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ABSTRACT

AX J1745.6-2901 is a high-inclination (eclipsing) neutrstar Low Mass X-ray Binary
(LMXB) located less tham- 1.5 arcmin from Sgr A. Ongoing monitoring campaigns have
targeted Sgr A frequently and these observations also cover AX J174508-28/e present
here an X-ray analysis of AX J1745.6-2901 using a large éatd38XMM-Newtorobserva-
tions, including eleven which caught AX J1745.6-2901 inbowst. Fe K absorption is clearly
seen when AX J1745.6-2901 is in the soft state, but disappmhaing the hard state. The
variability of these absorption features does not appebletdue to changes in the ionizing
continuum. The small K/K 5 ratio of the equivalent widths of the B&v and Fexxvi lines
suggests that the column densities and turbulent velsafithe absorbing ionised plasma are
in excess ofVy ~ 1022 cm~2 andv..1,>500 km s, These findings strongly support a con-
nection between the wind (Fe K absorber) and the accretate of the binary. These results
reveal strong similarities between AX J1745.6-2901 andeitigpsing neutron star LMXB,
EXO 0748-676, as well as with high-inclination black holedries, where winds (traced by
the same Fe K absorption features) are observed only duran@dcretion-disc-dominated
soft states, and disappear during the hard states chasactéw jet emission.

Key words: Neutron star physics, X-rays: binaries, absorption lirsegretion, accretion
discs, methods: observational, techniques: spectroscopi

1 INTRODUCTION 2006; Neilsen et al. 2011; Ponti et al. 2012; King et al. 20dr)
their tight connection with the accretion state suggest wiads

Equatorial accretion disc winds have recently been dematestto are a fundamental component of the accretion process ik htzle

be an ubiquitous feature of accreting black holes (Ponti 204.2). binaries.

Such winds have almost always been observed during thetats#t s

and typically disappear during the canonical hard statégbie & Accreting Neutron Stars (NS) are also known to have equa-

Lee 2009; Ponti et al. 2012; Miller et al. 2012). The estirdaténd torial absorbers and winds (Ueda et al. 2001; Sidoli et ab120

mass outflow rates (Lee et al. 2002; Ueda et al. 2004; Milled.et Parmar et al. 2002; Boirin et al. 2003; 2004; 2005; Diaz-draj
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al. 2006; 2013, but see also Miller et al. 2011) however a one-
to-one connection between the wind and accretion statethias s
to be established. A recent study focused on the absorptimm p
erties of the neutron star low-mass X-ray binary EXO 0748-67
(Ponti et al. 2014). This source has been continuously iburat

for 23 years (it was discovered in 1985 and it returned to sjuie
cence in 2008; Parmar et al. 1985; Wolff et al. 2008; Hynes@&e3o
2008). As characteristic of the high-inclination sourd&$Q 0748-

676 shows dips and eclipses. An inclination@f < 7 < 83°

reproduced by increased absorption by cold (approximately
tral) material.

A total of 38 XMM-Newton observations included
AX J1745.6-2901, of which 11 have caught the source in ostbur
The detailed Swift monitoring of the Galactic center (Deagm
et al. 2009; 2010; 2013), comprising over 108Wift snapshot
observations obtained between 2006 and 2014, allows uste pl
the XMM-Newtonobservations in context, tracking the accretion
state of AX J1745.6-2901. Taken together, these data pravsd

was estimated (Parmar et al. 1985; 1986) for a primary mass of with a unique opportunity to study the wind in AX J1745.6-290

Mys ~ 1.4 Mg, which is consistent with dynamical estimates
(Mufoz-Darias et al. 2011; Ratti et al. 2012). No Fe K abgorp
lines are detected during the more thanX@@M-Newtonobserva-
tions which catch EXO 0748-676 in the hard state. Nonetkeles
intense Fexxil, Fexxv and Fexxvi absorption lines are clearly
observed in the singléMM-Newtorobservation where EXO 0748-
676 is seen in the soft state (Ponti et al. 2014). This sugdbat
the wind—accretion state connection might also be presestdrne
accreting neutron star binaries. To further test this hypsis, we
analyse theXMM-Newtonand Swiftobservations (as well ds8uS-
TARdata to constrain the broad band Spectral Energy Distabuti
SED) of another well known high-inclination (dipping andips-
ing) accreting neutron star, AX J1745.6-2901.

At less than 1.5 arcminutes from Sgrf AAX J1745.6-2901
lies within one of the most intensely observed patches ofXhe
ray sky. AX J1745.6-2901 was identified as a new transienay-r
burster near the Galactic center in 1993-1994 and 1997 ASEA o
servations (Maeda et al. 1996; Kennea et al. 1996; Sakanb et a
2002). Intensity dips with a period &.356 £ 0.008 hours were
identified, indicating the high-inclination of the sourécess soft
X-rays during the dips are attributed to scattering by sitdlar
dust (Maeda et al. 1996).

Muno et al. (2003) catalogued a faint ¢ ~ 1032 erg s'!,
for an 8 kpc distance) Chandra X-ray source, CXOGC J174535.6
290133, confirmed to be the quiescent X-ray counterpart of
AX J1745.6-2901 (Heinke et al. 2008). New transient outisurs
were seen bySwift INTEGRAL XMM-Newton Chandra and
Suzakun early 2006 (Kennea et al. 2006; Chenevez et al. 2006),
in 2007-2008 (Wijnands et al. 2007; Porquet et al. 2007; Pege
naar et al. 2009; Hyodo et al. 2009; Degenaar et al. 2010216
(Degenaar 2010b), and 2013-2014 (Degenaar et al. 20134ap01

The 2006 and 2010 outbursts were short (4 and 4-7 months re-

spectivelff)) and low luminosity (peal.x ~ 5 x 10%° erg '),
while the 2007-2008 and 2013-2014 outbursts were longg (1.
1.7 years, and>1 year to date) and of higher luminosity (peak
Lo 10 kev ~ 7 x 10%¢ erg s! for both; Degenaar et al. 2010a;
2014a).

As observed in many other high-inclination systems (e.g.
Boirin et al. 2004; Diaz-Trigo et al. 2006; 2013), AX J1745.6
2901 shows eclipses, dips, and Fe K absorption (botkxxe and
Fexxvi Ka and K3 absorption; Hyodo et al. 2009). The observed
equivalent widths of these absorption lines range freB0 to 60
eV, and the lines are observed during all orbital phasesef#xc
eclipses). Therefore, a disc corona origin for the absgrbmate-
rial has been proposed (Hyodo et al. 2009). Hyodo et al. (R009
suggested that the absorbing gas is outflowing with a bulkamot
of ~ 10% km s71, and also showed that the dip spectra are well-

I The end date of the 2010 outburst is uncertain as it occureenwh
AX J1745.6-2901 was too close to the Sun to be monitorecwift or
any other X-ray telescope.

and determine whether the appearance/disappearance wiritie
is linked to the accretion state of the source.

The paper is organised as follows. In Section 2 we present the
XMM-Newtonand Swiftobservations and data reduction methods.
In Section 3 we present the method used to determine the-accre
tion state. In Sections 4 and 5 we present detailed modetiing
the XMM-Newtondata using phenomenological and proper photo-
ionisation models. Our results are summarised in Section 6.

2 OBSERVATIONSAND DATA REDUCTION

All spectral fits were performed using thesKecsoftware package
(version 12.7.0). Uncertainties and upper limits are regubat the

90 per cent confidence level for one interesting parametdess
otherwise stated. The reported X-ray fluxes are not comleftie
Galactic absorption. To allow the useyt statistics we group each
spectrum to have a minimum of 25 counts in each bin. We adopt a
nominal Eddington limit for AX J1745.6-2901 ofdqs = 2 x

1038 erg s ' (appropriate for a primary mass 8fys ~ 1.4 Mg

and cosmic composition; Lewin et al. 1993).

2.1 XMM-Newton

Several independent groups, with a wide variety of scierusy
have madeXMM-Newtonobservations of the Galactic Centre field
over the last decade. In this paper we combine all availahta d
where AX J1745.6-2901 lies within tB&MM-Newtorfield of view.
This includes recenKMM-Newtonobservations which were de-
signed to monitor the passage of G2 (Gillessen et al. 20/&rat
center (Pls: Haggard; Ponti), and to track the evolutiorhefdut-
burst of SGR J1745-2900 (Mori et al. 2013; Kennea et al. 2013;
Rea et al. 2013; PI: Israel), data from tK&M-Newtonscan of
the central molecular zone (PI: Terrier), plus many oldehial
XMM-Newtorobservations (See Tdl. 1 and Tab. 3 and 5 of Ponti et
al. in prep.).

