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ABSTRACT

We report on a~12 hr XMM-Newtonobservation of the supergiant High-Mass X-ray Binary IGR2I17—
5129. This is only the second soft X-ray (0.4-15 keV, in tlais&) study of the source since it was discovered by
theINTEGRALsatellite. The average energy spectrum is very similardgelrof neutron star HMXBs, being
dominated by a highly absorbed power-law component with @ghindex ofl" = 1.15'33.. The spectrum
also exhibits a soft excess belew2 keV and an iron K& emission line at 89+ 0.03 keV. For the primary
power-law component, the column density is1@23%) x 107 cm2, indicating local absorption, likely from
the stellar wind, and placing IGR J16207-5129 in the categbobscured IGR HMXBs. The source exhibits
a very high level of variability with an rms noise level of 64%1% in the 10* to 0.05 Hz frequency range.
Although the energy spectrum suggests that the system rnmhgre neutron star, no pulsations are detected
with a 90% confidence upper limit 2% in a frequency range from10™ to 88 Hz. We discuss similarities
between IGR J16207-5129 and other apparently non-pulgidtiiXBs, including other IGR HMXBs as well
as 4U 2206+54 and 4U 1700-377.

Subject headingstars: neutron — black hole physics — X-rays: stars — stangegiants — stars: individual
(IGR J16207-5129)

The 37 IGR HMXBs presumably contain either neutron
stars or black holes, but the nature of the compact object is
only clear for the 12 systems for which X-ray pulsations from
their neutron stars have been detected. Eleven of these sys-
tems have pulse periods ranging from 5to 1300 s, and the 12th
system has an unusually long period~a5900 s [(Patel et al.
2004). Another X-ray property that can be taken as evidence
for the presence of a neutron star is a very hard X-ray spec-
trum. Typically, neutron star HMXBs have X-ray spectra that
can be modeled with a power-law with a photon indek'efl
that is exponentially cutoff near 10-20 keV (Nagase 1989;
Lutovinov et all 2005). Although there are only a few known

1. INTRODUCTION

The hard X-ray imaging by thdNTEGRAL satellite
(Winkler et al. 2003) has been uncovering a large number of
hard X-ray sources. Sind&lTEGRALS launch in 2002 Oc-
tober, 550 sources have been detected by the IBIS instru
ment in the~20-50 keV band (based on version 29 of the
“General Reference Catalog”). Included in these souroes ar
236 “IGR” sources that were unknown or at least not well-
studied prior tdNTEGRAL An important result from théN-
TEGRALmission has been the discovery of a relatively large
number of High-Mass X-ray Binaries (HMXBs). There are
37 IGR sources that have been classified as HMXBs (and it
should be noted that about 1/3 of the IGR sources are still2lack hole HMXBs (e.g., Cygnus X-1, LMC X-1, LMC X-
unclassified). The IGR HMXBs are interesting both for the 3 M33 X-7), their X-ray spectral properties are similar to

the general class of black hole X-ray binaries with power-

large number of new systems as well as the specific prop- ; . .

erties of these systems. These include a new class of “SulaW_spectra withl'~1.4-2.1 in their hardest spectral state
pergiant Fast X-ray Transients” (Negueruela ét al. 2008) th (McClintock & Remillard. 2006). 1f black hole spectra show
are HMXBs that can exhibit hard X-ray flares that only last & Cutoff, it is usually close to 100 keV_(Grove etal. 1998),
for a few hours while the X-ray flux changes by orders of significantly higher than seen for neutron star HMXBs. How-
magnitude!(in 't Zand 2005; Sguera etlal. 2006). Many of the €Ver: it should be noted that evidence from the shape of the

IGR HMXBs are also extreme in having a high level of ob- sp;e_ctral fct%ntinutilm alc:cnt?] is usuallyttalgt_an t°n||3:' as an inclii—
scuration ly~10?-10** cm?) due to material local to the ~ ¢alion Of the natureé of thé compact object. For exampie,
source [(Walter et al. 2006; Chaty etlal. 2008). For both the TMXBS 4U 1700-37 and 4U 2206+54 both have continuum

SFXTs and the obscured HMXBs, it is thought that a strong X7y Spectra similar to neutron star HMXBs, but they are
stellar wind is at least partially responsible for theirrerte  considered to be only probable neutron star systems because

X-ray properties|(Filliatre & Chaly 2004; Walter ef al. 2006 Pulsations have not been detected. .
Walter & Zurita Heras 2007). In this study, we focus on X-ray observations of

IGR J16207-5129, which was discovered in the Norma re-
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gion of the Galaxy relatively early-on in tHS TEGRALmis-
sion (Walter et al. 2004; Tomsick et/al. 2004). Although it is
a relatively faint hard X-ray source at33+ 0.1 millicrab in

the 20-40 keV bancd_(Bird et gl. 2007), it has been consis-
tently detected byNTEGRALas well as in X-ray follow-up
observations byChandraand XMM-Newton(this work), in-
dicating that it is a persistent source. T@bandraobserva-
tion provided a sub-arcsecond position that allowed for the
identification of an optical counterpart with= 1538+ 0.03
and an IR counterpart withs = 9.13+ 0.02 (Tomsick et al.
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2006). Based on the optical/IR Spectral Energy Distribu-
tion, | Tomsick et al.[(2006) found that the system has a mas-
sive O- or B-type optical companion. Optical and IR obser-
vations confirmed this and indicate a supergiant nature for
the companion| (Masetti etigl. 2006; Negueruela & Schurch
2007; Rahoui et al. 2008), and Rahoui €tlal. (2008) estimated
a source distance of4.1 kpc. With further IR spectroscopy,
the spectral type of the companion was narrowed down to

Source Rate (pn c/s)

