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ABSTRACT

We report on aChandra/HETG X-ray spectrum of the black hole candidate MAXI J13064. A rich
absorption complex is detected in the Fe L band, includingsitig-sensitive lines from Fe XX, XXI, and
XXII. Spectral analysis over three bands with photoiori@atnodels generally requires a gas density of
107 cm™3. Assuming a luminosity of. = 10°” erg s?, fits to the 10-14 A band constrain the absorbing
gas to lie withinr = 3.9+ 0.7 x 10* km from the central engine, or about 520490 (M/5 M) rg, Where
rg =GM/c?. At this distance from the compact object, gas in Kepleriesits should have a gravitational
red-shift ofz=v/c~ 3+ 1x 102 (M/5 M), and any tenuous inflowing gas should have a free—fall itgloc
of v/c~6+1x 102 (M/5 My)Y2. The best-fit single-zone photoionization models measuredashift
of v/c=26-3.2x 103 Models with two zones provide significantly improved fitsg tadditional zone is
measured to have a red-shiftwgfc =4.6—4.9<107? (models including two zones suggest slightly differentirad
and may point to lower densities). Thus, the shifts are Hyoamhsistent with the photoionization radius. The
results may be explained in terms of a “failed wind” like tagwedicted in some numerical simulations. We
discuss our results in the context of accretion flows aclwssiass scale, and the potential role of failed winds
in black hole state transitions.
Subject headings: Black hole physics — relativity — stars: binaries — physitath and processes: accretion disks

2008), as well as black hole state transitions (e.g. Miltex e
h 2008, Neilsen & Lee 2009, Ponti et al. 2012, Miller et al.
2012). Global studies of disk winds and their relationship t
jet outflows offer one important angle on this problem (e.g.
ing et al. 2013). Another angle is available when X-ray
spectra contain density-sensitive lines that can help ¢o-ac

1. INTRODUCTION

lonized X-ray absorption lines are now observed in hig
resolution X-ray spectra from a fairly large number of X-ray

rest wavelengths, and likely arise in the coronal intelestel
medium (e.g. Juett et al. 2006) or in ionized gas within the

binary (Diaz-Trigo et al. 2006). When such lines are signifi-
cantly blue-shifted, however, they likely trace outflowhigk
winds. lonized X-ray winds have now been observed in both
stellar-mass black hole systems (e.g. Miller et al. 2006a,b
Kubota et al. 2007; Miller et al. 2008; Ueda, Yamaoka, &
Remillard 2009; Neilsen & Lee 2009; King et al. 2012) and
in neutron star binaries (Ueda et al. 2004, Miller et al. 2011
These winds may eject more matter than is able to accret

onto the compact object, making their study essential to a

complete picture of disk accretion.

Understanding the physical mechanisms by which the

winds are launched, driven, and modulated may be key to re
vealing the physics of disk accretion itself (Miller et a20db6a,
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rately reveal the launching radius and mass outflow rateeof th

wind. In such cases, it is possible to distinguish thermigtdr

ing (e.g. Begelman, McKee, & Shields 1983) from magnetic
driving mechanisms (e.g. Blandford & Payne 1982, Proga
2003; also see Reynolds 2012).

Although He-like triplets and emission line ratios can give
gas densities, emission can originate in regions unretated

@ wind. This is particularly problematic in the case of AGN,

where illumination of the torus can give rise to He-like keifs
that do not necessarily reflect the state of gas closer to the
black hole. Spectra observed from X-ray binaries, in con-
trast, typically span a far narrower range in ionzation, and
is particularly unlikely that multiple regions may conuie
to a line spectrum in systems with low mass (e.g. solar mass)
companions. Robust wind constraints can be obtained using
the density-sensitive Fe XXII line pair (11.77A, 11.92Agse
Mauche, Liedahl, & Fournier 2003); blue-shifted detecsion
in the spectrum of GRO J16580 permitted strong wind con-
straints in that system, and a weak detection of the line pair
was claimed in NGC 4051 (Miller et al. 2008; King, Miller,
Raymond 2012). At higher densities, it is possible to use the
ratio of Fe XXI lines (12.259 A and 12.325 A) as a den-
sity diagnostics (see, e.g., King, Miller, & Raymond 2012).
Especially in X-ray binaries, the use of such lines is pattly
pendent on observing sources with a modest column density
through the ISM, in order to preserve flux in the Fe L band.
MAXI J1305-704 was discovered on 09 April 2012, at a
flux of 30 mCrab in the 4-10 keV band (Sato et al. 2012).
The low column density along this line of sight enables opti-
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cal observations in many bands, and a counterpart was soofitg_create_mask”, “tg_resolve_events”, and “tgextraahd
identified (Greiner, Rau, & Schady 2012). It is particularly responses (using “mkgrmf” and “fullgarf”), until agreenten
notable that the source colors, optical spectrum, and hardvas found between opposing first-order spectra in both the
X-ray rise are very similar to the properties observed from MEG and HEG. The “add_grating_orders” tools was used to
the well-known black hole XTE J11#880 (Greiner, Rau, = combine the first-order MEG and HEG spectra and responses
Schady 2012; Charles et al. 2012). MAXI J13094 was prior to analysis. One arm of the HEG is truncated owing
also quickly detected in radio bands (Coriat et al. 2012)s Th to the offset pointing, and the remaining arm lacks the sensi
is also weakly suggestive of a black hole system, as blacktivity for line studies in the Fe K band. The collecting area
holes appear to be more luminous in radio than neutrons staref the MEG is higher than the HEG in the Fe L band even
(Migliari & Fender 2006). Suwa et al. (2012) noted that out- in a nominal observation. For these reasons, the analysis be
burst evolution and states observed from MAXI J13084 low is restricted to the combined first-order MEG spectrum of
are also suggestive of a black hole, but cannot rigidly edelu ~ MAXI J1305-704.
a neutron star. The source has been observed to display X- Zeroth order spectra and response files were extracted us-
ray flux dips (see, e.g. Kuulkers, Motta, & Belloni 2012), ing the “specextract” script. The entirety of the zerothesrd
indicating a relatively high inclination, and permittingb& image was extracted using a large elliptical region. As ex-
nary period measurement of/d+ 0.04 hours (Shidatsu etal. pected based on the source image, fits to this extractioalreve
2013). Thus, although there are indications of a black hole,the effects of photon pile-up, most promininently in thetig
the distance to MAXI J1305704, and the nature of the com- energy band where artificially—-summed events are registere
pact object are currently unknown. as single photons. While the continuum is affected, the cen-
A snapshot exposure witBwift detected an Fe K absorption troid energy of absorption lines is robust against pilean
line in the persistent emission of MAXI J136%04, as wellas  this later serves as a check on the results obtained from the
some preliminary indications for absorption in the Fe L band dispersed spectrum.
(Miller et al. 2012b). We then requestedChandra observa-

tion with the particular aim of detecting a disk wind and Fe 3. ANALYSIS AND RESULTS

XXII absorption lines. A preliminary report on tiéhandra 3.1. Light Curve
spectrum is given in ATEL 4191 (Miller et al. 2012c). As noted above, MAXI J1305704 is known to be a “dip-
2. OBSERVATIONS AND DATA REDUCTION ping” source, based on numero8saift observations. Flux

