangular eclipse modehéo t_.

data. The &, 20, and 3 t d the best determinef!d- 8- EPIC-pn lightcurve of IGR J17451-3022 folded on the
vgll?es a?e indicataér(]j. contoulrs around the best de ermlnegest orbital period determined in this woilR,,=22620.5%9 s

(see Sect[4]1). The upper (middle) panel shows the folded
source lightcurve in the soft (hard) X-ray energy band, attile
bottom panel shows the HR (i.e. the ratio of the source coatet-

of significant spectral variability. We also noticed thaliog in the hard, 2.512 keV, and soft, 0.52.5 keV, energy bands).
to the reduced statistics of these spectra, obtaining mghuii

fits in the 6-8 keV range was particularly challenging duehi t
blending of several lines.

The spectral analysis of the X-ray dips was carried out sep-
arately, as the hardness ratio (HR) calculated from the(8dt
2.5keV) and hard (2.5-12.0 keV) X-ray lightcurves of thers®u 3| and the additional ionized absorber. This is discussere
as a function of the orbital phase provided clear evidence f@ sect[Z2711.
spectral variability during these events (see Hig. 8). Wraeted ,
orbital phase resolved spectra during phases corresppialin e also extracted the source spectrum during the two
the HR variations: 0.61-0.65, 0.65-0.68, 0.68-0.75, WA, eclipses. Since in this case the source flux was significantly
and 0.82-0.85. In all cases a reasonable gooq/ﬁ;j:(o.g-l.Z) lower, we also made use of the spectra ex_tracted from the
could be obtained with an absorbeskes model. Owing to the W0 MOS cameras and fit them together with the EPIC-pn
poor statistics of these spectra (integration times of feywke (the integration time was too short to obtain meaningful
could not measure significant changes in the temperature SRgctra from the two RGSs and thus we did not include these
radius of thepiskss component, neither in the absorption col9&t@ in the combined fit). The spectrum could 2be ?gually
umn density. Furthermore, several absorption lines appeas Well fit with an absorbeciskes (N2H=(5-3i0-6)><102 cm=,
blended and thus we were unable to constrain within a reas§=1-170.09, Naiskor=0.8+0.4, x7./d.0.f=0.9298) or a
able accuracy their parameters in the fits. In order to glaripower-law model K=(8.8£0.9x1022 cm?, TI'=3.9:0.3,
the origin of the HR increase close to the dips (as visible if./d-0.f=0.9898). The measured 0.5-10 keV X-ray flux was
Fig.[8), we extracted a single spectrum by combining orbit@l5x10-*?erg cnt? s1. We introduced in the fit inter-calibration
phases between 0.65 and 0.82. This spectrum revealed atmodesstants between the three instruments and found them to be
(but significant) increase in the column density of both the-n compatible with unity (to within the uncertainties).
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4.2.1. A physical spectral model

The spectral properties of the source analyzed in §edttat+.2,

Table 4.Spectral parameters obtained from the fit of the physical
model in Sec{_Z4.211 to the averaged and dip EPIC-pn spettra o
IGRJ17451-3022 (see text for details). The model #neX is

gether with the characteristics of the lightcurve discdsBe Tpaps* caBs* EDGE* WARMABS* (GAUSSIAN+GAUSSIAN-+DISKBB). Here,

Sect[4.1, are strongly reminiscent of high inclination LB

N{2™ is the column density of the warm absorbing material,

with absorbingputflowing material located above the accretiofog() its ionization statusy its turbulent velocity broadening,
disk (see SecLl5). In order to provide a more physical descriy the bulk velocity shift, andEW the equivalent width of the

tion of the spectral energy distribution of IGR J17451-3022
made use of a model comprisingpgkss component which is

Gaussian lines. The abundance dfalient elements is indicated
as a fraction of the corresponding Solar value.