B1 la and a source distance ofl82 kpc was estimated B ‘ ‘ ‘ b ]
(Nespoli, Fabregat & Mennickent 2008). 26l ]
Our current knowledge about the soft X-ray properties of g ]
IGR J16207-5129 comes from tkdandraobservation that Y R
was made in 2005. This showed that the source has a hard 2 | ]
X-ray spectrum with a power-law photon indexiof 0.5*3¢, E ot aven sttt [ ]
and the source also exhibited significant variability ove t o Toomn T 20000 30000 20000

5 ks Chandraobservation| (Tomsick et gal. 2006). Based on Time (s)
these properties, we selected this target for followXigM- Fi. 1.— (a)XMM-Newtonpn 0.4-15 keV light curve for IGR J16207—
Newtonobservations to obtain an improved X-ray Spectrum 5359  The fime resolution is 50 s, and we have subtractedatbegbound
and to search for pulsations that would provide information contribution. (b) The light curve from the background regifter scaling
about the nature of the compact object. Here, we present thdo the size of the source extraction region. The solid lineksizhe low-
results of theXMM-Newtorobservation. background time segment used for spectral analysis.
is 0.40 c/s, but it is much higher at the end of the observation
2. XMM-NEWTONOBSERVATIONS AND LIGHT CURVE For the first 39 ks, the average background rate is 0.18 c/s,
We observed IGR J16207-5129 wikMM-Newtondur- while it is 1.9 c/s for the last 5 ks. We verified that the higher
ing satellite revolution 1329. The observation (ObsID countrate is due to proton flares by producing a pn light curve
0402920201) started on 2007 March 13, 8.27 hr UT and lastedfor the full pn FOV in the>10 keV energy band. The average
for 44 ks. The EPIC/pn instrument (Strider et al. 2001) accu-full-FOV count rate in this energy band is 0.33 c/s for thet firs
mulated~0.4-15 keV photons in “small window” mode, giv- 39 ks while it is 4.9 c/s for the last 5 ks. Thus, for the spéctra
ing a 4.4-by-4.4 arcminutdfield-of-view (FOV) and a time  analysis described below, we only included the portion ef th
resolution of 5.6718 ms. The mode used for the 2 EPIC/MOS exposure indicated in Figuleé 1.
units (Turner et al. 2001) is also called “small window” mpde  We also produced MOS light curves using a circular source
and for MOS, its features are a 1.8-by-1.8 arcmiAlR®V region with a radius of~35", and they show the same vari-
and a time resolution of 0.3 s. In addition to tKKIM-Newton ability and flaring as the pn light curves. We used the MOS1
data, we downloaded the “current calibration files” indécht and MOS2 pipeline event lists, and applied the standard fil-
as necessary for this observation by the on-line softwarke to tering (“FLAG=0" and “PATTERN<12"). In small window
ci fbuil d. For further analysis of the data, we used the mode, the active area of the central CCD is too small to use
XMM-NewtorScience Analysis Software (SAS-8.0.0) as well the data from this CCD for background subtraction; thus, we
as the XSPEC package for spectral analysis and IDL for tim- used a source-free rectangular region from one of the outer
ing analysis. CCDs as our background region. We also made MOS light
We began by using SAS to produce pn and MOS imagescurves using data from the full FOVs in thel0 keV energy
and found a strong X-ray source consistent with@andra band. They show that a large increase in the background level
position of IGR J16207-5129 (Tomsick etial. 2006). This is occurred simultaneously with the increase seen in the gh, an
the only source seen in the pn image, but for MOS, five of the for the analysis described below, we used the MOS data from
outer CCD detectors are active, and a few other faint sourceghe first 39 ks of the observation (i.e., the low-background
are detected. To produce a pn light curve, we used SAS totime indicated in Figurgllb). After background subtraction
read the event list produced by the standard data pipelinethe 0.4-12 keV MOS1 and MOS2 count rates in the source
We extracted source counts from a circular region with a ra- region during the low-background time are 0.50 and 0.51 c/s,
dius of ~35", which includes nearly all of the counts from respectively.
the source. For subtracting the background contributia, w  The third X-ray instrument oXMM-Newtonis the Reflec-
used the counts from a rectangular region with an area 3.5tion Grating Spectrometer (RGS). We inspected the RGS dis-
times larger than the source region located so that no pointpersion images that are used to extract spectra, but theee is
in the background region comes withif & the source. In  evidence that IGR J16207-5129 is detected. To determine if
producing the light curves, we applied the standard filgerin an RGS upper limit is constraining, we used the spectra ob-
(“FLAG=0" and “PATTERN<4") as well as restricting the tained using the EPIC instruments (see2Z83low) along with
energy range to 0.4-15 keV. an RGS response matrix. We find that, for the entire 44 ks ob-
The pn light curves with 50 s time resolution are shown in servation, we would expect the RGS to colle@2 counts and
Figure[1. While the average count rate after deadtime correc ~13 counts in the first and second grating orders, respegtivel
tion and background subtraction is 1.64 c/s, there is a verywhich, given the instrumental background, is consistett wi
high level of variability with count rates in the 50 s time bin  the non-detection.
ranging from 003+ 0.15 c/s to 76+ 0.5 c/s. The background
light curve after deadtime correction and scaling to the siz
the source region is shown in Figlide 1b. The background rate
also shows a high level of variability during the observatio
The average background rate for the entire 44 ks observation
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3. ANALYSIS AND RESULTS

- 50}
3.1. Timing ;

We used th&XMM-Newtoninstrument with the highest ef- 0l E
fective area, the pn, for timing analysis and started with th .
standard pipeline event list. We used the SAS tmalycen i