. dips are most often observed in systems in which the line of
MAXI J1305-704 was observed witBhandra for 30.0 ks sight is close to the plane of the accretion disk, likely aign

starting on 2012 August 02 at 12:22:17 (UT). The incident ing that the dips are caused by material just above the outer
flux was dispersed onto the ACIS-S array using the HETG. 3, (e.g. Diazp—Trigo et al. 200%). This line of sight is fort
The ACIS array was operated in the “faint” data mode as theitous for efforts to study equatorial winds (Miller et al.(b,
source was not as bright as many X-ray binaries, which of- 5q48. ponti et al. 2012). We therefore extracted and exam-
ten require the array to be operated in “continuous clocking ;0" the jightcurve of the dispersed spectra. Using “dmex-
mode. The observation was executed using the MAXI co- tract”, we extracted the first-order MEG and HEG events in

ordinates (13h 05m 39.9s70° 24’ 54% Sato et al. 2012).  y,.°9'3 19 g keV range, and summed the light curve into 10's
However, an improved source position was later obtained in 3pjins for visual clarity (see Figure 1). The flux is found to de-

E’:g;gi%'g? ggfg)rvgr?]%r; ('}h3eht?u6en;(?3f§(§§(?;iﬁgn?slfpio rox Crease by a factor a2 in the final few kiloseconds of the ob-
mately 6.7’ from the positi(’)n at whicBhandra pointed. The servation, with marginal evidence of a short, weak dip event
roll anglé of the observatory was fortuitous however. v t about 28 ks into the observation, lasting less than 1 ks.elf th

! ' slow decline at the end of the observation is the start of a dip

Zosuéﬁ‘e was not only imaged on the ACIS-S array, but on the et it is much weaker than the strong, sharp dips reported
P . . N by e.g. Kennea et al. (2012), and unlikely to have a strong
All of the Chandra-specific data reduction tasks in this pa- impact on the spectrum. We therefore proceeded to analyze

per were performed using CIAO version 4.4.1 and the latesty, ¢ i averaged spectrum gathered from the etigndra
associated calibration database files. Other tasks weoemcc observation

plished using the tools and calibration files available ia th
HEASOFT suite, version 6.12. Spectral fits were made using 3.2. The First-Order MEG Spectrum

XSPEC version 12.7.1 (Arnaud & Dorman 2000). The spec- . . :
trum is extremely sensitive so we employgfifitting statis- We considered t_he combined f|§t-order MEG _spectrum of
tics and calculated significance levels using the F-test. Al MAXI J1305-704 in the 8-19.5 A band, and in selected

errors quoted in this work correspond te donfidence limits.  Slices of this range. This full band is clearly dominated by
The zeroth order image of MAXI J136304 is extended ~ Strong — and sometimes blended — Fe L absorption lines. At
into an elliptical shape owing to its off-axis position. We longer wavelengths, the spectrum is attenuated by intienste

therefore investigated whether or not the automatic pces absorption. At shorter wavelengths, there are sharp clsange
ing used to create level-2 event files had correctly identifie IN the instrument response owing to the off-axis nature ef th
the centroid of the zeroth order image. Owing to the fact SOUrce position, and resulting consequences for chip gaps a
that this position is used to set the wavelength grid for the pther features. Though this is a limited band and there is ev-
MEG and HEG spectra, the wavelengths of strong lines in idence of absorption in e.g. the 6-8 A band as well, the 8—
opposing spectral orders (e.gtl and-1) can be used to  19.5 A band effectively captures the Fe L absorption seen
check the zeroth order position. Discrepencies in the wave-with Swift.

lengths of strong lines were found, and so we iteratively ad- The spectral continuum is not the focus of our investiga-
justed the position of the zeroth order, produced new eventtion; we regard the continuum as largely fiducial as the large
files, spectral files (using “acis_process_events”, “tgdit offset pointing may cause flux calibration uncertaintieswH
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ever, a few notes are required. All spectral fits to the MEG & Fournier 2003). Even visual inspection of the lines con-
spectrum were made using the “tbabs” absorption model withfirms that the 11.92 A line is stronger than the 11.77 A line
corresponding atomic cross-sections and abundances $Wilm in the spectrum of MAXI J1305704, in contrast to the ra-
Allen, & McCray 2000). The effective neutral hydrogen col- tio found in GRO J165540 and NGC 4051 (King, Miller, &
umn density along the line of sight to MAXI J136B04  Raymond 2012). We constructed a crude power-law model of
is very low and difficult to constrain; however, a value of the continuum in the 11.2-12.7 A band and characterized the
Ny = 1.6 x 10°* cm™ permits a reasonable characterization of apsorption with Gaussian functions in order to make fits ¢o th
the low-energy spectrum. This value was fixed in all fits. The Fe XXII lines. Via the Gaussian fits, the BR /11.77 flux
MEG spectrum is dominated by soft, thermal emission that ratio exceeds 1.6; CHIANTI simulations presented in Figure

can be fit with &T ~ 1 keV disk blackbody model (Mitsuda 4 of Miller et al. (2008) show that this requires a density of
etal. 1984). A hard spectral component is required and wasy, < 10t5cn2.

characterized with a simple power-law model; the speatral i
dex of this model depends on the band under consideration. 3.3. Photoionization Modelin
Over the 8-19.5 A range, a soft indexbf> 3 yields good ] - ) 9
fits. This continuum is broadly similar to that observed in ~ Owing to the complexity of the observed spectrum, we cal-
GRO J165540 when a dense, ionized, magnetically-driven culated a large grid of photoionization models using XSTAR
wind was detected (Miller et al. 2006b, 2008; Kallman et al. Version 221bn15 (Kallman & Bautista 2001). Based on our
2009; also see Neilsen & Homan 2009 and Neilsen 2013),broad-band spectral fits, we calculated models assuming a
and also similar to the soft, disk-dominated continua faamd ~ Simple, unabsorbedT = 1.0 keV spectrum incident upon the
winds were launched in H 174322 (Miller et al. 2006), GRS  gas, with a luminosity of = 1.0 x 10°” erg s*. The detection
1915+105 (Ueda et al. 2009), and IGR J1763624 (King et of flux dips inSwift monitoring of MAXI J1305-704 demands
al. 2012). Last, we found that two broad 0.1 keV) Gaus- a high inclination; an equatorial wind or flow is also indieat
sian emission functions with centroids between 0.7-0.8 keV by the lack of strong, narrow emission lines. Their absence i
and 1.2-1.3 keV generally improved the fits. These lines werdicates the lack of dense material above our line of sight tha
also detected in Suzaku spectrum of MAXI J1305704 (Shi- could reprocess the X-rays and contribute emission lines. F
datsu et al. 2013). They are broadly similar to lines regbrte simplicity and consistency with other sources (see, e.iggK
in compact X-ray binaries by Madej et al. (2010) and Madej et al. 2013), our XSTAR models assumed a covering factor of
& Jonker (2011), and interpreted as relativistic disk linée Q /47 = 0.5. Solar abundances were assumed for all elements
suggest that relativistic O VIIl and Fe L lines may provide a and all models. Numerous tests indicated that a turbulent ve
reasonable interpretation of the lines we have detectsd (al locity of v= 700 km/s gives the best description of the data,
see Shidatsu et al. 2013). They are adequately fit with Gaus-and this was then assumed in all models.
sians and we defer more detailed analysis in order to focus on As noted above, when the density-sensitive Fe XXII lines
the rich absorption spectrum. are modeled with Gaussian functions, their ratio~ofl.6