affected by both the Galactic absorption and a local “warm”

absorber armad] in Xspec). This model takes into account Parameter Value

the ionization status of the gas, its turbulent broadengigor (units) Steady emission  Dips

ity, its bulk velocity (through the measurement of redsdfor

blueshifted lines), and the abundance of thigedént materials TBABS

with respect to Solar values. Following the identificatidis@v- Ny (10P%cm®) 5427838 5.86/3%3

eral absorption lines in Se¢f._4.2, we left free to vary in fihe

the abundances corresponding to Si, S, Ar, Ca, Mn, K, and Fe. EDGE

A caBs component, accounting for Compton scattering (not in- Eedge (keV) 8.14:563 8.14

cluded inwarmass), was also added to the fit. We fixed the col- T 04535 0.44

umn density of this component to be the same ofwhaesmags

multiplied by a factor of 1.21 to take roughly into accourg th N e | 11390 16059

number of electrons per hydrogen atom (in case of Solar abun- o © Eer frrnngf) 4032:3303 3207-3308

dances; see, elg. Diaz Trigo et al. 2014, and referencesirthe Sig'f 9 o s

We changed the default ionizing continuumwviarmass, that is s 0581019 aori0

a power-law of photon indek=2, with a blackbody ionizing Ar 114037 0.0:04

continuum with k1.2 keV. Even though the source might un- ca 11793 0.4:08

dergo some spectral state transitions characterized by theo K ot o

mal power-law like component, this does not seem the case for cr 0.77:9%3 0.3753

most of the outburst (see Sect. 2). As it is not possible to se- Mn 057958 10728

lect apiskBB COMponent as a ionizing continuum in termaBs Fe 174914 1493

model, we considered that the available blackbody contmuu oy (kms1) 29039 29542

with a similar temperature was a reasonably good approiomat v(kms™) 2231, 16159

in the case of IGR J17451-3022 (as also done in other sources,

see e.d. Diaz Trigo & Boirin 2013). We also assumetf o3 Gaussian

for the ionized medium density, a value typically used in LB& Es (keV) 6.207383 6.20

(see, e.gl, Diaz Trigo etlal. 2014). The drop in the sourcayX- 76 (keV) o of

emission at energies9 keV that required the addition ofcass EV (keV) -0.020:33%3 ~0.015'399

component in the phenomenological model was completely ac-

counted for by the addition of thearmass model. We included Gaussia w002 )

in the fit an additional edge ai8.2 keV to minimize the residu- 5’ g:za 3;71*"303 3,171
Al . . X .

z_ils st|II_V|S|bIe ar_ound thl_s energy and two absorption Gars EW (keV) 0.01%0.007 0017988

lines with centroid energies 6f5.7 keV and~6.1 keV. The lat-

ter improved the fit to the Cr and Mn lines, which were not fully JiskBB

taken into account by thearmass component. This model pro- KTsekeV) 125299 1.2150.01

vided an acceptable result (see Tdlle 4). The residualfsdet Naision 1149;%% 126414

this fit did not suggest the presence of additional spectmai-c ' '

ponents, even though some structures remained visible tos Fos 1orey 1564903 117:992

the iron lines at 6.7-7.0 keV (see Fig. 9). Such structureghini (Unabsorbed flid f| (5.6) 5.3)

result from a non-optimal description of the complex absarb ¥2/v(d.o.d 1.32 (121) 099 (107)

medium in IGR J17451-3022 through thermass model, e.g.
due to the presence offtirent broadening or outflowing veloc-
ities.

We used the best fit model also to characterize the spectr
extracted during the orbital phases corresponding to {heatid

the most evident HR variations (0.65-0.72 and 0.72-0.88, se

T parameter frozen in the fit. " the fit turned

out to be insensitive to gliciently small values

of this parameter. Therefore, we fixed it to zero.
um 71 Absorbed and unabsorbed fluxes are given
in units of 101° erg cnr? s in the 0.5-10 keV
energy range estimated fromspkc by setting
the tBaBs andwarmass absorption column den-

Sect[4.P). This allowed a more physical comparison between
the average emission of the source and the emission duréng th
dips. Owing to the reduced statistics of the dip spectrum, we
fixed in the fit those parameters that could not be constramed
the values determined from the average spectrum. The sexult
this fit, summarized in Tablg 4, suggest that the dips arédylike

sities to zero.

caused by a moderate (but significant) increase in the column
4 httpy/heasarc.gsfc.nasa.grstaydocghtml/node102.html density of the neutral and ionized absorber close to thecsour
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In order to increase the speed of the power spectrum calcula-
tion, we considered a value of the interval length equal to a

T power of two of the time resolution of the time serid$es; =

< 226t,.s = 1981, and divided the time series iy, = 20 in-

2 tervals. Before performing a signal search, the arrivaksmof

2 the X-ray photons in each of these intervals were corrected u

2 ing a quadratic relatioti = t?. The parameter was varied in

< steps equal téa = 1/(2nyAt2. ) = 6 x 107'!s™1, into a range

2 determined by consideration on the possible size of the two
components. Calculating the expression given_by Wood et al.

