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Recent observations of two black hole candidates (GX 338e4J4753.5-0127) in the low-hard
state (x/Lggq =~ 0.003- 0.05) suggest the presence of a cool accretion disk very ctosieet
innermost stable orbit of the black hole. This runs courdembdels of the low-hard state in
which the cool disk is truncated at a much larger radius. Weysthe interaction between a
moderately truncated disk and a hot inner flow. lon-bombamirheats the surface of the disk in
the overlap region between a two-temperature advectionirtaied accretion flow and a standard
accretion disk, producing a hdtTe ~ 70keV) layer on the surface of the cool disk. The hard
X-ray flux from this layer heats the inner parts of the undedycool disk, producing a soft X-ray
excess. Together with interstellar absorption thékeees mimic the thermal spectrum from a disk
extending to the last stable orbit. The results show thdtesafesses in the low-hard state are a
natural feature of truncated disk models.
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1. Introduction

The geometry of the low-luminosity (“low-hard”) state of l&etic Black Hole Candidates
(GBHC), in which the spectrum is dominated by a power law Xfhax extending to high energies,
has been an open question for several decades. While it @ajnbelieved that the power law
spectrum is formed by inverse Compton scattering, there nsensus about the geometry of the
flow, source of seed photons or energy distribution for thm@onizing electrons.

Broadly speaking, there are two classes of model to explanspectrum in the low-hard
state. The first is the “corona” model, in which the disk remsaintruncated or nearly untruncated
at luminositiesLy ~ 10-3Lggq. The hard power law spectrum comes from a hot, patchy corona
(perhaps powered by magnetic flares, e.g. (1)) on top of thle @ihile the surrounding region
is bombarded with high energy photons, producing the olesereflection and Fe-K fluorescence.
In the alternate, “truncated disk” model the thin disk imtated at some distance from the black
hole and the inner region is filled with a hot, radiativelgfticient flow, which produces the hard
spectrum. The reflection spectrum and Fe-K fluorescencetisgioduced by the interaction of the
hard X-rays with the inner part of the truncated disk, or imecacool outflow moving away from
the disk. For a recent discussion of the low-hard state sge4ef (2).

The presence or absence of a cool disk should be confirmatolegth direct detection of a
soft X-ray blackbody component at low energies. Howevas, ilimade diicult by the fact that
at low accretion rates the temperature of even an untruthatisk will drop from about 1-2keV
in the high soft state te- 0.1-0.3keV, which puts it out of the range of most X-ray duiex
Additionally, the dfects of interstellar absorption become very strong at atdutikeV, so that
detecting a soft excess and accurately measuring its psaesweill depend on how accurately the
interstellar absorption can be determined.
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This question was the focus of two recent papers, (3; 4), iichwthe authors studied long-
exposureXxMM-Newtonspectra of two dferent GBHCs, SWIFT J1753.5-0127 and GX 339-4, at
low luminosities [x/Lgqg ~ 0.003—0.05) to try to detect the disk directly. In both papers the
authors report the detection of a very weak soft excess,hyiiben fit to blackbody models for
a standard accreting disk give disks with a maximum tempegaif kT ~ 0.2-0.4 keV, and inner
radius consistent with the innermost stable circular arbé black hole.

Determining the inner radius of an accretion disk from itecdpum relies on an accurate
understanding of how luminosity in the disk is produced. Whkige (approximately) blackbody
flux from the disk dominates the spectrum, the disk’s inn€éius can be inferred by assuming
a known ‘colour correction’ for the blackbody spectrum, dhdt the radiation is produced by
internal viscous dissipation in the disk as it accretesyigem the distance and inclination of the
source are known.

However, when the spectrum becomes dominated by very haey dndy-ray radiation, the
radial temperature and luminosity profile of the disk willpdad on the interaction between the
hard radiation and the disk. This is because most of the timaerpower is now in the hot gas
producing the hard radiation, some of which will interacthwthe cool disk (seen in reflection
component and Fe-K emission line), and may provide a sulistaource of heating. This heating
of the disk surface converts the hard radiation into a softgmanent. In the simplest version of this
model, Haardt and Maraschi (5) calculated the energy balfor@ hot corona covering a cool disk
and found that the flux in the soft and hard components willdughly equal. This predicts that a
substantial soft X-ray component is a universal featurbethtard-state spectrum, whether the disk
is truncated or not. Its detectability depends on the geitgiof detectors in the 0.1-1 keV range,
and the interstellar absorption column.