As of 2014 May 14 there were 34 observations publicly
available in the XMM-Newton archive (Tab.[1l), pointed near
AX J1745.6-2901 and with EPIC-pn clean exposure longer than
3 ks. We add to this four new proprietary observations thaewe
accumulated between August 2013 and April 2014.

Starting from the XMM-Newton Observation Data Files
(ODF), we re-process all the data sets, with the latest mersi
(13.5.0) of theXMM-NewtonScience Analysis System (SAS), ap-
plying the most recent (as of 14/05/2014) calibrations.a2Bse of
the relatively small effective area of the MOS cameras iRtk
band, we restrict our analysis here to data collected waHzRIC-
pn camera.

The majority of the EPIC-pn observations have been accu-
mulated in Full Frame mode with the medium filter. One observa
tion (0BSID 0112972101) was performed in Extended Full Frame
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mode, and two @BsID 0111350301 and 0111350101) used the
thick filter.

Photon pile-up affected all observations in which AX J1845.
2901 was found in the soft state (see Section 3;[Tlab. 1). Tigamét
the effects of pile-up on the extracted spectra in the safestve
adopt an annular extraction region centred on the sourtie jnvier
radius ofri, = 9.25 arcsec and outer radius of,; = 45 arcsec
(see e.g. van Peet et al. 2009). Discarding all the photottgrwi
9.25 arcsec of the peak of the source point-spread function (PSF)
we remove~ 50 % of the encircled energy from the source which
is concentrated on a small area (see fig. 7 in section 3.2f1tko
XMM-Newtonusers’ handbooﬁ). This allows us to reduce the ef-
fects of pile-up significantly. An outer radius 45 arcsec allows us
to retain~ 95 % of the remaining source photons, whilst keeping
the instrumental background and diffuse emission low. Rehtard
state observations, which are not affected by pile-up, vieeted
events using a circular region wittb arcsec radius. To compute
the source flux during the quiescent (or close to quiesceoioe)
servations whilst minimising the contamination from instental
background and diffuse emission, we used a small circul@aex
tion region with a radius of 0 arcsec (see Tahbl 1).

We initially selected the background photons from a region

3

those periods having hardness-ratio 1.5 times larger tiepérsis-
tent value. We note that the light curves of the source angronld-
erately affected by the dipping phenomenon. However thighii
be due to the high foreground absorption column density ridsva
AX J1745.6-2901, which prevents us from directly studyihg t
soft X-ray energies where dips are most easily revealed.

After applying the particle background cut and the removal
of bursts and eclipses, we extracted, for each observatisayrce
spectrum of the persistent emission plus mild dipping (digs
with hardness ratio lower than 1.5 time quiescence; sedlllahd
Ponti et al. 2014). For each spectrum, the response maitiefin
fective area have been computed with the XMM-SAS tasks-
GENandARFGEN.

2.2 NuSTAR

SeveraNuSTARobservations of the Sgr'Afield have been carried
out to date, with the primary science goal of monitoring tineet

evolution of the newly discovered magnetar SGR J1745-2%iKa
et al. 2014). Four of these observations caught AX J174803-2

of similar size and shape and on the same detector chip as theduring its 2013 outburst (which began on 2013 July 25). These

source region. However, due to the bright and highly inhogrog
neously distributed diffuse emission near the GalactitargiVang

et al. 2002; Baganoff et al. 2003; Koyama et al. 2007; Porgi.et
2010; 2013; Clavel et al. 2013), we decided to accumulatbabk-
ground spectrum from the same region of the sky selectechéor t
source during th&XMM-Newtonobservations where AX J1745.6-
2901 was in quiescence (see Tab. 1). To mitigate the effétteo
spatial and long term temporal dependence of the internil-pR
particle background, we selected only the quiescent steerea-
tions in which AX J1745.6-2901 was near the optical axis @f th
EPIC-pn instrument and which were taken after Septembe6 200
(corresponding to the first observation in which AX J17489%1
was observed in outburst BYMM-Newton see Tal[]1). We iden-
tified periods of enhanced particle-induced backgrounidiacby
calculating the full detector light curve in the 12—-15 ke\hbdaaf-
ter excluding the events within a 2.5 arcmin radius of AX B.%4
2901. Excluding all photons within 2.5 arcmin from the s@uen-
sures that more tha®b % of the photons from AX J1745.6-2901
are removed and that the emission from Sdrakd its immedi-
ate surrounding are also excluded. Time intervals with aatmate
higher than the threshold specified in Tab. 1 were filteredaoit
not considered in further analysis.

In order to identify and remove type | bursts from the analysi
we used a 3 s resolution hard-band X-ray light curve. The &el0
band was chosen for this as it is only marginally affectedippidg
(Diaz-Trigo et al. 2006; van Peet et al. 2009; Ponti et al.4201
We identified the intervals where AX J1745.6-2901 was inpseli
using a 60s binned 5-10 keV light curve. The thresholds wkexpp
are reported in Tabl 1.

observations were carried out on 2013 July 31, August 8, 98nd
and have exposure times 22.3, 12.0, 11.2 and 11.7 ks resggcti
(NuSTARoBSIDs 80002013018, 80002013020, 80002013022 and
80002013024). No furtheNuSTARobservations of the Galactic
Center were performed until June 2014. In each of the fw®-
TARobservations AX J1745.6-2901 was the brightest sourceein th
field of view, yielding adequate photon statistics to stuggcdral
evolution over time. In this papeluSTARJata were used only to
constrain the hardest and softest broad-band Spectrad{ Dés-
tributions (SED) exhibited by AX J1745.6-2901. Full detaf the
outburst evolution and an analysis of type-l X-ray burst e
presented by Hailey et al. (in prep.), but here we briefly dbsc
our NuSTARJata analysis.

All NuSTARdata processing was performed with tNeS-
TAR Data Analysis Software (NUSTARDAS3)3.1.NuSTARcon-
sists of two co-aligned X-ray telescopes (FPMA and FPMB)
with an energy range 3-79 keV and having spectral resolution
400 eV (FMHM) at 10 keV (Harrison et al. 2013). We first fil-
tered out time intervals containing type-1 X-ray bursts isim-
ilar way to that carried out for thMM-Newtondata, then ex-
tracted source photons from3@ arcsec radius circle around the
source position of AX J1745.6-2901. This extraction regionell-
calibrated for a point source, and results in negligibletaoni-
nation from the nearby magnetar SGR J1745-29 1.5 arcmin
away from AX J1745.6-2901). We extracted background spectr
from a pre-outburduSTARbbservation taken on 2013 JulyGH-

SID 8002013016, i.e. the last observation before the outbusst)
ing the source extraction region. We re-binnedMeSTARspectra
to minimum 30 counts per bin, and discarded events outsigle th

Absorption dips are generally revealed by sudden increasesnominal NuSTARbandpass (3-79 keV). We found that the softest

in the hardness-ratio. Therefore, to investigate the dipghe-
nomenon we examined the hardness-ratio lightcurve, definesl
as the ratio of th& — 10 keV light curve to thed.5 — 5 keV light
curve. Following van Peet et al. (2009) and Ponti et al. (20ie
determined the average hardness-ratio for those inteckadsly
belonging to the persistent emission, and then flaggedipgsng

and hardest spectra of AX J1745.6-2901 were observed81Ds
80002013018 and 80002013024 respectively. We fit the saftes
servation (FPMA and FPMB spectra jointly) using the XSPEC
model PHABS* SIMPL* DISKBB (see Steiner et al. 2009 for more
details about thesimpL Comptonization component). We use the
same model to fit the hard state observation even if the petideof
disc blackbody component is not in thuSTARband (se€f5.2).
The fit parameters were later adopted to construct the inlt S

2 hitp://xmm.esac.esa.int/external/xnusersupport/documentation/uhb/indexdatal for our photo-ionization models (Section 5).
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Figure 1. The X-ray light curve of AX J1745.6-2901, spanning8 years ofSwift XMM-NewtonandNuSTARobservations. Each small blue point shows the
normalised 3-10 keV count rate for ead@Wiftvisit. The large stars indicate tbdvIM-NewtorEPIC-pn countrate, (converted to the equivalewift XRT count

rate) measured during the observations which caught AX81672901 in the quiescent (green), hard (black) and saf @tates. The blue squares indicate
the observed count rate (converted to the equivasvitt XRT count rate) during the hardest and sofféaSTARobservations, which were used to constrain
the source’s broad-band Spectral Energy Distribution (S&@ Sectioh 512). ThéMM-Newtonobservations before 2006 all found AX J1745.6-2901 in the

quiescent state and so are not shown.