5 (1991) for Poy = 6.28 hr, we considere@max = @min =

2 1.54 x 107'[M2/(M1 + M2)][(M1 + M2)/Mo]¥3s7. Assuming

2 as example valuelsl; = 1.7Mg, andM, = 0.3M,, we obtained

& Umax = @min = 2.9 x 108 s. The number of preliminary ar-

g rival times correction made on each of tNg,, = 20 time in-

Energy (keV) tervals, is therN, = 2amax/da = 967. A power spectrum was

Fig. 9. Best fit to the average EPIC-pn spectrum of the steaB?Oduced for each of t@?se trial corrections, inspectiaguen-
emission from IGR J17451-3022 (excluding the time integva$€S UP tovny = (8led™/2 = 2117 Hz with a resolution of
corresponding to the eclipses and the dips) with the physi€a = 1/Atbest = 1/(2%6tied) = 5x 10™* Hz, giving a total num-
model described in Se€L4.2.1. We show here the unfoldex sper of frequencies trials equal i, = vny/dv = 2%, The total

trum. The residuals from the fit are shown in the bottom panehumber of trials is theminw N, N, = 8.1 x 10*, and assuming

that in the absence of any signal the noise in the power spactr
o ) is distributed as &> with two degrees of freedom, we then set a

4.3. Timing analysis post-trial detection level at@3confidence level oPge; = 62.1.

We also performed a timing analysis of the EPIC-pn data B Signal was significantly detected and upper limits=05%
search for coherent signals. We first reported all photons &< C:l-) were typically found in the dierent time intervals.
rival times to the Solar system barycentre using the Chandra

position of the source (see Sefi. 1). The orbital motion of _

the compact object limits the length of the time series ov&r Discussion

which a search for periodicities can be performed witholt taWe reported on the analysis of the X-ray data collected durin
ing into account the Doppler shift induced by the motion @& th firspt outburst of thdal\lTyEGRALtransien{ IGR J17451-3022
source. To evaluate such a time interval we calculated Eq. : ; e -
of Johnston & Kulkarnil(1991) for an orbital period &, = e source displayed a relatively soft X-ray emission dyrin
6.28 hr and an inclination~ 80° obtaining: most _of the event (lasting about 9 mon;hs) and thus it was not
' significantly detected by the hard X-ray imager IBEGRI on-
voo\Y2(a\Y2 M, PP boardINTEGRAL The only exception is the time interval corre-
At o= 4486(mz) (ﬁ) (0 M ) (1) sponding to the satellite revolution 1458 where the sounciet
e went a possible spectral state transition and its X-ray sions
Assuming the case of a signal with a putative frequency ¥f@s recorded up te100 keV. During théNTEGRALrevolution
v = 300 Hz, described byn = 1 harmonic and emitted by an1458, the spectrum of the source could be well described by us
object orbiting around M, ~ 0.3M,, companion star (Zdziarski ing a relatively hard power-law, with a photon indexIof- 2.
et al. 2016, in preparation), we then calculated a Fouriergpo During all the remaining outburst phases coveretNohEGRAL
spectrum in intervals of lengthtyes;= 4486 s. The time series the source was only significantly detected in by JEM-X at en-
was sampled at eight times the minimum time resolution of t§égies<10 keV. The average JEM-X spectrum, however, was
timing mode of the EPIC-prt{s = 2.952x 1075 s), obtaining characterized by a low statistics and did not permit a clésr d
a value of the Nyquist frequencyyy = (8tred1/2 = 2117 Hz. tinction between dferent possible spectral models. The JEM-X
We then inspected frequencies up/g (with a frequency reso- data showed_, neverthele_ss, that the X-ray flux of the sowrce r
lution of 6v = 1/At;,, = 2.2 x 10-% Hz) to search for a coherentMained relatively stable in the 3-10 keV energy band and com-
periodic signal, but found none significant with an upperitimP&tible with that recorded b§wift/XRT before the beginning of
on the pulse amplitude @ < 125% (37 c.l.). the outburst decay. _