30 1

to correct the timestamps to the Earth’s barycenter for each
event. As IGR J16207-5129 is a HMXB that may contain a
pulsar, a primary goal of this analysis is to search for peri-
odic signals. We used the IDL software package to read in
the event list and make a 0.4-15 keV light curve at the high-
est possible time resolutiody\t = 5.6718 ms. We note that it ]
is important to use this exact value fat to avoid producing 1
artifacts in the power spectrum. Once the high time resmhuti O R AN PP ST PRTAOE o
light curve was produced, we used IDL’s Fast Fourier Trans- 000 002 004 006 008 010
form (FFT) algorithm to produce a Leahy-normalized power Frequency (Hz)
spectrum|(Leahy et al. 1983). The power spectrum extends

from 2.3 x 10°° Hz (based on the 44 ks duration of the obser- F!G. 2.— The lowest frequency portion of the Leahy-normalizesver

; ; spectrum for IGR J16207-5129 with a frequency binsize 88210 Hz.
Vatlon) t0 88 Hz (the Nyquist frequency)' The horizontal dashed line marks the 90% confidence detettiot (after

Part of this power spectrum is shown in Figlile 2. The accounting for trials). The full power spectrum extendstie Nyquist fre-
power is distributed as &> probability distribution with 2 quency of 88 Hz, based on the pn time resolution of 5.6718 mc,caly

degrees of freedom (dof), and we used this fact along with theexceeds the 90% confidence detection limit in the regionvb8l@5 Hz.
total number of trials, which is equal to the number of fre-
quency bins Kkrias = 3,839,999 in this case) to determine a

N
o

Leahy Power

detection threshold. Here, the 90% confidence detectiah lim 10000
is at a Leahy Power of 34.9, and this is shown in Fiddre 2. i
This limit is not exceeded at frequencies above 0.005 Hz, but 1000+ 1

there are a large number of frequency bins below 0.005 Hz
that exceed the limit. We suspect that this may be related to
low-frequency continuum noise; thus, we treat @005 Hz
case first.

The highest power that we measure in the 0.005-88 Hz
range is 33.4, which is just below the 90% confidence detec- i
tion threshold. We do not consider this as even a marginal 1L
detection, but we use this valu€y{,,) to calculate an up- :
per limit on the strength of a periodic signal. As described

100¢

(rms/mearfyHz

lO;

in lvan der Kli5 [(1989), the 90% confidence upper limit is e o
given byRy| = Prax— Pexceed WherePeyceeqiS the power level 0.0001 0.001 0.01
that is exceeded in 90% of the frequency bins. In our case, Frequency (Hz)

Pexceed= 0.2 so thatR,_ = 33.2, which, after converting to
fractional rms units using the average source and backgroun
count rates, corresponds to an upper limit on the rms noise
level for a periodic signal 0k2.3%. We also produced a (i e power-law) noise requires an extra step in the analy-
power spectrum with & x 10 Hz frequency bins, but we i Specifically, after producing another Leahy-nornealiz
still did not find any bins with power in the 0.005-88 Hz range hower spectrum, this time covering the 0.000023-0.05 Hz
with powers exgeedlng the 90% confldenlce upper limit. frequency range, multiplying this power spectrum by 2 and
To characterize the low-frequency noise, we produced ajyiging by the (re-normalized) power-law model leads to a
0.4-15keV pn light curve with 10 s time resolution, and made power spectrum where the power in each frequency bin fol-
a new power spectrum with a Nyquist frequency of 0.05 Hz. jo\ys 542 distribution with 2 dof ((van der Kli§ 1989). This
The new power spectrum consists of the average of powers jjjystrated by showing these power spectra in Figlire d, an
spectra from four-11 ks segments gf the light curve, giv- \ye can now search the powers in the bottom panel for periodic
ing a minimum frequency of.8 x 10 Hz. In addition, we  gjgnals. After accounting for the number of trials (i.e1 76
converted the power spectrum to rms normalization and re-fraquency bins), the 90% confidence detection limit is shown
binned the power spectrum so that the power in each bin fol- o jthough'there are no signals that reach this detectiort,limi
lows a Gaussian distribution, allowing for us to fit a model the maximum signal at 0.0089 Hz (112.56 s) is only slightly
to the power spectrum witly>-minimization. The resulting  pejow, We do not consider this to be even a marginal detec-
power spectrum is shown in Figuté 3, and the figure alsojon phutwe use the power in this bifmax= 19.2 to determine
shows that the power spectrum is well-described by & power-he ypper limit. Using the same procedure as described above

law model P = A(v/1 Hz)™*). We obtain a power-law in-  reqyits in an upper limit on the rms noise level for a periodic
dex ofa = 1.76+ 0.05, and the integrated rms noise level is gjgna| of<1.7%.

FiG. 3.— Red noise rms-normalized power spectrum for IGR J16207
129. The power-spectrum is fitted with a power-law (solie)i

649%+21% (0.000092-0.05 Hz). For the fit, thé = 436 for One caveat to the non-detection of a periodic signal is that
39 dof, indicating that the power-law provides an acce@tabl j; js possible for the power from a periodic signal to be sgrea
description of the power spectrum. out in frequency by orbital motion. This can happen if the du-

To search for a periodic signal in the presence of red r4tion of the observation is a substantial fraction of tHsitat
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FiG. 4.— (a) Leahy-normalized power spectrum for IGR J16202954ith FiG. 5.— XMM-Newtonpn and MOS energy spectrum for IGR J16207—
a frequency binsize of.2x 1075 Hz. The solid line is the power-law model 5129 fitted with an absorbed power-law. Residuals (lowerepatustrate
from the fit shown in Figurgl3. (b) Two times the data-to-madéb using the the presence of a soft excess. The pn points are marked wiitts pehile
data and model shown in panel a. The horizontal dashed lingssthe 90% the MOS1 and MOS2 points are not (upper and lower panels)trentine
confidence detection limit (after accounting for the numbktrials). The used for the pn model is dashed while the MOS model lines dic: (spper
strongest signal is at 0.0089 Hz (112.56 s), but it is noissizdlly significant. panel).