2.3 Swift

source count-rate in each energy band was calculated fremith
served counts taking account of the relative sky areas afdhece

The Swifttelescope has been used to regularly monitor the Galac- and background regions.

tic center field since February 2006, typically making onenore

The sensitivity ofSwift XRT varies across the focal plane due

short ¢~ 1 ks) snapshot observations on each day when the Galac-tg vignetting and the presence of bad pixels. We have compen-

tic centre is visible (Degenaar et al. 2013b). Our reductibthe

sated for the varying instrumental sensitivity betweeitvisy cal-

SwifeXRT (X-Ray Telescope, Burrows et al. 2000) data utilises a ¢yjating visit-specific corrections using the following tied. For

pipeline developed for monitoring campaigns of bright AGd
Fabian et al. 2012, Cameron et al. 2012, Connolly et al. 204/8)
have extracted an X-ray light-curve for AX J1745.6-290Ingsall
SwiftXRT ‘photon counting’ mode observations with a nominal
aim point within 25 arcmin of Sgr A For the work presented in
this paper we have analysed a total of 18ftoBsIDs, including
over 2000 separate visits with a summed exposure time of K226

The raw SwiftXRT datasets were downloaded from the
HEASARC archive and reprocessed using the taRtPIPELINE
(version 0.12.8). For eacBwiftvisit we usedXSELECTto extract
source events from a 30 arcsec radius circular aperturagecent
on 17:45:35.65, -29:01:34.0 (J2000). Background events we-
tracted from a nearby 60 arcsec radius circular region auntano
bright sources (centre 17:45:28.90, -29:03:44.2, J200@) mea-
sured the number of detected counts in the source and bacidjro

each visit we generated arRF file using the standar8wifttools
(XRTEXPOMAPaNdXRTMKARF). Using this visit-specifiarF, the
nominal XRT response matrix, a simple absorbed power-lag-sp
tral model and thecAKEIT function within XSPEC we calculated
the expected count-rate for the visit-specific source etitia aper-
ture (Rtake,;) @and the count-rate expected using the nom$hwift
XRT effective area curve and an infinite radius apertutgue,o)-
The count-rate measured in tfth visit, R;, can then be detrended
using the following relationRcorrected,; = Ri(Rsake,0/ Rtake,i)-
We assumed a simple spectral model consisting of a power-law
slope ofl" = 1.9 and GalacticVy = 1.2 x 10?2 cm~2, but note
that the detrending method is only weakly dependent on sdect
shape due to our use of medium-width energy bands.

The detrended count-rate in the 3-10 keV energy band was
calculated by summing the detrended count-rates calcuiatehe

regions for each of a standard set of ten medium-width energy 3-4, 4-5, 5-6, 6—7 and 7-10 keV bands. Uncertainties wece-cal

bands spanning the range 0.3-10 keV. The background-stdira

lated by summing in quadrature the uncertainties in eact.ban

(© 0000 RAS, MNRASD00, [I-7?



In a number of visits the source position was located close
to one or more of the bad columns on tBeift XRT CCD, these
data points have very uncertain correction factors and saexr
jected from further consideration. Note that tBeift XRT obser-
vations are expected to suffer from moderate pile-up effedten
AX J1745.6-2901 is in its highest luminosity state. Howeesrwe
do not carry out a spectral analysis of ®wift XRT data we do not
attempt to correct for pile-up in this work.

3 ACCRETION STATE DETERMINATION

Figured shows the long-term 3—-10 keV light curve of AX J1B45.
2901 as measured b$wiftXRT. The locations and equivalent
countrates for allXMM-Newtonobservations plus those for the
hardest and softesNuSTARobservations are also indicdted
During 11/38 XMM-Newtonobservations AX J1745.6-2901 was
caught in outburst, with £ 1gxev > 1.6 x 107 erg cn? s71,
AX J1745.6-2901 was in quiescence during 19X38M-Newton
observations, i.e. it was undetected in the 3-10 keV band, im
plying a luminosity lower thar~ 9 x 10°? erg s! (assum-
ing a distance of 8 kpc). During the remaining 8/38 obseovati
AX J1745.6-2901 was detected (see Tab. 1) at a slightly hitire
of Fs_1okev < 1.3 x 10712 erg cm 2 s7! corresponding to lu-
minosities of ls_10ev < 10%* erg 571, and Eddington ratios of
L3_10kev/LEaa < 5 x 1075, therefore, although detected, it has
still been caught in the quiescent state.

The observed high column density of neutral mateil;(~
1.9 x 10%® cm~2) suggests that AX J1745.6-2901 is located at
or behind the Galactic center (see Secfiod 4.1). The distafic
AX J1745.6-2901 along the line of sight is uncertain. If lech
at a distance of~v 8 — 20 kpc, AX J1745.6-2901 has a peak lu-
minosity of L ~ 3 — 30 x 10%¢ erg s'* (see Sectiof 4]2), corre-
sponding to several per cent of the Eddington luminosity &dlS
mass ofl.4 Mg). The small angle between AX J1745.6-2901 and

5

X-ray binaries as well (e.g. Mufioz-Darias et al. 2011). N&@XBs
can also show an additional X-ray emission component, &gsoc
with emission from the surface of the neutron star. Furtloeem
the observed spectrum of AX J1745.6-2901 is significantlygimo
fied by absorption from a high column density of neutral mater
(consistent with observations of other Galactic centerczs).

To determine the state of AX J1745.6-2901 in outburst, we
investigated two independent measures: the X-ray vaitialsihd
the shape of the X-ray continuum. We fitted the spectrum from
eachXMM-NewtonoBssiD with three different continuum models
(all absorbed by a column density of neutral material fittéthw
thephabs model with Anders & Grevesse 1989 abundances and
Balucinska-Church & McCammon 1998 cross sections). They ar
i) a multi-temperature disc blackbodypiabsxdiskbb); ii) a
single temperature blackbody componephébs xbbody); and
ii) a power-law phabs xpowerlaw) continuum model. We re-
port in Table? they? and best fit values for the power-law model
and disc blackbody as well as the differences between thior
the best-fitting power-law model compared to tfiefor the best-
fitting blackbody model. We find that for each of the obseprai
where AX J1745.6-2901 has a high flux, the thermal (blackbody
and disc blackbody) models give a significantly better fit pared
to the power-law model. The power-law model is preferrechim t
two observations at the lowest flux. At the highest fluxes &b
fitting power-law spectral index indeed assumes very steéges
(T" ~ 2.8 — 3.1) suggesting instead the presence of a thermal com-
ponent. Despite the blackbody and disc blackbody modelsrerel
producing the shape of the continuum of the high flux obsemat
the presence of very significant residuals in the Fe K bancertiak
fit formally unacceptable (see Tab. 2). We note that an aabépfit
is obtained once the Fe K banslf < F < 8.5 keV) is excluded
(see column 9 in Tab] 2).

We also investigated the X-ray variability of AX J1745.6-
2901. We produced light curves in the 3—-10 keV energydmxﬂn
the XMM-NewtonEPIC-pn data, with 73 ms time resoluﬁ)mnd

Sgr A", and the significant increase in surface density of stars and cleaned of time intervals associated with dips and bursisgthe

X-ray binaries towards the Galactic center (e.g. Muno e2@03),
makes the Galactic center the most probable location. Tdrerare

same criteria and thresholds used in Section 2.1 and Thblbése
light curves were used to compute the power spectral de(i®&1p)

assume a distance to AX J1745.6-2901 of 8 kpc. Such a distancefunction of eachoBsip, and to derive an estimate of the high fre-

is further supported by observations of the brightest Xirassts
emitted by AX J1745.6-2901, which reached the Eddington-um
nosity for a NS at 8 kpc (Maeda et al. 2006, Degenaar et al.)2009
The luminosities computed in this work can be scaled by afact
(dist/8 kpc)? should a more reliable measurement of the distance
of AX J1745.6-2901 become available.