In order to improve the sensitivity to pulsed signals emit- 1he Swift/XRT observations covered a large part of the
ted by a source in a binary system, we used a quadratic §8Urce outburst, excluding the time period 2014 November to
herence recovery technique (QCRT), following the guidsdin 2015 February when the visibility of the Galactic center firas
given by[Wood et a1.[(1991) and Vaughan €t al. (1994). Sucttgd by Sun constraints. XRT data did not reveal any dramatic
technique is based on the correction of the photon arriwedsi SPectral change in the X-ray emission from the source during
with a quadratic transformation, under the assumptionttheat the outburst. Its spectrum was dominated by a thermal compo-
sinusoidal Doppler modulation introduced by the orbital-md'ent, interpreted as being due to the presence of an actretio
tion can be approximated by a parabola over a time intenffK- The hard X-ray emission recorded during INFEGRAL
short enough. To estimate such a length we calculated Eqf, 22@y0lution 1458 could thus have been due to a temporary spec-

Johnston & Kulkarni((1991) for the same parameters mention@l state transition of the source, similarly to what iseafob-
above: served during the outbursts of neutron star (NS) and blad&-h

U 15 (BH) LMXBs (see, e.gl) _Done etal. 2007; Muhoz-Darias et al.
y U3 [a\Y My \ 5 2014, for recent reviews). Due to the lack of a simultaneaws c
300 Hz) m 0.3M, s (@ erage with focusing X-ray instruments during tthNTEGRAL