Fits to the 8-19.5 A band with kT = 1.0 keV disk plus  implies a density of at least > 10> cm™® (Miller et al.

blackbody and power-law model do not give formally accept- 2008). Nevertheless, in order to test the sensitivity of the
able fits, but do allow for a basic flux characterization. Us- SPectrum to different densities, we constructed models wit

ing this model, a flux of =3.1x 10° ergcm2stisim-  n=10%10"10",10% 10" and 10° cm™. The models
plied for the 0.3-10.0 keV band. The source is not positionedwith n < 10** cm™ produced poor fits to the spectrum of
close to the Galactic Center, but the distance to Galactic Ce  MAXI J1305-704. In particular, those models over-predicted
ter is a useful benchmark. This flux gives a luminosity of many Fe L lines, and predicted Fe XXIl lines where the
L =2.7x 10°(d/8.5 kpc} erg s1. Thus, even for fairly large  11.77A line was much stronger than the 11.92A line. We
distances, the luminosity of MAXI J136%04 is unlikely to therefore constructed a grid of 8000 models using a com-
greatly exceed = 10°7 erg s, and this value gives a useful ~puting cluster, spanning@< log(¢) < 4.0, 5x 10% cm2 <
standard for eventual scaling when the distance is known. Ny <5x 10?2 cm™?, and 16°cm™ < n< 10® cm3,

Unlike H 1743-322 and IGR J170913624, where only We explored fits over three different wavelength regions,
two lines are detected in the Fe K band, and unlike GRO selected to focus narrowly on the Fe XXI and Fe XXl lines
J165540 and GRS 1918105, where a high ionization pa- (11.2-13.2A), to include the Fe XXII lines and nearby Fe L
rameter spurred absorption across the full soft X-ray band,ghe| lines (10.0-14.04), and the full MEG first-order band
the absorption in MAXI J1305704 is strongly concentrated ., qigered in this work (8.0-19.5A). In the narrow bands, th
in the Fe L band, near to 1 keV (1 kew 1 A =12.39852),  continuum was fit with phenomenological power-law mod-
though Fe K absorption is also evident. Thus, whereas phexs; in the last (widest) band, more physical disk blackbody
nomenological modeling of the absorption lines with simple ang power-law models were combined to describe the con-
Gaussian functions was sensible in other sources, the presgnyum. In each case, the corresponding emission line spec-
ence of multiplets and line blends limits the utility of sim- {rym generated by XSTAR was added to the continuum, with
ple Gaussian functions in describing the spectrum of MAXI n N ¢ andv all fixed to the values deterined by the absorption
J1305-704. Moreover, in this situation, the transition that one component. The addition of the corresponding emission line
might assign to a given line can depend on the gas densityspectra does not substantially alter the fits; it is simplysam
and ionization, which requires careful modeling of numerou  syre taken to ensure internal consistency. The resulteséth
lines using a self-consistent model. fits are given in Table 1. The lines that contribute most to

The density-sensitive Fe XXII lines at 11.77 A and the absorption spectrum are given in Table 2. Fits to specific
11.92 A are important exceptions. The ratio of these lines iswavelength ranges, and comparisons between specific mod-

a density diagnostic far > 10*2 cm (e.g. Mauche, Liedahl, ~ €ls, are shown in Figures 2, 3, and 4.
In all fits with a single-zone photoionized absorber, the
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spectrum requires a very high density.
14 A region, for instance, Model :1E 641 x 1017 cmi®)
is a 570 improvement over Model 7 (density fixed at=
1.0 x 10 cm™®). Some lines — especially the cluster near

In fits to the 10—

J. M. Miller et al.

spectra of confirmed black holes such as XTE J¥4B®
(e.g. Charles et al. 2012). This distance corresponds to
r = 1300+ 200 GM/c? assuming that the compact object is
anM = 2.0 M, neutron star, or = 5204+ 90GM/c?, assum-

to 13A — appear to require an extremely specific set of pa-ing anM = 5M, black hole primary. . -
rameters, and are therefore better modeled in fits to a narrow In each wavelength range, we also considered fits with two

wavelength range. The O VIII Ly+ and Ly+3 lines are gen-
erally fit poorly by the models that fit the Fe L shell lines
well. It is possible that a lower density and higher ionziati
absorber can fit these lines better. However, fits with a sing|
zone where log(n)= 18, although they do push to la9(> 4,

absorbing zones (see Table 1, and Figures 3 and 4). These
models yielded enormous statistical improvments. In fits to
the 10-14 A range, for instance, the best—fit two—zone model
(Model 8 in Table 1) is an enormous- £ 80) improvement
over the best-fit single—zone model (Model 5). A direct com-

are worse than Model 5 (see Table 1) by a margin of severalparision of these models is shown in Figure 3. The specific ef-
hundred iny?. Therefore, it appears possible that abundancefect of the velocity shifts is shown in Figure 4. Most notably

variations may account for the poor fits, rather than inatrre
descriptions of the density and ionization. It is also plossi

in each wavelength range, the second absorption zone is more
strongly red-shifted, with values approaching = 0.05 (see

that a model with a large number of absorption zones, or aTable 1). .
continuous range of zones, might be able to fit both the Fe L The XSTAR code we have used does not include the re-

lines and O VIII lines without abundance variations.

The photionization models are driven toward very high den-

cent results on the suppression of dielectronic recomioimat
at high densities by Nikolic et al. (2013). The recombinatio

sity values partly by the need to fit other density—sensitive rates of the Fe L-shell ions are reduced by factorsi¢f at

lines. Just as Fe XXII absorption can reveal the presencedensities above 0cm

of the excited fine structure Ievelp22P3/2, providing den-

sity measurements in the ¥0to 10'° range, the population
of the 2p? D and'S levels of Fe XXI and the @ 2D and

2P levels of Fe XX provide diagnostics for densities above
n> 10 cm™3. The Fe XXI lines (12.259 A and 12.325 A;
see Table 2) are more prominent in the spectrum of MAXI
J1305-704. Their utility of Fe XXI lines was initially demon-
strated in King, Miller, & Raymond (2012), though in that
work the sensitivity to densities below= 10"* cm™ comes
from the 202 3P, level, which has a lower critical density than
the 202 1D, level that is important for MAXI J1305704.

3, and since the ionization parameter
determined from the spectral fits is determined largely lgy th
relative fractions of these ions, the ionization paramétisr
even smaller than the values given by the fits. That would im-
ply that the values of quoted in Table 1 should be increased
by a factor of\/(2); however, this is easily within the uncer-
tainty in the X-ray luminosity.

Several effects can potentially contribute to the breadth o
the absorption lines in the spectrum of MAXI J130®4,
including a degree of instrumental broadening (see below).
Given the small absorption radius inferred from even sirgle
zone fits, it is interesting to consider whether or not tatigén
velocities have been encoded into absorption. Doppléet—spl

Whereas fits with Gaussians are unable to determine the reltine pairs are not typically seen in X-ray absorption as the

ative contributions of Fe XXI and Ne X Ly-series lines in his

central engine is taken to be a point source compared to the

range, the XSTAR photoionization models can do this self— absorbing region. Simple arguments show that shiftg of-

consistently. Contributions from the Fe XX and Fe XXl lines
listed in Table 2 are partly responsible for the statishjcsip-
nificant improvements found in in Table 1, when comparing
single—zone models with > 10" cm™ to those with a fixed
value ofn=10' cm3.