It is well known that, at luminosities in the range —
30 % Lgaa, NS-LMXBs typically alternate between two distinct
states (e.g. van der Klis 2006), with state transitionsofuihg
a hysteresis pattern in the Hardness Intensity Diagramnfidu™
Darias et al. 2014). The X-ray spectra of NS-LMXBs in outlburs
(see Lin et al. 2007; Barret et al. 2001) are characterisetivby
main states: i) a hard state where the 3-10 keV emission i$-dom
nated by a power-law component and strong variabitity.§ up to
~20-40 %); ii) a soft state where the X-ray emission is doneidat
by a disc blackbody component and there is only weak broad-ba
variability (rms < 5 %). Note that the same levels of rms and
spectral properties characterize the hard and soft statadk hole

3 We first derive the 3—10 keV flux from the best-fitting modek(§d) for
each of theXMM-Newtonand NuSTARspectra, and then use WebPIMMS
HTTP://HEASARC.GSFCNASA.GOV/TOOLS/W3PIMMS.HTML! to convert
this to an equivalenBwift XRT count rate.
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quency (i.e. freq 0.1-7 Hz) fractionains. However, since the de-
tected EPIC-pn count rate is typically fairly low (i.e. beten 0.8
and 7 ct s') the PSDs are dominated by counting noise and do not
permit a reliable measurement of the intrinsic source lditg

Finally, we identify the position of each observation of
AX J1745.6-2901 in the Hardness Intensity Diagram (HID;Eige
[2), which is often used to determine the source state (Fegtdgr
2004; Belloni et al. 2011; Mufioz-Darias et al. 2014). Thelhass-
ratio is defined here as the ratio between the observed fluxes i
the 6-10 keV and the 3-6 keV bands. As expected, thermal emis-
sion dominated observations have a markedly smaller hasdne
ratio compared to power-law dominated ones. Note that the ob
served hardness-ratio indicates a real variation of the @&Dit is
not due to a variation of the neutral absorber; see Selctin e
therefore denote the thermal emission softer observatisrisoft

4 We consider only the hard X-ray band because, due to the loigimo
density of neutral material towards AX J1745.6-2901, onlgnaall frac-

tion of E < 3 keV source photons reach us (see e.g. Maeda et al. 2006;
Degenaar et al. 2010a; or Fid. 5).

5 This is the finest time resolution available for the PriméRindow ob-
serving mode.
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Figure 2. Hardness Intensity Diagram for AX J1745.6-2901. Red square
and black circles indicate soft and hard stafdM-Newtonobservations,
respectively. Soft state observations are fitted best bynalsiblackbody

or disc blackbody model, while hard states are fitted best pgveer-law
emission model. Triangles show the hardest and sditeSITARobserva-
tions used to constrain the source SED (to compute propeeidmbsorber
models, Sectiop 5]2).
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Figure 3. Column density (in units 0f023 cm—2) of neutral material as a
function of the observed 3-10 keV flux. Red squares and bliacles show
soft- and hard state observations, respectively.

state’, and the power-law dominated harder observatiorisaad
state’.

4 PHENOMENOLOGICAL MODELS

In what follows (guided by the results presented in Sectjpme
consider only an absorbed power-law spectral model for ¢grd h
state observations, and either an absorbed disc blackbaty ab-
sorbed single blackbody component for the soft state obtens

(see Tall ).

4.1 Neutral absorbing material

Fig. [ shows the best-fitting column density of neutral mater
during the soft and hard state observations. These measotem
are consistent with a constant column density, despite &émg v
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Figure 4. (Top panel)Observed disc luminosities (in units aH3¢ erg

s') versus disc temperature (in keV) obtained from fits with the
phabs xbbody model. The doted line shows the best fit relations ¢ <
kTgB). (Bottom panelMulti-temperature disc blackbody normalisation as
a function of disc temperature.

large variation in source flux and spectral shape. This siggleat,
despite AX J1745.6-2901 being a dipping source, the obderve
column density of neutral material is most probably attialle
to absorption along the line of sight, i.e. physically uatetl to
AX J1745.6-2901. In fact, the observed column density iiwia
factor 2 of the column densities measured towards two otberty
Galactic centre sources: Sgi Aand SGR J1745-2900yy = 1.1
and1.7 x 10%* cm™? respectively (Baganoff et al. 2003; Trap et al.
2011; Nowak et al. 2012; Rea et al. 2013). This high columrsitgn
of neutral material supports the hypothesis that AX J1729@1

is located either at or behind the Galactic center.

4.2 Thermal emission in the soft state

The upper panel of Figl]4 shows the best-fitting temperatode a
luminosity for the soft state spectra fitted with a simplecklzody.
During these observations AX J1745.6-2901 is observed at a |
minosity betweenl, ~ 2 — 4 x 10%¢ erg s*. Given the high-
inclination of the system, it is probable that the intringisc lumi-
nosity is much higher. For example, simple geometrical ictans
ations (not taking into account relativistic effects) segigthat for
AX J1745.6-2901’s inclination angle 6f~ 80°, the intrinsic disc
luminosity should be a factor @bs( ~ 80°)™* ~ 3 higher than

(© 0000 RAS, MNRASD00, [I-??



the observed Iuminoslﬁ/Therefore the intrinsic disc luminosity of
AX J1745.6-2901 corresponds+o4— 10 per cent Eddington (ver-
sus~ 1.2—2.6 per cent Eddington for the uncorrected luminosity).
This places AX J1745.6-2901 in the typical luminosity ramdpe
served in ‘atoll’ sources (Gladstone et al. 2007; Mufiozi@xet
al. 2014). AX J1745.6-2901 would be characterised by evghehri
luminosities if it is in fact located far behind the Galaatenter.

The upper panel of Figll4 shows a clear trend of larger lumi-
nosities with increasing blackbody temperatures. Bladgbem-
perature and luminosities are well correlated with a Spaaroor-
relation coefficient of 0.78 (with an associated null hymsik
probability of 1.3 x 10~2 corresponding to a confidence level of
98.7 per cenf]. The line in Fig[% shows the relatiod,zs o
kT3 5 that is expected when the thermally emitting region varies
in temperature but keeps a constant area. This simpleaelett
produces the observed trend, however significant intrstsatter is
present. This scatter might be produced by the emission fhem
boundary layer. In addition, thegs « kTs 5 trend is supported
by the results of spectral fits using a disc blackbody compbne
(see lower panel of Fifll4), which, to first approximatiore eon-
sistent with a disc having constant normalisation and aerina-
dius R;» ~ 12 km (assuming a disc inclination 80° and a color
to effective temperature ratib = 2; Shimura & Takahara 1995;
Kubota et al. 1998).

4.3 Soft and hard state comparison

Fig.[H shows the combined time-averaged spectra of all tiesswl

all the hard state&XMM-Newtonobservations, and their residuals
with respect to an absorbed blackbody model (soft statejaad
absorbed power-law model (hard state).

Systematic negative residuals at the energies of thgxve
and FexxvI transitions are clearly visible in the time-averaged soft
state spectrum. These absorption features are also vialbkt at
lower signal to noise ratio, in the spectra from individuaft State
observations. The combined soft state spectrum shows iggrif-s
icant residuals at the energies of thexser Ka (E = 6.697 keV)
and Fexxvi Ka (E = 6.966 keV), as well as Fexxv Kg
(FE = 7.880 keV) and Fexxvi KB (E = 8.268 keV) lines, with
a possible contribution from Nixvil Ko and Fexxv K-+ lines.
Similar absorption lines were also observed by Hyodo e2809)
in a singleSuzakuwbservation. These features are therefore most
probably produced by absorption from photo-ionised gasoim
trast, no significant narrow negative residuals are visibthe time
averaged hard state spectrum, nor in the spectra from thedadl
hard state observations, with upper limits to the absolataevof
the line equivalent width as stringentass — 15 eV.