Atposi = 1636(

10



E. Bozzo et al.: IGR J17451-3022: a dipping and eclipsingrttass X-ray binary

revolution 1458 and the availability of spectra withffstiently minosity Lx > 0.15Lgqq (here Lgqq is the Eddington lumi-
high statistics we could not investigate this possible spéstate nosity for an accreting NS; see, e.g., Pontietal. 2012, |2014
transition in more details. 2015, and references therein). The X-ray luminosity edticha
The same spectral component that dominated all XRT spémm the unabsorbedMM-Newtorflux of IGR J17451-3022 is
tra was also detected in thVIM-Newtonobservation of the Lx ~ 4.3 x 10°%(D/8 kpg)? erg s?, i.e about 2% of the typical
source carried outin 2015 March. The EPIC data clearly sdowEddington luminosity for a NS and a relatively low lumingsit
the presence of a number of absorption features, the magravi for a Galactic BH in the HSS (see, e.g. Done et al. 2007, for a
ones being centered at the known energies of the Fe /RKV recentreview). This suggests that IGR J17451-3022 miglotbe
XXVI K @ and K3 complexes. Similar features are observed in@ated well beyond the Galactic Center, i.e. at distamss8pc.
number of LMXBs hosting either a NS or a BH, and are usualljjhe lack of opticatadiqIR observations during the outburst of
ascribed to the presence of an ionized absorbing mateciaidd 1GR J17451-3022 (at the best of our knowledge) prevents, at
above the accretion disk (Ueda etlal. 1998; Kotani et al. i20Q@resent, a more accurate estimate of the source distanceoté/e
Sidoli et al.| 2001; Parmar etlal. 2002; Boirin & Parmar _2003hat, as in order sources seen at high inclination, it is ptssi-
Boirin et al. 2004, 2005; Hyodo etlal. 2008). Such absorbers &le that only a fraction of the intrinsic X-ray luminosityraes
more likely to be observed in high inclination systern3Q deg; to the observer (see, e.g., Burderi et al. 2010), thus isgrga
see, e.g., Ponti etial. 2012, 2014; D'Ai etlal. 2014), whare oour uncertainty concerning the source localization andirthe
line of sight passes directly through the disk. In some casésrpretation on its real nature. Concerning the assumegs Gl
the absorption features show significant blueshifts, thdgat- ne, we commented in Sedf_4.2.1 that0'?> cm™3 is a reason-
ing that the ionized material is emerging from the system able estimate based on our knowledge of similar systemecDir
a “disk wind” (see, e.gl. Schulz & Brandt 2002; Kubota et ameasurements of the plasma density in LMXBs displaying the
2007; Diaz Trigo et al. 2007; laria et al. 2008)flerent driving presence of pronounced absorption features could be ekbitain
mechanisms have been proposed to generate disk winds (sedar only in two cases, and thus we cannot rule out substan-
e.g., Proga & Kallman 2002). These comprise a combinationtidlly different values oh. (se€_Diaz Trigo & Boirin 2015, and
radiation and thermal pressure, best suited to explainwdisés references therein).
forming at distances gf10'%-10'2 cm from the central compact At odds with other LMXBs seen at high inclinations and
object, or magneticfeects. The latter consider that the disk win&¢haracterized by dense coronae (see,le.g. Diaz Trigo &i3oir
can be produced at relatively small distances from the ceimp2013), we found no evidence for either a broad iron emission
object 10°-10'° cm) due to the pressure generated by the maline or a reflection component produced close to the innde dis
netic viscosity internal to the disk or magnetocentrifuigates boundary in IGR J17451-3022. The prominence of these fea-
(Miller et all[2006). In all cases, the presence of an ionaed tures is a strong function of the system inclination and righ
sorbing material can be accounted for in the spectral aisatys become undetectable 380 deg (see, e.d., Garcia etlal. 2014).
high inclination LMXBs by using thevarmass model in Xspec.  We found evidence for an edge 28.2 keV (see Tablgl4) that
The fit with this model that we carried out on the IGRJ17451eould be due to Fe XXV, even though the measured energy is
3022 data in Secf.4.2.1 revealed that the warm absorberlawer than expected (8.828 keV; see, €.g., di Salvolet alg200
this source has a column density NF2™a0s ~ 10?4 cm2, a  for a similar case). An alternative possibility is that thesidu-
turbulent velocity ofo, ~ 290 km s?, and a bulk velocity als around this energy are left due to a poorly accurate fit wit
v ~ 2200 km st. The latter value indicates that this material ighe warmass model, especially in a energy range where the ef-
moving away from the disk and can thus be most likely assoégctive area of the EPIC-pn camera is decreasing rapidiytand
ated to a disk wind. We note here that, even though the meahsusignal-to-noise ratio of the data is far from being optinse
outflowing velocity in Tabld} is highly significant, the cesr Fig.[d).
sponding shift in energy of the involved lines is modest (gbo  The analysis of the EPIC-pn data revealed also the presence
0.7% of the centroid energy) and is roughly of the same orfleraf two virtually rectangular eclipses in the source lightey
magnitude of the EPIC-pn calibration energy accuracy. Figr t lasting about 820 s each. From the measurement of the two
reason, any interpretation about the presence of an outifpweclipse mid-epochs we provided an estimate of the source or-
velocity of the order of few thousands of km‘sneasured with bital period at 226203:2 s (do c.l.; see Secl. 411). The residual
the EPIC-pn has to be taken with caution. X-ray flux measured during the eclipses (about 6% of the av-
From the estimated column density and ionization parameraged uneclipsed flux) could in principle be explained t® th
ter of the warm absorber, we can also infer some information presence of an accretion disk corona (ADC) located above the
the distance of this material from the compact object byaisinlisk that scatters the X-rays from the central point-likarse.
the definition of the ionization parametefs= Ly /ner?, where However, as the X-ray spectrum extracted during the eclipse
Ly is the source X-ray luminositye~10*2 cm is the medium could be equally well fit with aiskss or a power-law model, we
density assumed in thesrmass model, and is the distance be- are unable to distinguish if this residual emission coroesis to
tween the absorbing medium and the central source. Makimg @draction of the scattered thermal X-rays from the disk tréfre
of the best fit values in Table 4, we obtair 2.0x 10'°cm, that is also some significant reprocessing within the ADC with an
is an intermediate value of the ionized absorber distarce fhe eventual contribution from a scattering halo. This phenoohe
central compact object dividing thermr@diative and magnetic ogy is remarkably similar to that observed in the case of tBe N
models. LMXB EXO 0748-676, which shows rectangular eclipses with
We caution, however, that the distance to IGR J17451-3022% residual X-ray flux (during X-ray active periods; seg,.e.
is not known at present (thus potentially leading on large uRarmar & White 1988).
certainties on the estimated X-ray luminosity of the sopacel The X-ray dips detected byXMM-Newton from
that the above calculation depends on the density assumedI@R J17451-3022 also show remarkable similarities with
the partly ionized absorbing medium (see Séci. #.2.1). Digte dips in EXO 0748-676. In both systems, the dips precede in
winds are usually observed in bright LMXBs hosting a BHbhase the X-ray eclipse and display complex structuresngry
in the radio-free high soft state (HSS) or a NS with a Iufrom one orbit to the other. They also give rise to measurable
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changes in the hardness ratio of the source emission, whiclThakrabarty, D., Jonker, P. G., & Markwardt, C. B. 2014, Trarénomer's
interpreted in terms of increased absorption due to theepoes ~ Telegram, 6533, 1