period. For IGR J16207-5129, we do not know the orbital
period; however, we do know that it is an HMXB and is ex- i
pected to have an orbital period of between several days and [t s e
several weeks. Thus, owr12 hr XMM-Newtonobservation I o

should cover only a small fraction of the orbit. 0.01Febit

Counts/s/keV

3.2. Energy Spectrum
3.2.1. Time-Averaged Spectrum

We extracted pn, MOS1, and MOS2 energy spectra using
the source and background regions and filtering criteria de-
scribed above, and we produced response matrices using the =<
SAS toolsr nf gen andar f gen. We obtained a total expo-
sure time of 27 ks for the pn and 37 ks for each MOS unit.
The exposure time is lower for the pn due to a higher level 56, 60 65 70 75 80
of deadtime. We rebinned the energy spectra by requiring at Energy (keV)
least 50 counts for each energy bin, leaving a pn spectrum , o
with 722 bins, a MOSL spectrum with 290 bins, and a MOS2 o i &R 1165675156 fited with an absorbed power-Rasidusls
spectrum with 298 bins. Although we use the 0.4—15 keV en- (jower panel) illustrate the presence of an iron line. Thepints are marked
ergy band for pn light curves, we restrict the spectral asigaly  with points while the MOS1 and MOS2 points are not (upper amet pan-
to 0.4-12 keV for the pn and MOS units as the calibrdtion els), and the line used for the pn model is dashed while the MO&e! lines
has focused on this energy range. are solid (upper panel).

We used the XSPEC software package to jointly fit the j, o5 | arge residuals are seen below 2 keV, suggesting

3 spectra with an absorbed power-law model. To accountyye hresence of a soft excess. We also produced pn and MOS
for absorption, we used the photoelectric absorption cross

; : spectra with a higher level of binning to study the iron K
sections from _Balucinska-Church & McCammon (1992) and : g ;
elemental abundances from Wilms, Allen & McGray (2000), region of the spectrum. The spectrum and residuals shown in

which correspond to the estimated abundances for the inter-glgukree\[/B indicates the presence of an iron emission line near

stellar medium. We left the relative normalization between
the instruments as free parameters, ang?aminimization

fit indicates that the MOS normalizations are slightly highe

(3%+1%) than the pn normalization. The absorbed power-
law model, with the best fit values dfy = 9 x 10?2 cm™ for

E ‘+ | ‘HF# | | | ;

o ANvoNnRO

o [T T

We refit the spectrum (going back to the lower level of
binning) after adding a Gaussian to model the iron line and
a second spectral component to account for the soft excess.
We tried different models for the second spectral compo-
nent, including a Bremsstrahlung model, a black-body, and

the column density andl = 0.97 for the power-law photon "5\ er jaw. In each case, the second component was ab-
index, appears to provide a good description of the SpeCtralsorbed, but we fixed\ for this component to the Galactic

continuum above 2 keV; however, the fit is not statistically 2 cm2 (D)

ot ' value, 17 x 10?2 cm™ (Dickey & Lockman 1990). We also
acceptable overall witly®/v = 1778/1305. The counts Spec- 50 'this level of absorption for the iron line. Adding thenir
trum and residuals for the absorbed power-law fit are shown|;na 414 using a Bremsstrahlung model for the second com-

6 A document on the pn and EPIC calibration ponent yields a much improved fit (over the power-law alone)
dated 2008 April by M. Guainazzi can be found at Of Xz/_’/ =1402/1300. The best fit Bremsstrahlung temper-
http://xmm2.esac.esa.int/docs/documents/CAL-TN-Q6df3 ature is 189 keV, which is approaching the upper end of the


http://xmm2.esac.esa.int/docs/documents/CAL-TN-0018.pdf
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Fic. 7.— XMM-Newtonpn and MOS unfolded energy spectrum for ""
IGR J16207-5129 with a model consisting of an absorbed ptame(dashed O 3
line), a less absorbed power-law to account for the softex¢dotted line), , Lo di
and an iron kv emission line (solid line). g osg E
) g oof- s -
range allowed by the XSPEC modal enss. We derive a T sk E
90% confidence lower limit on the temperature of 50 keV, in- 1o0f

dicating that if the soft excess is due to Bremsstrahlungemi ° 000 e 30000 40000

sion, it is rather hot. While it is tempting to take the high FiG. 8. IGR J16207-5120 light curves in 0.4-2 keV (a), 2-5 ke (b
Bremsstrahlung temperature as an indication that the gefte 4t 15 1oy (c) energy bands and the hardness vs. fime (@ifzethe
cess is non-thermal, using a black-body model for the sec-5-15 keV rate a€naq and the 2-5 keV rate &1, the hardness iharg—

ond component yields a fit of comparable quality,/v = Csott)/(Chard*Csott). The time resolution in each case is 100 s, and we have
1403/1300, and the black-body temperature.g.6 keV. Fi- ~ subtracted the background contribution.
nally, if a power-law is used for the second component, the

quality of the fit is identical to the Bremsstrahlung fi#,/v = Suftrzaﬁf\(/j gn Eli?(f;t\/cgrr:/(jesg,wli? kle({(/) :nteirrgi f:r?(ljgﬂogi Edlrtge&?
; +0.5 A ) £~ ; - :
1402/1300, and the power-law photon indexlis= 0.954. — ghows these light curves (panels ac) along with the hasdnes
Although the statistical quality of the fits does notallowas ¢ ‘ime (nanel d). The hardness is calculated using the irate
determine which model is the best to use for the second, soft, . 5_& ey and 5-15 keV energy bands (definecias and
excess, component, the fact that the power-law has a photo . :
index that is consistent with the valug(]gifound for the pri- %‘aéd’mrgsstpgﬁzﬁg )agggg'[dcl)?%igf&rdg?éoggév%e}%‘:&o{gé 2_
mary power-law component; = 1.157%5 (90% confidence gy oy and 5_15 keV light curves appear, suggesting that the
errors), suggesits that it may be possible to interpret tfie so variability is relatively independent of energy. Althoutite
excess as an unabsorbed portion of the primary componenty.iiciics’ are poorer for the 0.4—2 keV light curve, many of
and this possibility is explored further in §32. Thus, We 0 o445 in this light curve can be associated with bidsia
proceed by focusing on the model that uses the power-law l‘ori,[y in the higher energy light curves. A close inspection of
thgrﬁec(;)_?fd cortnponent. ts of th del with bsorb OIthe hardness (Figufé 8d) shows that the light curves do have
€ dierent components ot th€ model with an absorbed g, e energy dependence. While there are some exceptions,
power-law, a power-law with just interstellar absorptiand ¢, 1yt of the deepest dips, the spectra are softer, with the
an iron line are shown in F'QUE 7, and the model parameters, o qness being less than zero for many dips. In contrast, mos
are shown in Tablg|1. The primary power-law componenthasges are harder, with typical hardness values-0t2—0.3.
the value ofl" given above absorbed by a column density of While the sharp flare that occurs at a time-af6,000 s fol-