In order to be sure that the fitting process did not miss
subtle minima that would have permitted a low value for

hsin(@)/w*? are expected (wheteis the size of the hard x-
ray central enginey is the size of the wind launching region,
and @ is the inclination angle measured relative to the disk
normal). Standard disk models predict that emissivity drop
sharply with radius (Shakura & Sunyaev 1973), and new work
suggests that coronae are also centrally—concentratgd (e.
Reis & Miller 2013). Takingh= 10GM/c? andf ~ 60°, shifts

the gas density, we explored a broad range of fits. Gridsofy =400 km/s are expected. This is broadly consistent with

of 25 pairings of column densityNy; = 5.0 x 10°%,1 x
10725 x 1072,1 x 10735 x 10?2 cm?) and the ionization
parameter (lo§g= 2.5,3.0,3.5,4.0,4.5) were fit to the 10—
14 A range, for four different values of the gas density
(n=10'3,10*,10'%, 10 cm™3). The results of this check are
displayed in Figure 5. The size of the plotting symbol in Fig-
ure 5 encodes the change in the fit statish¢y?), for each of
the 100 different points considered. Clearly, plausiblelgis
with lower density simply do not give fits as good as models
with high values of the gas density.

The distance between the central engine and the absorbin

gas is contained in the definition of the ionization paramete
¢ =L/nr?. If we take the model for the 10-14A range as rep-
resenativer =3.940.7 x 10° cm orr =3.94+0.7 x 10° km.
Nominally, this radius does not rigidly exclude a geometry
like the boundary layer on an accreting white dwarf; howgever
this explanation of the absorption region is unlikely gitka
similarity of optical spectra of MAXI J1305704 to optical

the width of the lines detected in MAXI J136%04, and also
consistent with the turbulent velocity assumed in our XSTAR
models ¢ = 700 km/s). The nominal value &f/n = A(r) for
the single zone models in Table 1 can be as small as 1 km.
It is possible that in the limit of zero intrumental broadani
due to the pointing offset (see below), or at higher spectral
resolution (such as that available wiflstro-H, Takahashi et
al. 2012), Doppler-split line pairs would be detected.

However, numerous instrumental and astrophysical effects
may serve to prevent Doppler-split lines, and/or their dete
jon, even in this spectrum. Atrtificial line broadening doe t

e telescope pointing offset may have served to blur anay th
velocity structure. Optical depth effects can spoil lindtsp
ting signatures. Very small values af(r) partly rely on the
assumption of a unity filling factor; if the gas is sparse and
clumpy — as might be the case if it is affected by radiation
pressure — values ak(r) could be much larger. Moreover,
this analysis has only focused on a very small wavelength re-
gion, dominated by transitions to and from the Fe L shell, and
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thus centered on a narrow range in ionization. An excellent 3.4. Ray tracing

HEG specrum in the Fe K band could have detected absorp- e off.axis telescope does serve to broaden the zeroth-
tion from very highy ionized gas that would have implied & jer image, resulting in reduced resolution in the disgers
[)nluclh Iargerlwmg depth.l The tvv(_)-lzonle mot?'i'/ls cée'ialldem T%I- X-ray spectrum. In addition, it is possible that the offsash

e 1 may already supply a partial solution: Models 4, 8, and j,q,ced artificial red-shifts through distortions to thevea
12 give radii that differ by an appreciable factor, and S9ign gngth grid. To understand the effects of the large offséttpo
suggest thal\(r) /r is not very small. In this regime, Doppler- "o the observed spectrum, we ran simulations using ver-
split lines from larger radii would fill-in pairs from smafle  gjon 4.0 of MARX. This package contains detailed, CIAO—
rawh%lndﬁpOII the S|gnatl;]re of rotgtlﬁn. fth h-order Independent characterizations of fBandra mirrors, detec-

lle the copftlnuudmbs ‘?Ipe an h ux o t_de zerot -ofrd_er tors, and gratings instruments. Photons from any input-spec

spectrum are ? ected by ﬁ'. e-uhp, kglgergéo'cggergy Ol dIS 3] form can be traced through their interactions with te-t
crete atomic features within the CCD spectrum gcqne and detectors, and compiled into a simulated data file.
should be relatively unaffected, and absorption in the Fe K Regular CIAO tools can then be run on the simulated data,

band can serve as a check on the need for a more red-shifted, j simylated data products and spectra can be compared to
component in the absorption spectrum. We therefore fit the,o gpserved spectra.

zeroth order ACIS-S3 spectrum of MAX| J136E04. A clear The actual pointing position of th€handra observation

broad absorption trough — likely composed of Fe XXV and Fe \ a5 ysed in the MARX simulation. The true source po-
XXVl lines —is clearly present, consistent with the préwift sition was placed off-axis in the simulation, again exactly
spectrum of MAXI J1305704. In order to focus the action oo her the actual observation. Even the spacecraft roll an-
of the XSTAR photoionization models on the Fe K region, gjo"\yas selected to match the actual observation. A sim-
we restricted our fits to the 3.0-10.0 keV band. The spectrump|e power-law input spectrum with three strong Gaussian ab-

suffers from pile-up, and while a disk blackbody model gives ¢qainn jines (0.900 keV, 1.000 keV, 1.100 keV, each with
temperatures near to 1 keV, an additional power-law compo- "5 103 keV) was s'imulated in' XSPEC at'very high

nent with a negative spectral index. Thus, at least the highyo| tion “and then normalized to have the same photon flux

energy part of the spectral model must be considered fiducial as the actuaChandra observation. Assuming a point source
The broad absorption feature in the zeroth-order SPECUrUM . \1AX| J1305-704, MARX passed rays from this distribu-

can be fit with a single Gaussian function, with a centroid en- .. '

erav of E= 6734 0.02 keV and a FEWHM of B8t 0.04 keV. tion through models of the HRMA, HETG, and ACIS-S array.
gy - g . : : ... Theresultant event list was reduced in exactly the man@agér th

This nominally indicates a blue-shift, but this may be atifi actual data would be reduced, using the same CIAO tools

cial. Itis very difficult to produce only Fe XXV or Fe XXVI Fitting the MEG-1 and MEG-1 orders extracted from sim-

in isolation (see, e.g. Kallman & Bautista 2001), and thieli 004 Gata separately, we find no evidence of a mismatch

is too broad to be composed of a single line, if the feature in the wavelength grid. Nor was evidence of a net red-shift

bears any refation to the lines in the MEG spectrum. Fits to found. Indeed, the centroid of each line in the simulated-spe

J‘E\t‘v?)s:réws(l)i I'ﬂtels r\ggr-]sﬁi?tlengI?:e?larl:sﬂﬁ?nfgnncet![otﬂu_e-esvﬁiptelf thetra was found to match the input value to within 0.001 keV.
gntly ! (Here it is worth noting that an incorrect zeroth order posi-

relative strength of Fe XXV and Fe XXVI lines cannot be ; ~'. o -
: . . tion in deriving the real and simulated spectra would result
determined using Gaussian models for the zeroth-orde|=specin line broadening or splitting, not in a net shift.) However

trum, and many different line flux ratios could be assumed. there is evidence of line broadening due to the offset point-