This one-to-one correlation of wind-absorption with atiome

6 The inclination of AX J1745.6-2901 was proposed to be70° by
Maeda et al. (1996). However, this value is a lower limit gi(i} it assumes
a 1 My main sequence companion and (ii) the eclipses should béngraz
On the other hand, an inclinatiok85° is not expected since the system
does not show the typical properties of accretion disc @<wurces (e.g.
White & Holt 1982). Since the companion stars in LMXBs areit¢gfly
evolved (and thus less massive than expected for a mainsegstar), and
this source displays relatively deep eclipses, we adoptemation angle
of 80°. In any case, we note that our results are not significanhedeent
on small variations of this orbital parameter.

7 See Appendix A of Bianchi et al. (2009; see also Ponti et &l2p) for
details on this procedure, which takes into account ernotheY” variable.
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state appears similar to that seen in the other well momitos-
tron stars, EXO 0748-676 (Ponti et al. 2014), and in Galddtck
hole binaries (Miller et al. 2008; 2012; Neilsen & Lee 2008nk
etal. 2012).

4.4 Fexxv and Fe xxvI absorption lineinter-observation
variability
In order to examine in more detail the variability of these ab
sorption lines, we fit the spectrum from each soft state ohser
tion with an absorbed single blackbody model plus two narrow
absorption lines:ghabs x (gaus+gaus+bbody) ). Such lines
have been observed in most high-inclination low-mass Xbiag-
ries and they are typically unresolved at the EPIC-pn CCDBlves
tion (Diaz-Trigo et al. 2006). Hoever, grating observasiarf such
features reveal typical widths ef few 102 km s ! for these lines
(Miller et al. 2008; Kallman et al. 2009). Therefore, at firate
fix the line widths of the Fexxv and Fexxvi absorption lines to
5 eV. For the measurement of absorption lines, we considgr on
the seven soft statEMM-Newtonobservations having clean ex-
posure times longer than 5 ks (see Tab. 3). The addition of the
two narrow absorption lines significantly improves the fiorte
pared to a simple absorbed blackbody model) frptn= 3333
for 2324 dof tox? = 2578 for 2296 dof. Clear residuals are
still observed at energies corresponding to thexke Kg and
Fe xxviI K@ lines. Addition of these two ionised narrow (with
width fixed to 5 eV) Fe K absorption lines to the spectral model
significantly improved the fit toe®> = 2334 for 2270 dof. The best
fit parameters of these fits are reported in Tab. 3. To testhehet
or not these lines appear resolved, we then tie the width lof al
the lines to a single value that is left free to vary. We obtain
best-fitting energy ot = 0.035 & 0.015 keV, corresponding to
v ~ 1400 £ 500 km s~'. However, we observe only a small im-
provement of the fit¥? = 2328 for 2269 dof, with associated
F-test probability0.018), suggesting that these absorption lines are
not (or are barely) resolved. Therefore, in the analysisftiilows
we keep the line widths fixed to 5 eV.

4.4.1 FeKline energies

The left panel of Fig[16 shows the best-fitting energies of the
Fe xxv Ka and Fexxvi Ka absorption features and the ex-
pected energies of the resonanceXe/I Ka and Fexxv Ka
lines and inter-combination Pexv Ka transitions (see also Tab.
B). No significant blue- or redshift is observed. Howevere doi
the finite energy resolution and the uncertainty on the gnsrgle
calibration of the EPIC-pn camera, only outflows with,; >

10® km s~! would be detected. Higher energy resolution obser-
vations (together with better energy scale calibratioe)thaus re-
quired to measure outflows that are typically observed iraGal
tic BHS (out ~ 10?7 — 10°> km s7'). Note that the Fexxv and
Fexxvi K3 absorption features are observed at the expected ener-
gies of these transitions (see Tab. 3).

4.4.2 Fe Kline equivalent widths

The middle and right panels of F[g. 6 show the observed elpriva
widths of the Fexxv, Fexxvi Ka and K3 absorption lines (see
also Tab[B). These four absorption lines are all signifiyate-
tected in the individual spectrum from each soft state oladiem,
with average equivalent widths in the range—40 to —15 eV. In
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cyan and magenta, respectively) as a function of the 8—1(flkeVIn all three panels the error bars indicate the one signt@rtainties (or limits).

contrast, from the single hard state spectrum we can oniyaler
stringent upper limits (see Figl 6 and Tab. 3). Within the stdte
observations, we observe no clear trend of increasing oedsing
line equivalent widths with 8-10 keV flux.

Figure[® shows that both the Kexvi Ko (middle panel) and
K (right panel) lines are typically more intense (15 — 20 %)
than the corresponding BV lines. The ratio between the equiv-
alent widths of the Fexxv and Fexxvi lines is a sensitive probe
of variations in the ionisation state of the absorbing higbhised

plasma. The left panel of Fifi]l 7 shows the Bev over Fexxvi
equivalent width ratios for both thedand K3 lines. A small scat-

ter between the different soft state observations is olksifat least

for the Ka transitions), suggesting that despite ionisation effects
being preseﬁt they do not play a major role here. In fact, no clear

8 Given the high densities expected within such ionised dfeserin bina-
ries, the recombination time is expected to be much shdréer the typical
time intervals between théMM-Newtonobservations.
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trend with flux is observed. This is probably due to the sigaii,
but small, variations of the 8-10 keV flux.

We also note that the & lines are less than a factor of 2
stronger than the correspondinggines. In particular, the Fexv

column density of the ionised absorber is consistent withgoeon-
stant between the different soft state observations [Jigd@e to
the high interstellar extinction towards AX J1745.6-29@/&, can-
not detect additional absorption lines (besides Fe K) amdénave

K@ lines have equivalent widths comparable to the correspond- can place only loose constraints on the plasma ionisaticanpeter.

ing Ko lines, for both Fexxv and Fexxvi. As shown for the
case of NGC 3516 (fig. 4 of Risaliti et al. 2005), these Re'fe
K3 ratios suggest high column densities for the absorbing unedi
(Nz210%% ecm™2) and high turbulent velocities of the order of
Vsurb ~ 500—1000 km s, Note that the Fexv and Fexxvi K3
lines could have a contribution from Mixvil Ka and Fexxv Kv,
respectively (see e.g., Hyodo et al. 2009). However thesssitions
have oscillator strengths significantly lower than the hgdte K3
transitions, therefore little contribution is expecteds@note that
the possible contribution due to these lines has been cenesidy
Risaliti et al. (2005).

5 PHOTO-IONISATION MODELS

To obtain realistic measurements of the ionisation stadecalumn
density of the absorbing ionised plasma, we now fit the oleserv
spectra with realistic photo-ionisation models. Therefae sub-
stitute the multi-Gaussian components with a single plhancsed
component. In such an analysis the relative strengths ofettieus
absorption features are tied together in a physical manner.

5.1 Fitswith the zxipcfmodel

For an initial, approximate description of the ionised apton,

Furthermore the soft stabéMM-Newtonobservations span only a
small range £ a factor or 2) in luminosity. Therefore we cannot
discriminate between a constant ionisation parametetgddines
in Fig.[d) and a scenario where the ionisation parameteesdini-
early with the source luminosity (as expected in the overpsified
case of a constant SED; see dashed line in[Fig. 9).

As a general comment, we note that thextxe and Fexxvi
Ka and K3 lines are typically well reproduced by thexipcf
component, suggesting that these lines are indeed produged
photo-ionised absorbing material. However, we note sicgnif
residuals in several of the individual soft state specttas Tight
be related to the small micro-turbulent velocity used to pota the
zxipcf table, compared to the high values suggested by the Fe
Ka/Fe K@ line ratios. Indeed, the earlier modelling with indepen-
dent Gaussian absorption lines resulted in significantttebdits,
suggesting that thexipcf component cannot fully reproduce all
the details of the observed ionised absorption (sed Fig. 8).