— 0.06 3 om—2
Nk = (L197559) x 10%* cm?, and the 0.5-10 keV unabsorbed lows the typical behavior, a notable exception is found ffier t

flux of the power-law componentisBx 107 ergs cm? s, flare seen in the first3,000 s of the observation, which has
which is a factor 0f~20 higher than the soft excess compo- hardness values between —1 arl
nent. The parameters of the narrow irom Kine are well- The same hardness values are plotted vs. the 2-15 keV

constrained. The energy of the line i88+0.03 keV, which  coynt rate (i.e., intensity) in Figufé 9, with each point-cor

is consistent with iron ionization states between_neuﬁfal)( responding to a 100 s time bin. In addition, we calculated
and~FeX (Nagase et al. 1986). The 90% confidence upperyyeighted averages in seven intensity bins, and these are als
limit on the width of the line is<0.12 keV. The line is clearly  ghown in the figure. At the high intensity end, the average
detected, but it is not extremely strong with an equivalent aydness is dominated by the softer flare at the beginning of
width of 424 12 eV after correcting the line and power-law  the ghservation. Then, the spectrum is harder at intermedi-

components for absorption. ate intensities before softening again below 1 c/s. We cal-
3.2.2 Spectral P i Intensit culated the expected hardness change if the variabilityés d
-£.2. Spectral Froperties vs. Intensity only to a change itNy, and the prediction dsy changes from

A caveat on the above spectral analysis is that the paramed.7 x 10?2 cm™ to 14 cm™? is shown in Figur€l9. The pre-
ters represent average spectral properties for a highighdar ~ dicted change in hardness is drastically larger than thegsna
source. As an initial look at how the spectrum changes with we observe, indicating that changiiNg cannot be the sole
flux level, we extracted deadtime corrected and backgroundcause of the variability.
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FIG. 9.— Hardness-Intensity diagram for IGR J16207-5129. Walus il
the 100 s time resolution light curves for the counts in th@5bkeV band 10 1 10
(Charg) and the 2-5 keV band{,s). The hardness is defined a84q— Energy (keV) Energy (keV)
Csoft)/(Chara+Csoft). In addition to the individual 100 s points, which are
grey in color, the averages in seven intensity bins are shtvenblack his- Fic. 10.— Unfolded pn energy spectra after dividing the data the
togram). The dashed line shows the hardness-intensitjoreship expected  following different intensity levels: (a) 4-8 pn c/s; (b)£2pn cfs; (c) 1-2 pn
if the change in count rate was due only to a change in columaitye c/s; and (d) 0-1 pn cfs. in each panel, the best fit partial rauyéraction

. . . . del lotted for all four intensity levels.
To investigate which spectral parameters do change with jn-medels are plotted forall four intensity levels

tensity, we used the 0.4-15 keV pn light curve to divide the pn While the Chandra position and the optical/IR spec-

and MOS data into spectra at four intensity levels: 4-8 pn c/s troscopy leave essentially no doubt that IGR J16207-5129

2—-4 pn c¢/s, 1-2 pn c/s, and 0-1 pn c/s. We used all of the dat : . _
from the first 39 ks of the observation and obtained pn expo—&fs an HMXB, it has not been entirely clear whether the col

sure times of 2.485 s, 6,177 s, 8.520 s, and 9,940 s and Moimn density is high enough to require that part of the ab-

. orbing material is local to the source or not. The only
exposure fimes of 3,412 s, 8,482's, 11,700 s, and 13,650 s fof, o gt X-ray measurement besides the one reported here
the four intensity levels, respectively. In fitting thesesipa,

we simplified the two power-law model by requiring the same is the Chandra observation, and_Tomsick etlal. (2006) re-
P b y requiring ported a value ofNy = (3.7:14) x 10?72 cm™ (90% confi-

I' for both power-laws, which is equivalent to using a model oo orrors) while many of the obscured HMXBs have col-
where a_fractlonf, of the power—law componentis absorbed umn densitieé in excess of #ocm™. When one considers
both by interstellar material and by the extra materiallé@a 5 e “and molecular hydrogen, the total Galactic column
the source, while a fraction, f-is absorbed only by interstel- density is near 2 x 1022 cm-2 (D’ickev & Lockman| 1990

lar material. Tabl&]2 shows the parameters obtained for theDameyHartmann & Thaddels 2001 Tomsick &t al ‘70083 SO

total spectrum and also for each of the four intensity lgvels : - :
and Figuré_1I0 shows the unfolded spectra for the four levels_g:lcaiglt?cns;irlgeasurement is only marginally higher than the