It is notable that a simple assumption — two Gaussians re'ing, and the effect may be more pronounced at shorter wave-

quired to maintain the energy offset measured between F : A :
XXV and XXVl in the laboratory, with line widths required to qengths. Fits to the simulated MEG spectrum, for instance,

be equivalent — yields red-shifted lines at E625+ 0.02 keV gave values of = 6.2(2) x 10°° ke_V, o= 7.4(2)x 107 keV,
and g= 689+ o.gz keV. This is not proof of a red-shiftin the ~ando =8.1(2)x 10 keV, for the lines inserted at 0.900 keV,
zeroth-order data, but it serves to illustrate a potentabis- ~ 1-000 keV, and 1.100 keV, respectively (recall th@bu =
tency even via phenomenological fits." 5.0x 10%keV). _ _

The results of several fitting experiments are given in Table In summary, simulations with MARX suggest that the ob-
1 and shown in Figure 6. As an initial baseline, we fit the served lines are likely to be artificially broadened to some
spectrum with a single-zone absorber, with parametersdied degree, perhaps by 20-50%, but that the observed red-shifts
those of the less shifted component revealed in the MEG specare likely astrophysical. This possibility of wavelength—
trum over the 8-19.5 A band. Adding a second absorber therdeépendent artificial line broadening is in some conflict with
gives an improvement significant at the @vel of confidence ~ the observed spectrum of MAXI J136B04: lines at shorter
based on an F-test (Model 15 versus Model 13 in Table 1), andll_vavelengths do not appear to be systematically broader than
requires a red shift of/c = 0.022(1). We then made fits to the ~ Ines at shorter wavelengths. Itis possible that astraphys
spectrum with a single-zone absorber, with only the density ©omplications, such as a range of ionization parametess, di
fixed (since this cannot be constrained directly in the Fe K t&nces, and turbulent velocities, may have served to obscur
band). Adding a second absorption zone is then significantany wavelenth-dependentinstrumental broadening. Aghou
at the 420 level of confidence (Model 16 versus Model 14 the simulated spectrum does not show a net red-shift, our vie
in Table 1), and a red-shift of/c = 0.021(3) is measured for IS that an instrumental origin remains as a remote posiibili
the second zone. These are necessarily limited fitting exper MARX is extremely powerful, but it is only as good as the
iments, and CCD-resolution spectra aré not as suited to thigntrument characterizations, and it is possible that oseob
purpose as dispersed spectra. However, these results do su§ation pushes beyond the data on which MARX is based.
gest that a second, more highly red-shifted absorption zone

may alse be indicated in the Fe K band. 4. DISCUSSION
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We have analyzed &handra high-resolution X-ray spec-  non-negligible. Appoximating the shift agc =z~ GM/rc?
trum of the transient X-ray binary MAXI J136504 in out- and taking r = 3000-8000 km (see Models 1, 4,5, 8, 9, and 12
burst. A snapshot CCD spectrum of the source obtained within Table 1),z2=0.9-2.5<103Ms is expected. Red-shifts that
the SwWift/XRT detected Fe K absorption, and also suggestedare broadly consistent with this range are measured from eac
strong Fe L shell absorption. Tizhandra spectrum dramat-  of the models in Table 1 with variable density values. This
ically confirms this suggestion, revealing an especialinco  could be explained in terms of gas that is executing orbital
plex and rich array of absorption lines from Fe XIX-XXIV, motion relatively close to the black hole, that has beeadift
as well as H-like and He-like charge states of O and Ne, above the plane of the disk, but is not escaping.
and likely also Na and Mg (see Tables 1 and 2, and Fig- When two-zone models are explored, vastly better fits are
ures 2, 3, and 4). The MEG spectrum is extremely sensitiveachieved, and a much larger red-shift is measured in the ad-
and complex; the rich wind absorption spectrum detected inditional component. Models 4, 8, and 12 include zones with
GRO J165540 may be the most natural point of compari- v/c=z=46-4.9x 102 It is worth noting that shifts this
son. In both cases, the situation is more similar to fitting UV large could affect the density constraints obtained froerfé
fspectrl? from qt:agiarsf.trathetrhthaﬂ typical tX-rftyrE)Irtlarym§pect XXIlline pair, because the 11.77 A line from the more shifted
ormaty acceptablé its with Sefl-consistent photoio zone can begin to contribute to the 11.92 A line from the
models are made impossible by the quality of the data (See1ess shifted zone. In Models 4 and 8, good constraints were

e.g., Miller et al. 2006, 2008; Kallman et al. 2009; Neilsen & __. . 73 .
Homan 2012). None of the models presented in Table 1 arestIII achieved for both zones, amd> 107 cm™® is required.

formally acceptable. However, the relative quality of e In Model 12, however, a value consistent wittr 10'° cm?®

ent models can still be evaluated via changes inhéiting 'S measured. Model 8 has the advantage of applying to a
statistic. fairly large wavelength range while still concentratingtbe

Most importantly, the density—sensitive Fe XXII line pair Fe XXII lines, but Model 12 may represent the best overall

at 1177 A and 11.92 A is detected (see Figures 3 and &) /537 00 0 T8 S0edc T G ES Cm D T e
and the flux ratio of these lines requires a very high den- X /: 9

: : : : is broadly consistent with the free—fall velocity at theited
sity. Ev5en a_zcrude comparison to prior calculations suggest required by photoionization modeling. TakiMgy = 5 Mo,
n> 10 cm (see, e.g., Miller et al. 2008). For an assumed dr = 5201 for i = 625102 4. Th
luminosity ofL = 16° erg 5™ and an ionization parameter of - ¢2c" & B e I CRETEREE L o 2 LR
& ~ 2, this density limit requires < 10'° cm 2. Detailed fits J y: g P

; ! > ble to the absorption radius would give a shift similar to the
with a very large and finely-spaced set of XSTAR photoion- || ocal freefall velocity. The fact that the measuredfish

ization models finds > 10" cm2 andr ~3.9+0.7x 1_08 cm may be slightly below the full free—fall velocity may suppor
(see Model 5 in Table 1). Other density-sensitive lines from g5 picture wherein gas has travelled only locally.
Fe XX and Fe XXI contribute to the density determination  Figure 7 shows that these shifts — if they reflect a gravita-
in fits with photoioniozation models. Numerous details and tjona] red-shift and free—fall velocity — can be realizedov
possibilities are explored below, but the most sound and im-5 common set of radii for plausible compact object masses.
portant result of this analysis is that X-ray absorptionttesn  Thjs is only marginally possible for a neutron star witlys =
detected within approximately 5000 km from a compact ob- 2 o M, but easily possible for black holes fo a small mass.
jectthat is likely a black hole. _ The results of fits to the spectrum of MAXI J13684 with