For models in which a cool, truncated accretion disk enesr@ very hot inner flow (which
cools through inverse Compton scattering), there will seagly be a region of interaction near
the truncation radius, which will heat the inner edge of theik.dThis will come either from hard
photons bombarding the disk as in the Haardt-Maraschi mod#hrough matter interaction, with
hot protons from the inner flow directly colliding with thealaisk. In both cases previous work
has shown that a soft component is produced, but a moreetbtaibdel is needed to predict the
radiation spectrum. The first case, examining the struaifieethin accretion disk bombarded by
hard photons has been studied by for AGN disks (6) and (7) nam@ recently for GBHC disks
by (8). In this talk we focus on the second case, in which a maddly truncated disk is embedded
in a hot, two-temperature advection-dominated accretion {ADAF). Our goal is to determine
whether such a model could reproduce the soft spectral coemp® reported by (3; 4). We will
find that disks truncated at 15-20 Schwarzschild ragli£ GM/c?) can in fact produce soft com-
ponents of the observed strength and shape, which is dextembtiith a qualitative comparison to
the soft excess in (3). The work presented here is descnibetbie detail in (9).

2. lon-Bombardment model

We begin with the results from a prototype model for ion bordb#ent on cool disks, initially
proposed by (10), and extended in (11), and (12) (hereaf835p In this model a cool disk is
embedded in a two-temperature ADAF in which the protons Brgecto their virial temperature
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Figure 1. LEFT: Schematic structure of a cool disk embedded in an ADAF. HegeADAF (transparent
outer region) extends over the inner edge of the cool ShaRurgyaev disk (SSD), shown by the solid thin
disk, bombarding it with energetic protonisTy ~ 20MeV). This evaporates the surface of the disk into a
corona kTe ~ 70keV) (HOT LAYER, hatched). The higher viscosity of the hater causes it to spill over
the inner edge of the SSD where cooling through inverse Comgtattering is no longeffecient (HOT
RING) and thermal instability causes the layer to evapdratethe ADAF. The mass transfer is represented
by the small arrows.

RIGHT: Effect of ion-bombardment on the surface temperature of a &®D] disk truncated at 2GR
Green dashed line: radial temperature profile in disk witltonsidering heating from hot layer. Black solid
line: radial temperature profile when disk heating is comsd. Blue dotted line: radial temperature profile
for an untruncated disk at the same accretion rate.

(~ 20 MeV). The protons bombard the disk, and are stopped vido@ducollisions with the disk’s
electrons, thus transferring their energy to the disk. Thergy from the protons is fiicient
to evaporate the upper layers of the disk into a hot coronde(chere the “hot layer”), whose
temperature is set by a balance between heating from thamhsooling, predominantly through
inverse Compton scattering of disk photons. The work in @8hd that the optical depth of the
hot layer is around unity, varying only weakly with irradia flux and distance from the hole.

The higher viscosity of the hot layer allows it to spill oveside the inner edge of the cool
disk (see left panel of fig. 1), where the lack of seed photamsl hence in&cient cooling) in
this layer will cause the temperature to rise to aldotg~ 200— 300 keV , and evaporate into the
ADAF (11). This shows how an ion-supported flow can be manetdinside a truncated cool disk.
The key for the whole process is the presence of a componémieohediate temperature (the hot
layer). On one hand this component produces a hard, Corzptbispectrum, while on the other
its evaporation feeds the ion-supported flow.

DSO05 extended this work to examine the radial dependenckeothtee components of the
flow. They set up a model in which the truncation radius of thel disk is a free parameter,
and the three layers are assumed to interact only via the treasfer processes outlined above.
They assumed the cool disk was a standard Shakura-Sunyseyld), and that the ADAF flow
temperature followed the model of Narayan and Yi (15). Thegraximated the temperature in
the hot layer to be constant, and also assumed a constangraiome for its extension inside the
inner edge of the cool disk (here called the “hot ring”). Witlese assumptions, the radial profiles
of the three components can then be determined by solvinggbations for mass and angular
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momentum conservation for a thin disk.

This simplified analysis yields estimates of the mass actreate M;, heating rateQ; (from
internal viscous dissipation and ion heating) and surfaresitlyX; as a function of radius for each
component. For further discussion of the model see sect@¥S05. The input parameters for
the model are the black hole masks, the magnitude of the viscosity parameter (14) and the
truncation radiufRsspfor the disk. A sketch of the model with its various compogeistseen
in the left panel of figure 1. Assuming the dominant radiatimachanisms are known, we can
determine the spectrum from the resulting energy disiobutor each layer. This is the primary
goal of the current work.

3. Producing a model spectrum

The three components of the model exchange mass and enarthe $teady-state assumed
here, the sources and sinks balance in each. The hot layeatischin similar measure by viscous
dissipation and the hot ions it absorbs from the ion flow abtve cooled by Compton upscattering
of disk photons passing through it, which will produce a hérchy spectrum.