While we performed all of the fits with pn and MOS spectra, However. the value that we measure WXMM-Newton
Figure[10 shows only the pn spectra for clarity. is substantially higher, = (1 19998) x 107 cm2, which
One interesting result that we obtain from the spectral pa- is significantly in ex’cess 61‘ Eﬁg Galactic va{Iue To
ranjzeters shown in Tablé 2 is that, M = (6.4+0.4) x 1072 _check on whether the difference between tGhandra
cm .,.the column density for the highest Intensity level 'S" and XMM-Newton measurements is related to variability
significantly less that for the lower levels. This spectriam i in the column density. we re-analvzed tidandra spec-
dominated by the flare that occurs during the first 3,000 s of i,y ™ |y "oy previo)asChandra ar){alysis (Tomsickpet al
the observation, and this indicates that logr is the rea- 2006), we used the Anders & Grevésse (1989) rather than
son that this flare is softer. The parameters also indicate th Wilms, Allen & McCray {2000) abundances, and we fitted
there are two reasons why the spectrum is softer during th&, s o otim with only a single power-law. First, we find
deepest dips. First, the power-law index indicates that thethat when we use tHe Wilms, Allen & McCiay (2000) abun-

source gradually softens toward the lower levels, goinghfro dances and re-fit thehandraspectrum. we obtain a value of
I'=1.06+0.05at 4-8 c/s to BO+0.12 at 0—1 c/s. Secondly, N = (54%21) x 1072 o2 Whicph - alre'ady somewhat higher

the parameters and the spectra shown in Figute 10 indicaté - found in the previous analysis. Second, the quality of
that the flux of th_e soft excess does not decrease as much e Chandraspectrum does not allow for the detection of
the flux of the primary power-IaV\_/ component. Between 2-4 the soft excess, but we re-fitted tdandraspectrum after
c/s and 0-1 c/s, the flux of the primary power-law componentincluding a soft excess with the values N and T’ mea-
changes by a factor 0.5 0.5 while the flux of the soft ex- sured withXMM-Newton(see Tabl€]1). This fit gives values
cess changes by a factor 062-0.5. The iron line parameters for the primary power-law comoonent &f= 0.7 - 0.7 and
show that the equivalent width of the iron line is consistent Nu = 7 9p+4,4 N i/ozpz ent2. which apre both consistent'with the
with being constant while the flux of the line changes with vglues' |”r_13é<2';lsured WitKiMM-Newton