It is nominally possible that the source harbors a white xSTAR photionization models do not require that the two
dwarf and that the spectrum originates in some sort of pho-components originate at exactly the same radius in Model 12,
tosphere; however, this is extremely unlikely. The temper- pyt the two zones have overlapping radii for Models 4 and 8
ature of the continuum emission is far more consistent with (see Table 1).
accretion onto a neutron star or black hole; so too is the hard" Early observations of MAXI J1305704 fueled speculation
X-ray component detected in MAXI J136804. No X-ray  thatthe source may have a short orbital period, and so ta hav
bursts nor pulsations have been reported in observations ohotential similarities with the short-period black hole KT
MAXI J1305-704, nor has_t|m!ng behavior characteristic of 31118480 (e.g. Charles et al. 2012). Shidatsu et al. (2013)
many neutron star X-ray binaries (e.g. strong low—freqyenc gyggest a relatively short binary period o078 0.04 hours,
QPOs.). If the source is a neutron star, Model 5 constrams th pased on an examination of flux dips. This would imply a
absorption to occur within=1700r for a neutron star with  snort binary separation, and would help to explain the small
M =2Mg. This is already very small, even by the standards gpsorption radius and high gas density implied by the data.
of X-ray winds in binaries. However, the optical spectrum The column density to MAXI J1306504 is quite iow, as
and X-ray flux changes observed in MAXI J130®4 are  poted above, and it is reasonable to expect that its peritid wi
suggestive of a black hole primary. In that case, the absorpye determined via optical methods in the near future.
tion originates at or within 528 90(M /5 M) rq. The disk “Failed winds” have been predicted in some simulations of
wind in GRO J165540 is also dense, and likely launched at accretion disks and winds in AGN, and they provide a natu-
similar radii (based on flts to th_e Fe K band in M_|Iler etal. (g explanation for our results (e.g. Proga & Kallman 2004,
2008, as well as models including a higher velocity compo- proga 2005). Radiation pressure can launch winds when the
nent in Kallman et al. 2009). The disk wind in H 17822 Eqdington fraction is sufficiently high and when the gas is
may originate at similar radii, though the constraintswaifor self-shielding (this keeps the ionization low and enhattoes
larger radii (Miller et al. 2006). If the speed of the “ultfast force multiplier). However, if the force multiplier and/&d-
outflow found in IGR J170913624 reflects its local escape dington fraction are too low, the gas cannot escape. Indeed,
velocity, then it too originates at approximately®1g (King flows with inward velocity components — inflows — have been

etal. 2012). _ . o _ detected in the wind region in such simulations (Proga &Kall
At such small launching radii, gravitational red-shiftear man 2004, Proga 2005).
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If a “failed wind” has been detected in MAXI J136%04, may be unimportantin X-ray binaries. This also follows from
it may not be exactly like the flows predicted by recent sim- the high ionization parameters observed in X-ray binaaed,
ulations. Those studies examined accretion in AGN, whereinsimulations that show no force multiplier above Iog¢ 3
the disk emits most of its energy in the UV. Although the (e.g. Proga 2003). In their study of GRO J1688, Miller
wind launching region in MAXI J1305704 would corre- et al. (2008) note that magnetic pressure from MRI processes
spond to a region emitting mostly in EUV if the disk follows may be a more likely driver than magnetocentrifugal forces
the standard oc r/4 prescription, the force multiplier is low  (also see Neilsen 2013), and that the wind/jet dichotomy may
for log(¢) ~2-3, and this may mean that magnetic pressurebe driven by changes between a primarily toroidal field in
is necessary even to lift the gas into the line of sight. As disk-dominated soft states, and a primarily poloidal field i
noted by Miller et al. (2008) in an analysis of the wind in corona—dominated hard states with relativistic jets.

GRO J165540, simulations predict that there should be am-  Itis possible that other physical scenarios could give the o
ple magnetic flux for this purpose (e.g. Miller & Stone 2000). served absorption spectrum and velocity shifts. For irgan

It is interesting to note that the radius implied by photeion the more strongly shifted, potentially infalling gas coaliy-
ization modeling is commensurate with the radius at which inate in the outer disk. If the accretion stream onto themute
warps may form. It is possible that a warp may help to lift gas disk overflows, as per some observations and simulations of
up into the line of sight, or to shield gas from part of the flux interacting binaries (e.g. Armitage & Livio 1996), some gas
from the central engine. At smaller radii, gravito-magnreto may fall inward relatively independently of the accretioskd
hydrodynamics is expected to anchor the disk in the plane per van Peet et al. (2009) discussed an overflow scenario like thi
pindicular to the black hole spin axis, and to keep the digk fla as a possible explanation for the Fe L absorption detected in
(e.g. Bardeen & Petterson 1975; McKinney, Tchekhovskoy, the neutron-star X-ray binary EXO 074876. In this case,

& Blandford 2012). At larger radii, however, theoreticadat- ~ dips might originate when material still in the outer disk —
ments suggest that warps can form and may be sustainableclose to the point of impact — passes across the line of sight;
Such warps might be expected to give rise to QPOs, and aabsorption seen in steady phases (as with this observation
connection between ionized absorption and QPO phase wa®f MAXI J1305-704 and some phases of EXO 17636)
detected in H 1743322 (Miller et al. 2006). The frame time  Wwould arise via stream material that had fallen into the inne
of the ACIS array is not suited to the detection of even slow disk. If this is correct, the broadly similar properties bét
QPOs in our observation, unfortunately, and we defer agmin potentially free-falling gas in MAXI 31305704, and the gas
analysis to later work on monitoring observations vift. that might be partly rotationally—supported, would be é&yg

Failed winds may drive an emerging anti-correlation be- coincidental. Moreover, Armitage & Livio (1996) note that
tween winds and jets, by interfering with the formation or overflow would be less likely when the disk is hot and ver-
maintenance of a hard X-ray corona. Observations cleagly si tically extended, as per a sitation that might arise when the
nal that disk winds are observed in soft, disk-dominatedsta ~accretion rate is high and irradiation is important. The hot
in which the jet is quenched (Miller et al. 2006, 2008, 2012; disk temperature indicated in MAXI J136%04 indicates a
Neilsen & Lee 2009; King et al. 2012; Ponti et al. 2012). rather high Eddington fraction, which is always accompdnie
In constrast, compact, steady jets are ubiquitous in low;flu by irradiation (Reynolds & Miller 2013). For these reasons,
spectrally—hard states wherein coronal emission donsnate We favor a failed wind scenario. . .
disk emission. As noted by Proga (2005), infusing the re- Although a fairly simple and self-consistent picture can be
gion above the disk with too much cool gas can interfere with developed to explain the data, and though the red—shifts ob-
a hot, optically—thin, Comptonizing corona. Connectioas b ~ served are natural to the radius implied by photoionization
tween X-ray flux and radio flux are typically corona—jet con- modeling, the red-shifts must be regarded skeptically.s&he
nections, not true disk—jet connections, since X-ray nusit  Shifts have not previously been detected at high statlstara
do not typically detect the cool disk emission that is found fidence in any accretion—powered system. Moreover, this ob-
in the low/hard state (see, e.g., Reis, Miller, & Fabian 2010 servation differs from others in that it has a large pointing
In the one case where the role of the disk has been examine@ffset, and it is possible that the shifts are instrumental.
directly, it is found not to play a strong role, and the result ~ We attempted to test this possibility by simulating this ob-
suggest that the corona is the base of the relativistic fatio ~ Servation using th&handra/MARX ray-tracing packgage.
(Miller et al. 2012d, also see Reis & Miller 2013). Winds that Those simulations suggest that the red-shifts are notunstr
flow inward might have a profound effect on the corona, and mental in origin; however, MARX is only as good as the in-
thus the base of a would—be jet. strument data and characterizations that drive it. If issieg-

A shortcoming of this scenario stems from the issue of ion- tions are incorrect, or if they are limited in their scopegrth
ization. It is possible that magnetic pressure is needed forMARX may not deliver the correct results for our observation
a failed wind, just as it is required to drive the wind seen in of MAXI J1305-704.