of vertically extended structures in the disk at the impa€t'énevez, J., Vandbaek Kroer, L., Budtz-Jorgensen, C.|.e20d4, The
. . . Astronomer’s Telegram, 6451, 1
point of the accretion stream from the donor star. It is WOrth, roisier, T.. Walter, R., Beckmann, V., et al. 2003, A1, L53

noticing that EXO 0748-676 also displayed clear evidence forai, A, Di Salvo, T., laria, R., et al. 2015, MNRAS, 449, 82
the presence of an ionized absorbing material located abd®, A., laria, R., Di Salvo, T., et al. 2014, A&A, 564, A62
the accretion disk, even though no significant blueshifthef t di Salvo, T, D'Ai, A., laria, R., etal. 2009, MNRAS, 398, 2D

detected absorption features could be measured in that cggémgg'mggg:::ﬂ - ggig ﬁf)t(?vpe?g:iifgn'ca’ 53,659

(Ponti et all 2014). . Diaz Trigo, M., Migliari, S., Miller-Jones, J. C. A., & Guaizzi, M. 2014, AA,
Both the search for X-ray bursts and for pulsations resulteds71, A76
in non-detections, leaving the nature of the compact ohjectDiaz Trigo, M., Parmar, A. N., Miller, J., Kuulkers, E., & Ballero-Garcia,

IGR J17451-3022 unclear (see S&tt. 2 4.3). As disk winggh 02007, A&A 852 857 07 AGARev. 15. 1
are nowadays understood to be an ubiquitous property of Mafl¥ s “J. Dauser, T., Lohfink, A.. et al. 2014, ApJ, 782,76

NS and BH LMXBs observed at high inclination, this featureieriinski, M., Zdziarski, A. A., Poutanen, J., et al. 1988NRAS, 309, 496
cannot be used to distinguish easily among the two possibiikinke, C. O., Bahramian, A., Altamirano, D., & Wijnands, B014, The
ities in the case of IGR J17451-3022. The analysis of the X-Astronomers Telegram, 6459, 1

- . odo, Y., Ueda, Y., Yuasa, T., et al. 2008, ArXiv e-prints
ray continuum from the source could, however, provide so Wia, R., D'Al, A, Lavagetto, G., et al. 2008, ApJ, 673380

additional clues. In particular, the_normal!zation of thexBB  jaisawal, G. K., Homan, J., Naik, S., & Jonker, P. 2015, Theoksmer's
model in theXMM-Newtonand Swift data is found to be al-  Telegram, 7361, 1
ways <20 and thus we can infer an approximate inner dislansen, F., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1

(-1/2) Johnston, H. M. & Kulkarni, S. R. 1991, ApJ, 368, 504
bhoundar;ll Ofl 124/ ?j kpC)(COfSG/ 88 de%) km. Even Wh;"” Kotani, T., Ebisawa, K., Dotani, T., et al. 2000, ApJ, 539341
the usual color and torque-free boundary corrections a18ide ot A. Dotani T. Cottam. J. ot al. 2007, PAS) 50, 185

ered for thepiskee component (see, e.q., Gierlihski etlal. 1999:ebrun, F., Leray, J. P., Lavocat, P., et al. 2003, A&A, 41141
Nowak et al. 2012, and references therein), the inner digkido Lund, N., Budtz-Jgrgensen, C., Westergaard, N. J., et @B, 288A, 411, L. 231
ary estimated from the X-ray spectrum of IGR J17451-3022 ridiler, J. M., Raymond, J., Fabian, A., et al. 2006, Natur] 4953

mains uncomfortably small for a black-hole (less thag fora "Ufioz-Danas, T., Fender, R. P, Motta, S. £, & BelloniM. 2014, MNRAS,

3 M, BH). Although this does not allow us to draw a firm connowak, M. A., Wilms, J., Pottschmidt, K., et al. 2012, ApJ47407
clusion about the nature of the compact object in IGR J1745@armar, A. N., Oosterbroek, T., Boirin, L., & Lumb, D. 20022A, 386, 910

3022, we conclude that the NS hypothesis is favoured (see azsrtmah é- g: g\i\/hit? NB- E. 198E8, l\qerln-z(s)gg- ﬁ\ﬂs;lrgxsltm% 147
H H H H Intore, ., DI Salvo, 1., b0zzo, E., et al. y ,

Zdziarskietal. 2016, in preparatlon). Pintore, F., Sanna, A., Di Salvo, T., et al. 2014, MNRAS, 8545
Piraino, S., Santangelo, A., Kaaret, P., et al. 2012, A&A, 327
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