5.2 Characteristic soft and hard state SEDs

To compute a physically consistent photoionisation modetfie

Fe K absorption lines, the determination of the source flut an
spectral shape in the 7 to ~ 10 — 20 keV band is of primary
importance (see the blue shaded band in [Eiy. 10). Photoos bel
7.1 keV can not ionise the Fe K shell, therefore they can not pro-

we use thezxipcf model, assuming that the obscuring plasma is duce either Fexxv or Fe xxviI absorption lines. However, the

totally covering the X-ray sourcgthabs xzxipcfx (bbody).
This component reproduces the absorption from photo-éohims
illuminated by a power-law source with spectral indéx 2.2 and
is calculated assuming a micro-turbulent velocity of 200 &m
(Reeves et al. 2008; Miller et al. 2007). The addition of sach
component drastically improves the fihg* = 789.5 for 14 new
parameters) compared to the fit with a simple absorbed batykb
model (see Fig.18). We find best-fitting column densities fa t
photo-ionised plasma in the rangéy ~ 1 — 4 x 10%* cm™2
(see the upper panel of Fig. 9) and best-fitting ionisatiamme-
terslog(¢/1 erg cm s~ ') = 3.9 — 4.4 (lower panel of FigiB). The

© 0000 RAS, MNRASD00, [1-7?

physical properties of the ionised absorber (e.g. the pasmper-
ature) do also depend, albeit weakly, on lower and higherggne
photons. To determine the extension of the source emissiovea
~ 10 keV, we fit the hardest and softddtiISTARobservations of
the 2013 campaign to observe Sgr @dailey et al. in prep.). We fit
theNuSTARspectra over thd — 79 keV energy band (see the pink
band in Fig[B) with an absorbed disc blackbody model progdi
the seed photons that are Comptonised and generate a @ower-I
componentghabs x simpl xdiskbb; Steiner et al. 2009). This
allows us to constrain the emission from AX J1745.6-2901hin t
full X-ray band. As typical for the soft state (Lin et al. 2Q(Aant
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et al. 2014), the multi-temperature disc blackbody emissavell
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Figure 10. Modelsfor the typical intrinsic SED of AX J1745.6-2901 chgi
the soft (red line) and hard states (black line). The effettstervening
neutral absorption are removed for clarity. The key inggatli described in
Section[5.2 to produce the source SED are labelled. The drsadamon-
colour region indicates the energy band over which the SEDstrained
by theNuSTARbservationsE = 3—79 keV). The violet region highlights
the energy bandK = 7 — 15 keV) just above the Fe K edge, most critical
for producing Fe K emission lines.

ing the soft and hard states (Lin et al. 2007; Remillard & Mo€l
tock 2006). Optical and infrared observations of accrebtagk

constrained and a very weak and steep power-law component isholes and neutron stars in the soft and hard states showneeide

observed (see Hailey et al. in prep. for more details). Aeottisc
blackbody emission component is expected to be presenigluri
the hard state. Unfortunately, due to the significant Galaaib-
sorption towards AX J1745.6-2901, our data are not seesitiv
the disc emission during the hard state. We, therefore assum
fixed temperature of ;.. = 0.3 keV (e.g. Plant et al. 2014a,b).
We also check that the derived ratio between fluxes of theatidc
power-law components are within the typical range obsedted

for irradiation of the outer disc (Hynes et al. 2002; Migiiet al.
2010). To model this, we added a thermal (blackbody) commone
with temperaturd’sg_s = 15000 K andTgp—m = 7000 K for
the soft and hard state, respectively (Hynes et al. 20083lllj at
radio-to-infrared frequencies we added a contributiomfeocom-
pact jet, which is only observed in the hard state (Migliarak
2010). The soft and hard state SED are displayed with redlact b
lines in Fig[ 10, respectively.
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5.3 Self-consistent photo-ionised models

We prepared two ad-hoc tables (denoted.}Aand IA,.:q4) pro-
duced with the photo-ionization code Cloudy C13.00 (last de
scribed in Ferland et al. 2013). The model ingredients drethe
soft and hard SEDs presented in Sgct] 5.2; (2) constantrabect
densityn. = 102 cm™3; (3) ionization parameter in the range
log(¢/1 ergcms™*) = 3.0 : 5.0; (4) intervening column density
in the rangdog(Ng /1 cm™2) = 23.0 : 24.5; (5) turbulence ve-
locity veun = 500 : 1000 km s™*; (6) chemical abundances as in
Table 7.1 of Cloudy documentation.

We first fit the high quality soft state spectra with a model
consisting of simple blackbody emission absorbed by botl ne
tral material and by the soft state photo-ionised plasmaeﬁod
(model: phabs* IAs+bbody). To highlight the effect of the
ionised absorber, panel (a) of FI[J. 8 shows the data and hest fi
obtained with such a model, once the ionised absorber compo-
nent has been removed. In the same way, panel (b) of[Fig. 8
shows the data-to-model ratio. We show for comparison (pane
¢) a model consisting of simple blackbody emission absothed
both neutral material and by thexipcf component (model:
phabs*zxipcf+bbody).

Adopting the self-consistent absober model from Cloudy
(panel d) significantly improves the fif = 2458.7 for 2310
dof) compared to using thexipcf absorber (compared t¢? =
2543.3 for 2310 dof). In particular the fit is improved at the en-
ergy ranges corresponding to the Fe End K3 transitions; strong
residuals are no longer present at these energies. Howtleer,
fit is still statistically unacceptable (null hypothesisobability
p-value=0.016) because significant residuals are stillgoeqm
the 6 — 7.5 keV range, as well as an excess of emission above
~ 9 keV. In Section[4PR we observed a scaling of the ther-
mal blackbody temperature with luminosity, suggesting ecrex
tion disc origin for this emission, we therefore also attéerm
model the continuum by replacing the simple blackbody compo
nent with a multi-temperature disc blackbody component.oiye
tain a significantly worse fit (see panel d of Hi). 8) with thisdal
(phabs*IAxdiskbb; x* = 2589.7 for 2310 dof), and observe
strong positive residuals in the range 5.5 — 8 keV (panel e
of Fig.[8). Note that the disc blackbody model replaces the pr
vious excess abover 9 keV with a slight deficit. To check if
the~ 5.5 — 8 keV excess might be produced by a broad Fe K
line, we add adiskline (Fabian et al. 1989) component to the
model, representing the emission from a line reflected bycan a
cretion disc (panel f of Fid.18). We assume the line energyeto b
Eiine = 6.4 keV (the expected energy from neutral iron), the in-
ner and outer disc radii to b&, = 6 rg, rou: = 500 1y and a
disc inclination ofi = 80° (the disc inner radius is assumed to
bery, = 6ry ~ 12 km as measured in Section 4.2). We assume
the same disc power-law emissivity index (controlling thelial
dependence of the emissivity) for all soft state spectradidin
a best-fitting value of = —2.4. The addition of thediskline
component significantly improves the fif{ = 2309.6 for 2301
dof; see Fig.B). This model now provides a completely dtatily
acceptable description of the datayalue=0.45). The broad FeK
line component is significantly detected (see Eig. 11) witkéch

9 We fitted the photo-ionised plasma component with the IA rhéiste
ing the turbulent velocity either toy,,, = 500 km s~1 or vy =
1000 km s~ 1. Consistent results are obtained. However, assuming, =
500 km s~ ! leads to a slightly better fit. For this reason we, hereinadis-
sume such turbulent velocity for the ionised plasma.
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Figure 11. Best fit parameter values obtained when fitting
the seven high quality soft state spectra with the model:
phabs*IAx (diskbb+diskline), as a function of 8-10 keV
flux. (Top panel:)Logarithm of the ionisation state of the ionised absorber.
(Middle panel:)Logarithm of the column density of the ionised absorber.
(Lower panel:)Intensity of the broad Fe & emission line.

XMM-Newtonobservation, with an equivalent width in the range
EW ~ 80 — 200 eV.

We note that the best fitting parameters of the ionised absorp
tion component ¥, &) do not vary significantly if the continuum
is modelled with either a blackbody or a disc blackbody compo
nent, and are also independent of whether the broad ironidine
added to or excluded from the fit. The top and middle panels of
Fig.[13 show the best fit column density and ionisation patame
of the ionised absorber model.

Fig.[I1 shows that, as previously observed when fitting the
absorption features with simple Gaussians oriképcf model,
the ionisation level and column density parameters of trau}
ionised absorber model are consistent with being constamgal
all the soft state observations. No clear trends with lursitycare
observed.

5.4 Doesthewind disappear in the hard state because of
ionisation effects?

As shown in Section 10, the SED of AX J1745.6-2901 changes dra
matically between the soft- and the hard state. It is expeittat,
even if exactly the same absorbing material is present im&tates,

the variation of the source SED will change the ionised pkagm-
isation state. For example, an increase of the source |gitynio

the 8-10 keV band is expected to increase (possibly ovésiia)

the plasma ionisation, changing the intensities of the<¥e and

Fe xxv1 absorption lines, and vice versa for a decrease in the
source luminosity.