GRO J165540 (Miller et al. 2006, 2008; Kallman etal. 2009; ~ We also attempted to make simple tests of the red-shifts by
Neilsen & Homan 2012; Neilsen 2013). Given that jets are analyzing the zeroth-order ACIS-S3 spectrum, which should
commonly thought to be powered via magnetic fields that tap not be affected in the same manner as the dispersed spectra.
the rotation of the disk (or the spin of the black hole, or poth  Again, the test suggests that the red-shifts are not inemtah
given that some winds may be magnetic (as deduced via dsee Table 1), but CCD spectra have only moderate resolution
small launching radius, or a mass outflow rate exceeding theand the results are not definitive. Thus, an instrumentglrori
expected range for thermal winds, or both), and given recentfor the observed shifts remains a remote possibility. Fortu
work showing that winds and jets might be powered and regu-nately, the radius implied by photoionization modelingdan
lated in a common fashion (King et al. 2013), itis possib& th  requirement of a high gas density, are unaffected by any is-
radiation pressure does not enter into the disk-wind—jet co sues related to velocity shifts. So too, then, is the paénti
nection. A more modest conclusion is that radiation pressur association of this gas with a failed wind, and the implicas

of failed winds for jet production and state transitions.
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The neutral ISM along the line of sight might, in differ- a rich and complex absorption spectrum in the Fe L band,
ent circumstances, have provided a natural check of the-wavewhether in or out of a dip phase (also see the spectrum of EXO
length calibration of this spectrum. However, the column-de 0748-676 analyzed by van Peet et al. 2009). Other sources
sity along the line of sight to MAXI J1305%04 is very low viewed at high inclination show substantially differenesp
(we adopted\y = 1.5 x 10?* cm™), and this means strong tra, dominated by emission lines; the differences might be
ISM lines will not be imprinted on the spectrum. Cases where dictated by exactly how high the inclination is. Her X-1,
strong ISM lines have been observed typically have measuredor instance, shows a complex emission line spectrum (e.g.
column density values that are a factor of a few higher (e.g.Jimenez-Garate et al. 2002). So too do other so-calledéaccr
Pinto et al. 2013). The absorption spectrum detected withintion disk coronae” sources, including e.g. 2S 0923 (Kall-
MAXI J1305-704 is then approximately an order of magni- man et al. 2003). Future observations of MAXI J13064
tude greater in column density than the ISM along this line of and other black hole candidates withandra, XMM-Newton,
sight (see Table 1). The wind column dominated the potentialand eventuallyAstro-H (Takahashi et al. 2012) can help to re-
ISM column and effectively spoiled a natural wavelenth cal- veal the dynamics and physics of wind and jet production and
ibration. Among the non—Fe lines that are detected and notto confirm possibilities such as red-shifts and Doppleitspl
clearly blended, including the O VIII Lyr and Ly lines, line pairs.
and the Ne IX Hex line, fits with simple Gaussians find the
samev/c ~ 3 x 1073 shift that is measured in photoioniztion

models dominated by Fe L transitions. referee that improved the clarity and content of this payer.
If the red-shifts detected in MAXI J130504 are astro-  thank Harvey Tananbaum a@handra for executing this ob-

physicaL they are exceptionaL It is worth noting' though' _servation. We are indebted to Mateusz RUSZkQWSki for lend-
that MAXI J1305-704 is exceptional in other ways as well, ing computing cluster clock cycles to this project. We ac-
and that such shifts may be somewhat less remarkable in thi&knowledge Mike Nowak, David Huenemoerder, John Davis,
source. Other X-ray binares, and other “dippers”, have alsoJohn Houck, Norbert Schulz, and Jonathan McDowell for
shown interesting X-ray absorption spectra. But as noted byhelpful discussions. JMM gratefully acknowledges support
Diaz-TrigO (2006)] the gas is typ|ca||y very h|gh|y ionized from theChandra Guest Observer Program abBdift. ND is )
with the most pronounced effects in the Fe K band. Among supported by NASA through Hubble Postdoctoral Fellowship
X-ray binaries, MAXI J1305704 is rare in showing such ~grantnumber HST-HF-51287.01-A from the Space Telescope

We gratefully acknowledge comments from the anonymous

Science Institute. APB acknowledges funding Saift at the
University of Leicester by the UK Space Agency.
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TABLE 1
PHOTOIONIZATION MODELING RESULTS

Model Range Notes XZ/V n Ny log(&) v/c r
10 em™®)  @P2em?) 1073  (@Bcm)
T 112-132A  1-zone, frae  868/384 2 0.80(6) 2.032) 302 5Q2)
2 1-zone, fixech ~ 878/385 05 0.75(5) 2.05(3) 29(2)  13(1)
3 1-zone, fixech  896/385 0.1 0.66(5) 2.05(3) 27(3)  30(1)
4 112-132 A 2-zone,free  715/380 2.1(6) 1.3(4) 2.60(7) 28(3) A1)
52) 0.67(5) 2001001 4702) 4.7(9)
5 100-140A  1zone frae  1647/785  6(1) 1.05(3) 2.05(2) 28(2)  3.9(7)
6 1-zone, fixech ~ 1683/786 05 0.97(3) 2.08(1) 23(2)  13(1)
7 1-zone, fixech ~ 1716/786 0.1 0.85(3) 2.07(2) 21(2)  29(1)
8 100-140A  2-zone,frae  1434/779  2.2(4) 1.27(5) 2.60(2) 23(2)  3.4(7)
72) 0.70(4) 200004 470@3) 3.9(7)
9 80-105 A 1zone free  4537/2286  1.1(1) 1.22(4) 2.36(1) 28(2)  6.3(6)
10 1-zone, fixedh  4552/2287 05 1.20(3) 2.36(1) 25(2) 93
11 1-zone, fixedh  4588/2287 0.1 1.08(3) 2.37(1) 22(1) 209
12 80-19.5 A 2-zone,free  3378/2280  0.7(2) 1.10(5) 2.62(1) 182 62
0.10+0.05 0.55(5) 2.65(1) 48(1) 15.0
3 3.0-10.0keV _ 1-zone, fixed 592/474 0.7 11 2.62 18 59
14 1-zone, free 536/471 1.0 6(2) 4.0(1) <2 1.0
15 3.0-10.0keV  2-zone,mixed  534/471 07 11 2,62 18 5.9
5 1.2(4) 4.4(1) 22(1) 03
16 3.0-10.0keV  2-zone, free 509/468 10 6(2) 40(1) <2 10
10 6(2) 4.3(1) 21(3) 07