the continuum flux. Thus, theChandraspectrum allows for the possibility that
4. DISCUSSION IGR J16207-5129 is an obscured HMXB while tK&M-
Newton spectrum constraindly to be significantly higher
4.1.1s IGR J16207-5129 an Obscured HMXB? than the Galactic value, requiring that the source is an ob-
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scured HMXB. WithXMM-Newton we see that th&ly can millicrab compared to 3+ 0.1 millicrab for IGR J16207—
change, with the first 3,000 s of the observation hawng= 5129. The distance to 4U 1700-377 is estimated at 1.9 kpc
(6.4+ 0.4) x 10?2 cm?, while the Ny was about a factor  (Ankay et all 2001), so the ratio of fluxes for the two sources
of two higher for the rest of the observation. Thdan- would imply a distance of-15 kpc for IGR J16207-5129
dra spectrum is consistent with either level. Even at the if their 20—40 keV luminosities were the same, which is
highestNy seen byXMM-Newton the amount of local ab- at the very upper limit of the distance range derived by
sorbing material is certainly not as much as seen in someNespoli, Fabregat & Mennickent (2008). At the best esti-
of the most extreme systems like IGR J16318-4848, whichmate for the IGR J16207-5129 distance, 6.1 kpc, the lumi-
hasNy = 2 x 10%* cm 2. This is consistent with optical and nosity of IGR J16207-5129 would be about 6 times lower
IR observations which have shown P Cygni profiles, for- than 4U 1700-377. At a distance of 6.1 kpc, the aver-
bidden emission lines (indicating a supergiant B[e] s@éctr age IGR J16207-5129 20-40 keV luminosity id & 10%°
type), and IR excesses from local material for IGR J16318—ergs S, and the average 0.5-10 keV unabsorbed luminosity
4848 (Filliatre & Chaty 2004; Moon et Al. 2007; Rahoui €t al. is 1.6 x 10*° ergs §.
2008) but not for IGR J16207-5129 (Negueruela & Schurch Despite soft X-ray spectra that are similar to neutron star
2007; | Nespoli, Fabregat & Mennickent 2008; Rahoui et al. HMXBs, the nature of the compact object is still unclear
2008). for both 4U 1700-377 and IGR J16207-5129 because of
. ) ) the lack of X-ray pulsations. One reason that the black
4.2. Comparison to other HMXBs Lacking Pulsations  hole possibility has been taken seriously for 4U 1700-377
With the results of our timing study, IGR J16207-5129 is that the compact object mass has been measured to be
joins a relatively short list of accreting HMXBs that showye =~ 2.444+0.27 Mg (Clark et al.l 2002), which is significantly
hard energy spectra, resembling known neutron star HMXBs,higher than the values close to 1.4/Nheasured for most neu-
but that do not seem to exhibit pulsations (at least in the tron stars|(Thorsett & Chakrabaity 1999), and could indicat
expected frequency range). One example is 4U 1700-377that 4U 1700-377 harbors a low mass black hole. Obtain-
which has an extremely massive and luminous 06.5 laf+ com-ing a compact object mass measurement for IGR J16207—
panion in a 3.41 day orbit with the compact object. The 5129 would certainly be interesting and may be feasible as
properties of this source as seenXiMM-Newtorare remark- it is relatively bright in the optical and IR (see 81). Howeve
ably similar to those of IGR J16207-5129 (van der Meer et al. the mass measurementwould be challenging because accurate
2005). Light curves with 10 s time resolution show flares and spectroscopy would be required to measure the massive B1 la
dips where the flux changes by factors of at least 5 on ks timecompanion’s radial velocity curve. Rather than black holes
scales. While the spectral analysis was limited to the éaint these sources may harbor very slowly rotating neutron.stars
time periods because of photon pile-up, spectral fits shaw ad Several such X-ray binaries are known: IGR J16358-4726
rect component with a hard power-law inddx% 1.08-1.87  with its 1.64 hr pulsations (Patel et al. 2004); 2S 0114+650
for the “low-flux” spectrum, depending on the exact model with its 2.7 hr pulsations and B1 la spectral type (Farredlet
used) and a high level of absorptidd{(= 6.8 x 10°2 cm™ to 2008, and references therein), which is the same specpral ty
Ny = 2.0 x 1073 cm2) along with a soft excess. While the light as IGR J16207-5129; 4U 1954+319 with its likely 5 hr pul-
curves for 4U 1700-377 and IGR J16207-5129 are somewhasations |(Mattana et al. 2006); and 1E 161348-5055.1 with
unusual in their extreme variability on long time scales, it its likely 6.7 hr pulsations| (De Luca etlal. 2006). With our
should be noted that many pulsating HMXBs (e.g., Vela X-1 ~12 hr XMM-Newtonobservation of IGR J16207-5129, we
and GX 301-2) also show very similar energy spectra to thosecan rule out pulsation periods in thel-2 hr range but prob-
described here, with hard primary power-law components andably not in the> 4 hr range.
soft excesses (Nagase 1989). Another HMXB with a neutron star-like spectrum that
A comparison of the power spectra of 4U 1700-377 and has been well-studied without detecting pulsations is
IGR J16207-5129 show similarities also. The typical power 4U 2206+54. This system has an 09.5 V or 09.5 Ill com-
spectrum of an HMXB pulsar has 3 parts: A relatively flat panion (Rib6 et al. 2006) and a 9.6 or 19.25 day orbital pe-
portion at frequencies below the pulsation frequency; a re-riod (Corbet, Markwardt & Tueller 2007). Like IGR J16207—
gion where the pulsations, harmonics, and sometimes quasi®129, its X-ray emission is highly variable (Masetti et al.
periodic oscillations (QPOs) are observed, and a higher fre I2004), but its energy spectrum is significantly differehtys-
quency region where the power spectrum can be describedng no evidence for local absorption. Its 91 Hz power
as a power-law with a slope of 1.4-2[0 (Belloni & Hasinger spectrum is dominated by strong red (i.e., power-law) noise
1990; Hoshino & Takeshinla 1993; Chakrabarty ét al. 2001). (Negueruela & Reld 2001; Torrejon et al. 2004; Blay et al.
However, a uniform study of 12 HMXBs witBXOSATindi- 2005), which is similar to IGR J16207-5129 and 4U 1700—
cated that 4U 1700-377 (and, interestingly, Cyg X-3) dedat 377. However, for 4U 2206+54, the possible detection of a
from this pattern by showing only a steep power-law in the cyclotron line at~30 keV provides some additional evidence
0.002-1 Hz frequency range (Belloni & Hasirlger 1990), like that the compact object is a neutron star (Torrejon let al4200
IGR J16207-512¢. Belloni & Hasinger (1990) quote 0.008- Blay et al.l 2005). If confirmed, this would indicate that the
29 Hz integrated rms noise levels for 4U 1700-377 betweenlack of pulsations and the red noise power spectrum should
6 and 12%, and if we recalculate the IGR J16207-5129 noisenot be taken as evidence for a black hole. Rather, the non-
level for this frequency range, we obtain 11.7227%. detections of pulsations could be related to a system geome-
While there are many similarities between these two try where, e.g., the neutron star magnetic and spin axes are
sources, one possible difference is that the average luhearly aligned, or the non-detections could be due to spin pe
minosity of 4U 1700-377 is probably higher. To avoid riods that are longer than the duration of the observations.
model-dependent flux measurements, we compare the aver- Finally, it is worth noting that several IGR HMXBs be-
age 20-40 keV flux measurements madeMYEGRAL For sides IGR J16207-5129 have not yet shown X-ray pulsations.
4U 1700-377, Bird et al_(2007) quote a value of 2080.1 IGR J19140+0951 has similarities to IGR J16207-5129, with
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a B0.5 | spectral type, a high level of obscuration (although luminated by a central X-ray source (Matt 2002), and this is
the level depends on orbital phase), and a soft excess (sealso true for several other IGR HMXBs (Walter etlal. 2006).
Prat et all 2008, and references therein). IGR J16318-484&\Ithough it is not obvious that the matter in a stellar wind
(see 841) also has not exhibited pulsations despite a high will be cold (i.e., neutral), it has been suggested that timelw
level of X-ray variability that has been seen in several soft might be a clumpy two-phase medium with cool, dense re-
X-ray observations. Although the apparent lack of pulsetio gions that are responsible for the emission lines along with
may be due to the fact that the timing properties of these hot, highly-ionized regions (van der Meer et al. 2005, arfid re
sources have not been very well-studied yet, it is posditale t  erences therein). The partial covering model that we use to
the IGR HMXBs include a population of systems with black fit the IGR J16207-5129 continuum would also be consistent
holes or very slowly rotating neutron stars. with absorption of the X-ray source by a clumpy wind.