To check if this is indeed the case, we fist compute for each
soft state spectrum, from the best fit column density andsaiitn
parameter, the produgtx R? (wheren is the number density of the
ionised absorbing plasma at}, is its distance from the primary
source). In fact, a variation of the SED will change the iatien
state of the plasma, but it will leave the product R?2 constant
(unless the plasma undergoes a true physical variatiorthimthe
soft state observations, we observe this product to rentaistant,
with an average value of x R2 = 4.8 x 1032 cm™!. To test if the
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Figure 12. Spectrum of the hard state observation 0690441801, cochpare
with a model assuming the same ionized plasma observedgdilmnsoft
state (thus, constantx Rg), allowing only the ionisation state to respond to
changes in the shape and normalisation of the irradiatir@. Stis model
and the data are shown in the top panel, and the residuals fib é&ne shown

in the bottom panel. The model is clearly excluded.

absorber physically varied during the hard state, we fistae the
same observed product also for the hard state observailtathen
derive, given the observed SED, the absorbing plasma ibmisa
parameter for each hard state observation. In partichlamhighest
statistics hard state observatianesID: 0690441801) is expected
to have an ionisation parametieg(¢/1 erg cms™1) = 3.19. We
then fit this spectrum with the self-consistently ionisedaption
model fphabs*IAn.q*diskbb), imposing the expected ionisa-
tion parameter and leaving the column density free to vatwéen
the lowest and highest value observed during the soft skesterea-
tion. Even for the lowest column density observed duringsthié
state, the hard state ionisation model predicts, at sudsation
state, a very strong Fexv Ka line (see Figl_IR). The presence of
such a line is excluded by the data (note that the inclusiathef
broad disc line component does not change this conclusidms.
suggests that ionisation effects are not able to explaioliserved
behaviour and that a true physical variation of the ionidesbeber
between the different states is required.

6 CONCLUSIONS

The XMM-NewtorandSwiftmonitoring observations of the central
~ 15 arcmin of the Milky Way have detected several outbursts from
the accreting neutron star system AX J1745.6-2901, allgwato
measure the spectral evolution during both the soft and statds.
Nine XMM-Newtonobservations caught AX J1745.6-2901 in the
soft state and three in the hard state. Our main conclusiodisgs
can be summarised as follows:

e As is commonly observed in NS-LMXB, the persistent emis-
sion of AX J1745.6-2901 during the soft state is dominatedaby
thermal optically thick component, most probably due to tiul
temperature blackbody emission from the accretion disas pl
blackbody emission from the neutron star surface. This sionis
component is observed to vary in temperature with lumigcesitd
to keep its emitting area roughly constant. The hard statis-em
sion (outside of dipping intervals) is well described by avpolaw

component. The low luminosity of the thermal component is-co
sistent with the high-inclination of the system.

e The persistent emission in both the soft and hard state is hea
ily absorbed by a large column density of neutral mateNigl ~
1.9 x 10%® cm™2. Such a large column density is within a fac-
tor 2 of that observed towards other Galactic center sowal®g)
nearby lines of sight, such as Sgf And SGR J1745-2900, and is
consistent with remaining constant betweenXiM-Newtonob-
servations. This suggests that AX J1745.6-2901 is at (oinbgh
the Galactic center and that most of the obscuring columsitien
is due to the interstellar medium (outside of dipping inddsy.

e Highly significant absorption features due to thexses and
Fexxvl Ka and K3 lines are detected in the spectra from all nine
soft state observations. The ka&v and Fexxvi Ka lines have
typical equivalent widths oEW ~ —20 — 35 eV, very similar
to the equivalent widths of the corresponding Knes (EW ~
—15 — 30 eV). No absorption lines are observed in the hard state
(very stringent upper limits are measurddiV = — 5 — 10 eV).
This wind-Fe K absorber vs. state connection is similar tawtas
been observed in EXO 0748-676, the only accreting neutesriat
which the wind-accretion state connection has been irgatstil so
far (Ponti et al. 2014). Moreover, such behaviour closetgmbles
what is seen in accreting black hole systems, where windse(tr
by the same Fe K absorption features) are observed onlygurin
the accretion-disc-dominated soft states, and disappeargithe
hard states characterised by jet emission (Miller et al32Q012;
Neilsen & Lee 2009; Ponti et al. 2012).

e We observe the column density of the ionised matefia} (~
2 x 10%* cm~2) to be consistent with being constant within the
seven high-statistics soft staxdViM-Newtonobservations. More-
over, we do not observe any trends in thexxe1 /[Fexxv Ka and
K ratios, with the source — 10 keV luminosity, between the dif-
ferent soft state observations. This might be due to theivelg
small range of luminosities spanned by the source (lessaliac-
tor of 3) and/or be induced by saturation of the lines.

e Once the continuum and absorption components are fitted, a
broad positive residual remains betweers.5 —8 keV. This excess
can be reproduced by a standafd¥’ ~ 80 — 200 eV) Fe Ku
emission line from a standard{r= 6 rg, rou+ = 500 ry) accretion
disc seen at high-inclination. We note that because thesys
highly inclined, the Fe K line is highly smeared. High signal to
noise observations are mandatory to reveal the presenumitafrty
broad emission lines in other high-inclination systems.
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XMM-Newton
OBSID Rev START (UTC) EXP CLEXP STATE +g4 Fe—10 Fs_10 Threshold
(ks) (ks) (02 ergenr2s1) (cts™1)

0690441801 2622 2014-04-03 05:06:00 86.5 69.1 H 5.95 10.1 75 4. 3.5/0.24/1.5/0.65/0.5/1.5
0724210501 2525 2013-09-22 21:15:49 43.9 30.0 S 55.8 59.8 .7 21 10/1.1/1.4/5/3.8/1.5
0700980101 2519 2013-09-10 03:30:45 38.7 30.6 S 78.3 91.5 .5 33  13/1.5/1.4/7/5/1.5
0724210201 2514 2013-08-30 20:13:12 58.5 45.7 S 72.9 915 5 34 13/1.6/1.5/7/4.5/1.4
0694641101 2343 2012-09-24 10:16:44 41.9 35.6 Q b b 0.8
0694641001 2343 2012-09-23 20:20:07 47.9 40.8 Q b b 0.85
0694640301 2331 2012-08-31 11:20:26 41.9 35.5 Q b b 0.75
0674601001 2249 2012-03-21 03:30:40 2B.9 17.2 Q b b 0.7
0674600801 2248 2012-03-19 03:52:38 2.9 15.0 Q b b 0.7
0674601101 2247 2012-03-17 02:30:16  2B.0 9.8 Q b b 0.6
0674600701 2246 2012-03-15 04:47:06 15.9 0.1 Q 0.8
0674600601 2245 2012-03-1303:52:36 AL.5 7.4 Q b b 0.9
0658600201 2148 2011-09-01 20:03:48 93B.2 36.5 Q b b 0.9
0658600101 2148 2011-08-31 23:14:23 4p.9 41.9 Q b b 0.9
0604301001 2073 2011-04-0507:09:33 9D.7 28.7 Q b b 0.6
0604300901 2072 2011-04-03 07:52:07 4p.9 16.8 Q b b 0.6
0604300801 2071 2011-04-0107:48:13 4B.8 29.5 Q b b 0.7
0604300701 2070 2011-03-3007:44:39 4B.9 28.5 Q b b 0.6
0604300601 2069 2011-03-28 07:49:58 4B.8 24.9 Q b b 0.6
0554750601 1707 2009-04-0502:17:13 3.1 27.3 Q b b 0.6
0554750501 1706 2009-04-03 01:33:27 4.3 334 Q b b 0.65
0554750401 1705 2009-04-01 00:55:25 3p.9 27.5 Q b b 0.65
0511000401 1610 2008-09-23 15:15:50 6.9 4.4 D 0.15 0.23 0.10
0505670101 1518 2008-03-23 14:59:43 105.7 65.2 S 64.6 75.77.9 2 11/1.3/1.3/5/4/1.6
0511000301 1508 2008-03-03 23:25:56 6.9 4.4 S 72.4 85.0 31.1 12/1.5/1.4/5/3.7/20
0504940201 1418 2007-09-06 10:05:50 13.0 8.5 S 54.7 60.5 2 22. 12/1.2/1.5/4.2/3.2/2.5
0402430401 1340 2007-04-03 14:32:24 105.7 38.6 S 74.9 95.66.4 3 12/1.5/1.4/6/4.3/1.5
0402430301 1339 2007-04-01 14:45:02 105.4 59.6 S 78.2 99.07.9 3 12/1.4/1.3/6/5/2
0402430701 1338 2007-03-30 21:05:17 34.2 24.4 S 84.6 105 8 39. 12/1.5/1.4/6/4.3/2
0302884001 1236  2006-09-08 16:56:48 6.9 3.4 D 0.37 0.68 0.33 2/0/1.1/0.08/0.07/0.6
0302882601 1139 2006-02-27 04:04:34 6.9 4.0 H 8.02 13.7 6.28 4/0.001/1.2/0.9/0.6/5
0202670801 867 2004-09-02 03:01:39 135.2 75.2 D 0.21 0.38 18 0. 0.65
0202670701 866 2004-08-31 03:12:01 135.2 81.8 D 0.20 0.28 12 0. 0.6
0202670601 789  2004-03-30 14:46:36 134.4 27.2 D 0.37 0.68 33 0. 0.6
0202670501 788  2004-03-28 15:03:52 133.0 13.7 D 0.23 0.44 22 0. 0.6
0111350301 516 2002-10-03 06:54:11 17.3 7.6 D 0.44 0.87 0.43 0.55
0111350101 406  2002-02-26 03:16:43 52.8 35.8 D 0.11 0.19 9 0.0 0.6
0112972101 318 2001-09-04 01:20:42 26.7 18.2 Q b b 0.55