NoOTE. — The table above details the results of fits with a large gfi¥STAR photoionization models (see the text for additiahetails). Single-zone fits, models with a fixed (artifigyatbw) density, and two-zone models for the combined firsteor
MEG spectrum were considered on three different waveleragtges. The results of fits to the zeroth-order ACIS-S3 CGfatspm on the 3—-10 keV band are included in the final segmethiedfble. The errors listed in the table are donfidence intervals.
Symmetric errors are given in parentheses. Where erromscaigiven, the parameter was fixed. Positive velocitiesdatdi a red-shift. Single-zone fits clearly prefer a high dgrand the addition of a second zone gives a significantjyraved fit over all
three fitting ranges. Errors are not quoted on radii derivedits to the ACIS-S3 spectrum because the density was fixétbse models. None of the models above provide formallyptabée fits in a statistical sense, similar to the situatioodmplex

optical and UV spectra, and in fits to the X-ray spectrum of GR655-40 (e.g. Miller et al. 2008). However, the relative efficadffedent models can still be easily gauged through the caiapa ofx2 fit statistics.
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TABLE 2
STRONGABSORPTIONLINES INMAXI J1305-704

lon and Transition Lab Wavelength
[G)]

OVill 1s-3p 15.987
O Vil 1s-2p 18.9689
Ne IX 12-1s4p 11.0003
Ne IX 12-1s3p 11.5466
Ne IX 12-1s2p 13.447
Ne X 15-6p 9.3616
Ne X 1s-5p 9.4807
Ne X 1s—4p 9.7082
Ne X 1s-3p 10.2389
Ne X 1s-2p 12.1330
Na XI 1s-2p 10.0250
Mg XIl 1s-2p 8.4210
Mg XI 1s?~1s2p 9.1688

Fe XIX 2822p7-2€2p33d  13.520

Fe xx 2&2p%273P)ad  9.991
10.12

Fe xx 2&2pt273P)3d 1282
Fe XXI 2822p2—2&2p3d 12.259

12.325
Fe XXl 252(7—252p4d 9.163

9.183
Fe XXII 2s22p-2€3d 11.770

11.920
Fe XXIIl 2s2-2s4p 8.3029
Fe XXIIl 2s2-2p3d 10.175
Fe XXIIl 2s2-2p3s 10.560

Fe XXIll 1s222-1€2s3p  10.980
Fe XXIll 1s22s2p-182s3p ~ 11.018

Fe XXIV 1s225-1€3p 10.619
10.663

NoTE. — The table above lists lines that likely contribute striyrtg the absorption spectrum observed in MAXI J13084 in the 8-19.5 A band, based on modeling with XSTAR phatiaiation calculations. The quoted wavelengths are takam fr
Verner, Verner, & Ferland (1996) and the NIST Atomic Spextapy Database. The transitions associated with the lirk& 875 A and 10.560 A should be regarded as tentative. Tinsitgtef lines in the MEG band considered in this analysie slightly
degraded resolution of the MEG spectrum, and the intringithwof the lines serve to create some line blends. Whilefacsegisistent photionization model can handle this sitratiine-by-line fitting with simple Gaussians cannot. Iniidn, some lines
are saturated, meaning that velocity widths would effetyive upper-limits and line fluxes would be lower-limits.uBhindividual line widths and fluxes are not quoted. Retdgisimple one- and two—zone photoionization models areritesi in Table 1.
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count rate (c/s)

0 1 1 1 1 1

0 5.0x10% 1.0x10* 1.5x10* 2.0x10* 2.5x10* 3.0x10*
time (s)

FiG. 1.— The figure above shows the light curve of MAXI J13@84, derived using 0.3—10.0 keV photons in the first-ordeiGviid HEG. The time bins
are 10 s (longer than the nominal 3.2 s ACIS frame time) inmai@enprove visual clarity. The light curve shows variatyiltypical of accreting low-mass X-ray
binaries, with slightly lower flux levels at the start and efidhe observation.
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FiG. 2.— The figure above shows the 8-19.5 A combined first-ordeGMpectrum of MAXI J1305704. The top panel shows the raw spectrum. The bottom
panel shows the best-fit two-zone absorption model, gestbrating a very large XSTAR grid (Model 16 in Table 1 is shovilif)e plots are not “fluxed” to avoid
bias, but the spectra have been binned for visual claritgoffition due to H-like O VIl is visible at 19 A (Lyx) and 16 A (Ly#3); most of the other features
are Fe L-shell transitions.
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FiG. 3.— The figure above shows the combined first-order MEG spmodf MAXI J1305-704 in the 10-14 A region, roughly centered on the densitgitiee

Fe XXII lines (laboratory wavelengths: 11.77 A, 11.92 A). 8l 7 is a single-zone absorption model wherein the densifixéd atn = 1.0 x 106 cm™

3 (see

Table 1); it is plotted in cyan. Model 8 is a two-zone absamptnodel with variable (high) densities that yields a sigaifitly improved fit; it is shown in red.
Note that the Fe XXII lines are fit much better with Model 8, asilvas the lines at approximately 10.6 A, 11.5 A, and the cemplar to 12.9 A. The plot has
not been “fluxed” to avoid bias, but the spectra have beerebirior visual clarity.
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FiG. 4.— The figure above shows the combined first-order MEG specbf MAXI J1305-704 in the 10-14 A region, roughly centered on the density-
sensitive Fe XXII lines (laboratory wavelengths: 11.77 A,92 A). Model 8 is shown in red as presented in Table 1. Itse glotted in cyan after setting the
velocity of both absorption components to zero. Clearlg,elocity shifts are important in obtaining robust fits te $pectrum. The plot has not been “fluxed”
to avoid bias, but the spectra have been binned for visuatycla
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FIG. 5.— The figure above shows the result of single—zone fitsadth-14 A region using XSTAR photoionization models. Eaatepahows the results of
fits with 25 different combinations of ionization paramgeaind column densitiy, for a specific value of the gas density. The size of the plgtsiymbol depicts

a logarithmic scale im\(x?2) versus the best—fit single—zone absorber (Model 5 in TalieB+ 1 x 1017 cm). This exploration of a broad three—dimensional

parameter space shows that any fit with a low density givggs?) >~ 100. Indeed, in many case(x?) > 1000. This exercise demonstrates that a very high
density is required to fit the spectrum of MAXI 130804.
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FiG. 6.— The plot above shows the data/model ratios resultiog fihree fits to the zeroth-order ACIS spectrum of MAXI J130®4. The top panel shows
a simple fit without absorption. The middle panel shows alsiagne absorber with all parameters free, apart from1.0 x 1017 cm™ (Model 14 in Table
1). Note that residuals consistent with slightly red-gdffFe XXV and XXVI remain. The bottom panel shows a fit with twasarption zones; the second is
significantly red-shifted (see Model 16 in Table 1). Diffieréests find that the inclusion of a second, red-shifted rtesds significant at the 4-¢6level of
confidence. The data were binned for visual clarity. The fkoess above 9 keV is due to pile-up. In each case, the comimuadel is fiducial.
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F1G. 7.— The plot above shows the dependence of free—fall \wgl@ci blue) and gravitational red-shift velocity (in reds a function of radius. The dashed
horizontal lines indicate the range of velocity shifts dégd in fits to the MEG spectrum of MAXI J136804 via fits with both single-zone and two—zone
XSTAR photoionization models with variable gas densitygoagters. Those same photoionization models require teaakiborption occur at a distance of
r =3.940.7 x 10° km from the compact object. This radius corresponds to 13Q'c? for a neutron star with = 2.0 M ; this only just intersects the range
for which the two velocities can be observed at a common sadfior black holes with masses Mf < 5M,, r = 3.9+ 0.7 x 10° km corresponds to radii for
which the two velocities can be observed at a common distimoe the central engine. Other uncertainties, for instaincine luminosity, would allow for
greater overlap in the radii implied by each velocity shift.