4.3. Soft Excess and Iron Line 5. SUMMARY AND CONCLUSIONS

The presence of a soft excess and emission lines are The XMM-Newtonobservation of IGR J16207-5129 con-
very common in both pulsating and non-pulsating obscuredfirms that it is a member of the group of obscured IGR
HMXBs. In addition to iron lines, some sources (e.g., HMXBs. We measure a column density = (1.19:3.98) x
Vela X-1 and 4U 1700-377) have emission lines from Si, 1023 cm2 for the average spectrum. We find that the column
Ne, etc. in the 0.5-3 keV range, making up at least part of density could have been that high during the only previous
the soft excess_(Watanabe etlal. 2006: Boroson et al.| 2003goft X-ray observation of this source wi€handra but a de-
van der Meer et al. 2005). Although our spectral analysis tajled spectral analysis of tiéMM-Newtondata shows that
does not allow us to definitively rule out other models be- N, can vary by a factor ofv2. We detect an iron line in
sides a power-law (e.g., Bremsstrahlung or black-body) for the energy spectrum, and its strength is consistent witht wha
the soft excess, the fact using a power-law leads to a poweris expected for a spherical distribution of material witle th
law index that is consistent with the value Dffor the pri- measureCNH around the Compact Object_ A|th0ugh the X-
mary power-law components allows for two possible physi- ray spectrum is similar to those seen from other neutron star
cal interpretations. One possibility is the partial comgrof — HMXBs with a hard primary power-law component and a soft
the power-law source by absorbing material (likely thelatel  excess, we do not detect the pulsations that might be expecte
wind), which is the scenario envisioned for the spectral fits jf the compact object is a neutron star.
described in §2.2. Another possible explanation is that the A detailed comparison between IGR J16207-5129 and an-
soft excess emission originates as part of the primary power other apparently non-pulsating HMXB, 4U 1700-377, shows
law component, but it is scattered in the stellar wind. Is thi strong similarities in spectral and timing properties. Mus-
picture, the fact that the soft excess has a much lower columnaply, the power spectra of both sources can be described as
density than the primary component would indicate that the 5 single power-law down to 1810 Hz. Since pulsating
photons that are part of the soft excess come from the edgg4MxBs show power spectra that break near the pulsation fre-
(i.e., within one optical depth of the edge) of the stellanavi  quency, it is possible that both of these sources harbor very

Although it is not clear whether any of the IGR J16207— sjowly rotating neutron stars (although the possibilitgttthe
5129 soft excess comes from emission Imes,. the fact that thQ:ompact object is a black hole cannot be ruled out entirely).
flux of the Fe kx line at 6.4 keV correlates with the overall \we note that several of the IGR HMXBs are either known
source flux (i.e., the equivalent width is consistent witihe  to harbor slowly rotating neutron stars or may harbor slowly
constant) is different from Vela X-1 and 4U 1700-377, which rotating neutron stars in cases where pulsations have eat be
both show lines with very large equivalent widths atlow lumi  detected. It is possible that in addition to uncovering obsd

nosities. Regardless of the presence (or not) of lower gnerg HMxBs, the HMXBs thatiNTEGRALIs uncovering tend to
lines in IGR J16207-5129, the energy of the iron line indi- ¢ontain slow rotators.

cates a low ionization state implies that the line origisate

cool material. One possible location for the cool matesal i

an accretion disk around the IGR J16207-5129 compact ob- JAT acknowledges partial support from National Aeronau-
ject; however, many HMXBs with strong stellar winds have tics and Space Administration (NASAMM-NewtonGuest
compact objects that accrete directly from the wind with lit Observer award number NNX07AQ11G. JAT thanks Nora
tle or no disk accretion. The equivalent width of 422 eV Loiseau of theXMM-NewtonUser Support Group, Joern
that we measure for the IGR J16207-5129 iron line is con- Wilms, and Peter Woods for helpful information concerning
sistent with simulations in which a spherical distributioh the XMM-Newtondata analysis. We thank an anonymous ref-

cold matter with solar abundances axg~ 10?3 cmi? is il- eree for useful suggestions on the spectral analysis.
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TABLE 1
SPECTRALRESULTS
Parameter Valife
Primary Power-Law Component
Nh (1.19'838) x 1073 cm2
r 115397
FpL (unabsorbed, 0.5-10 keV) .@B+0.10)x 10711 ergs cm2 st
Soft Excess
NH 1.7 x 10?2 cm 2 (fixed)
r 0995
FpL (1819 x 1012
Iron Line Parameters
NH 1.7 x 1072 cm2 (fixed)
Ejine 6.3940.03 keV
Tline <0.12 keV
Nine (1.6%33) x 107 photons cri? st
Equivalent Width 42412 eV
X2/ 1402/1300

aThe errors on the parameters are fox2 = 2.7, corresponding to 90% confidence for one parameters ostte
bThis is the equivalent width for the unabsorbed Gaussianrtative to the unabsorbed power-law continuum compsnent

TABLE 2
SPECTRALRESULTS WITH THEPARTIAL COVERING MODEL VS. INTENSITY
Value Value Value Value Value
Parameter (all rates) (4-8cls) (2-4 cls) (1-2cls) (0-1cls)

Partially Absorbed Power-law Parameters
Ny (X107 cm™2) 1.00°0.04 0.6440.04 114+0.06 131+0.09 124+0.13

-0.05
r 1134002  1064+005 1154006 1214008  130+0.12
fa 0.963+0.003 0964+0.008 0980+0.004 Q971+0.005  Q95133%
Fot 384907 112203 60692 33308 12208
FepL = FpLfC 3.70:397 108-+03 5.94'0:24 3.23+0.17 116/533

Fse=FpL(1- f)d 0.142+0.012 Q40+ 0.09 01240.02 0104 0.02 0060+ 0.013
Iron Line Parameters

Eiine (keV) 639+0.03  644+0.08  633+£0.05 6417057 6.39'0:2
Oline (keV) 0.06:5.33 0.06 0.06 0.06 0.06
Niine! 1692 4921 25198 10+06 048938
EW (eV) 421 44118 43118 32419 4453
x2/v 1402/1301 489/468 528/503 432/397 232/193

2Fraction of the power-law flux absorbed by interstellar mat@nd material local to the source. A fraction equal té is-absorbed by just interstellar material

(atNy = 1.7 x 10?22 cm2), leading to the soft excess seen in the spectrum.

bUnabsorbed 0.5-10 keV flux in units of 28 ergs cm? s72.
FppL is the unabsorbed 0.5-10 keV flux of the primary power-law ponent in units of 10t ergs cm? s™! and is derived fronfp. and f.

dFse is the unabsorbed 0.5-10 keV flux of the soft excess compamemits of 1011 ergs cm? s and is derived fronfp, and f.

€Fixed.
firon line flux in units of 10° photons cri? s,