Table 1. A list of all XMM-Newtonobservations considered in this work. The columns of théetedport theXMM-NewtonOBSID, theXMM-Newton
revolution, the observation start date and time, the olasierv duration and the EPI@Nexposure time after cleaning, the source state (H=harel, Satsoft
state; D=detected (the source is detected but is still inspgince); Q=quiescent). The following columns givethe 6, 6 — 10 and8 — 10 keV observed
(absorbed) fluxes in units aD—12 erg cnm 2 s~1. b The fluxes of AX J1745.6-2901 during the observations inspéace ard’s_¢ v < 5 x 10714 and
Fs_10 kev < 8 x 10~ erg cnm 2 s~1. The last column shows, in order, the count-rate threshagigiied to select bursting, eclipsing and intense dipping
periods, the hard and soft count rates and the thresholddot st intense particle activity periods. A more exhawstiescription of the data reduction
and cleaning is provided in Section 29 Datasets used to compute the source background for therstudfaservationstExposure too short to compute a
meaningful upper limit on the flux of AX J1745.6-2901 (no smiemission is observed even in the uncleaned data).
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XMM-Newton phabs* power-law phabs* diskbb Ax?
OBSID STATE Ny r x2/dof N Tpes x2/dof x2/dof  PL-BB
(1022 cm—2) (1022 cm—2) (keV) (no Fe K)

0690441801 H 18.9£+0.5 1.854+0.05 1347.5/1259 15.6+0.4 3.3+£0.1 1372.9/1034 -63.3
0724210501 S 24.14+0.4 3.07 £ 0.04 639.8/332 17.3+£0.3 1.95 £ 0.03 425.4/332 202.7/192 223.1
0700980101 S 25.84+ 0.4 2.99 + 0.03 908.9/332 19.1 £0.3 2.00 £ 0.02 500.6/332 200.9/192 469.5
0724210201 S 25.6 £0.3 2.83 +0.03 986.7/332 19.2 £0.2 2.12+0.02 506.4/332 208.8/192 528.4
0505670101 S 25.8+0.3 2.97 £ 0.03 952.8/332 19.2+£0.2 2.00 £ 0.02 570.2/332 198.1/192 388.8
0511000301 S 25.7+ 1.0 2.96 +0.10 374.9/332 19.2 £0.7 2.01 £0.07 346.6/332 208.0/192 28.5
0504940201 S 25.5+0.7 3.09 + 0.08 429.0/332 18.6 £ 0.6 1.94 £0.05 374.1/332 194.1/192 55.8
0402430401 S 26.3 +0.3 2.82+0.03 813.0/332 20.0 £ 0.2 2.11 £0.02 499.4/332 193.0/193 349.6
0402430301 S 24.94+0.3 2.76 &+ 0.03 965.1/332 18.9+0.2 2.16 £ 0.02 577.1/332 202.6/192 349.5
0402430701 S 25.8+0.4 2.86 + 0.04 592.0/332 19.4+0.3 2.08 £0.03 405.9/332 163.8/192 192.2
0302882601 H 21.8+ 2.1 1.99 £ 0.20 247.1/246 178 £ 1.6 3.04 £+ 0.38 254.3/246 -2.5

Table 2. Best-fitting parameters for théMM-Newtonoutburst observations when fitted with simple phenomencébgontinuum models. The first two
columns report th&MM-NewtonOBSID and the source state (see Sediibn 3). The followingetieolumns report the best fitting neutral column density
and spectral index parameters and ff¢'dof obtained for an absorbed power-law moggt4bs +power). The following three columns report the neutral
column density, the disc blackbody temperature, the mininyd and the dof obtained for an absorbed disc blackbody madeils »diskbb). The ninth
column shows the? and the dof obtained for an absorbed disc blackbody medelifs »di skbb), once the Fe K bands(5 < E < 8.5 keV) is excluded
from the fit. The last column reports the differencexifi between the best-fitting absorbed power-law model minuddsefitting absorbed disc blackbody
model.

XMM-Newton phabs+bbody* (gaus+gaus+gaus+gaus)
OBSID Fexxv Ka Fexxvl Ka Fexxv KB Fexxvl KB
E (keV) EW (eV) E (keV) EW (eV) E (keV) EW (eV) E (keV) EW (eV) x? /dof

0690441801 Hi > =7 > —13
0724210501 S 6.69 4+ 0.05 —17.6 £ 7.5 6.94 4 0.02 —33.3+8.1 7.88 £ 0.05 —37.9 + 10.8 8.17 +0.02 —16.2 £ 13.0 319.1/324
0700980101 S 6.73 £ 0.04 —16.9 + 6.0 6.96 £+ 0.03 —31.0+ 6.7 7.93 £ 0.04 —16.5 £+ 9.0 8.22 + 0.02 —23.24+9.8 327.2/324
0724210201 S 6.75 + 0.04 —13.5+ 4.9 6.98 + 0.03 —20.1+5.5 7.88 £ 0.04 —17.2+ 7.5 8.24 + 0.03 —17.5 + 8.2 379.8/324
0505670101 S 6.64 £+ 0.02 —28.7+4.9 6.95 4+ 0.02 —32.4+5.6 7.83 £ 0.02 —25.2+7.8 8.17 + 0.02 —34.0 + 8.7 348.3/324
0402430401 S 6.68 + 0.02 —33.3+5.8 6.99 4+ 0.03 —23.24+6.9 7.87 £0.02 —26.3 £9.2 8.17 +0.03 —24.8 +10.3 321.8/324
0402430301 S 6.65 + 0.02 —26.9 + 4.8 6.94 £+ 0.02 —35.9+ 5.2 7.78 £ 0.02 —11.6 £ 7.1 8.17 £ 0.02 —25.2+8.1 339.3/324
0402430701 S 6.68 + 0.04 —22.8+7.1 6.99 £+ 0.02 —39.1 + 8.0 7.80 £ 0.04 —32.2+10.1 8.19 + 0.02 —27.3 +12.7 287.4/324

Table 3. Best-fitting model parameters obtained for the high stesistMM-Newtonsoft state spectra when fitting with the absorbed blackbddy four
Gaussian line modgbhabs*bbody* (gauss+gauss+gauss+gauss). The first two columns report thE§MM-NewtonOBSID and the state of the
source. The following 8 columns show the best-fitting eneagy equivalent width (or upper limit) for the Bexv Ka, Fe xxvi Ka, Fe xxv KB and
Fe xxvi Kp lines, respectively. All lines are significantly detectedeiach high quality soft state spectrum. Only upper limitst@nequivalent widths are
observed during the hard state observations (only the fomgel stateXMM-Newtonobservation is reported here). The last column reports dsé-fitting
x?/dof for the absorbed blackbody model plus four Gaussitifise hard state spectrum is fitted with an absorbed power-ladein
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