The cool disk is heated in three ways: by internal viscousiplidion, by reprocessing of hard
(Comptonized) X-rays from the hot layer above, and by thellsmanber of hot ions from the
ADAF that pass through the hot layer. The reprocessing oh#rd X-rays is further divided into
a fractiona that isreflectedand a fraction (+ a) that isabsorbedand assumed to thermalize com-
pletely. The surface temperature of the cool disk, assumée tlose to its fective temperature,
is thus given by:

O-BT:ff = Qevisc+ (1 -a)F, + cQ;, (3.1)

whereQ,isc is the viscous heating rate of the cool digkfs X-ray reflection albedadr, the
flux of downward directed X-ray photons from the hot layeld #0Q; the fraction of energy flux in
hot ions absorbed by the cool disk. The albedy the disk will depend on its ionization structure,
which we estimate in the next section.

To illustrate the model we first discuss the results for aresfee model with representative
parameters, then adjust the parameters to compare the toangdervation in section 4. We take
MgH = 10M,, for the massR, = 20Rs for the truncation radius, and use= 0.2 for all accretion
components.

3.1 Disk emission

The emission from the disk will come from two components: Itheckbody flux from the
disk itself and the reflection component from the incidentmtonized radiation. To estimate
the relative contribution for each we need to estimate theda for the disk, which can be derived
from the ionization parametér= 4rFy n;ﬁ, the ratio of the incident flux on the disk to the hydrogen
number density in the disk. The higher the ionization in thpar layers of the disk, the more flux
will be reflected without reprocessing.

Since the disk is stratified, we need to calculate the hydraganber density in the region
where most of the reprocessing takes place, which we assilhiearound the electron scattering
photosphere of the cool disk. Assuming hydrostatic balam¢be disk the pressure at this depth
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is approximatelyP ~ g/kes, Whereg is the vertical component of the acceleration due to graatity
heightres= 1 above the midplane arkgsis the electron scattering opacity . Assuming this height is
about twice the nominal disk thicknekk= cs/Q, the pressure iB ~ 2c;Qk. Herecs is the sound
speed at the midplane of the disk, determined from the tgpadite Q,isc by a standard thin disk
model. To fix the density corresponding to this pressure waras the temperature in this region
is the dfective surface temperature that follows from the viscousihg rate. For the reference
model, this gives an ionization parameteraf 10 erg cm s, which corresponds to an albedo of
a=~0.2. We use the XSPEC reflection model “REFLION” (16) with theegi ionization parameter
to approximate the reflection spectrum.

We assume that the rest of the incident radiation is comgledprocessed and thermalized by
the disk, resulting in the modified temperature profile fa disk shown in the right panel of figure
1. The green dashed line shows the temperature profile @rirgjdonly viscous dissipation, and
assuming no coupling between the inner edge of the disk anldatring. The solid line shows the
effect when heating from the hot layer is included. As can be sete figure, the fect of heating
extends to large radii. The dotted line shows the temperaitofile for a standard untruncated disk
for the same accretion rate.

However, the disk’s spectrum deviates from a simple matiperature blackbody because
the flux emerging from the photosphere of the disk will be cedlichiefly by Thomson scattering
in the upper layers of the disk. This results in a modified kifacly, which is often described by
a “colour correction factor'f., measuring theféect as the ratio of colour temperature fieetive
temperatur@ ¢ = fooi Ter. The value forf.o will change the determination of the inner disk radius,
since the luminosity will be depressed by a factorfcg‘f relative to the temperature, so that when
colour correction is considered, the inner radius of theetmmn disk will be increased by a factor
feol. In this work we have the added complication of the hot serfiyer, which will heat the
upper layers of the disk substantially and may change thetrghdardening. A detailed radiative
transfer calculation for the surface distribution in thekdis beyond our scope however, so we
assumef., = 1.7 (17), and note that the real value may be higher. The tosi sibectrum of
modified blackbodyreflection is now used as input for the Comptonization sitiata

3.2 Comptonization

To calculate the spectrum from inverse Compton scattehiraugh the hot layer and hot inner
ring we use a one-dimensional Monte Carlo simulation. Thaukition assumes a slab geometry,
with the cool optically thick disk below a much hotter suddayer with moderate optical depth.
We use the disk emission from the previous section as seedrghand use a simulation with high
enough resolution to capture emission lines in the spectrum

The input parameters of the Comptonization calculationtlaeesoft input spectrum, and the
optical depth and temperature of the region. We can estithateptical depth from the surface
density in the hot layer (from the output of the DS05), and fmeltemperature iteratively so that
the total energy flux in Comptonized photons matches theggrieput into the hot layer.

The Comptonization from hot inner ring is similarly detenmd, except that its contribution is
uncertain because the geometry is veifjadent from a plane-parallel configuration. In particular,
the contribution from seed photons from the disk is unceytaihich in turn will set the temper-
ature of the region (since it will set the rate of cooling). Weas introduce a parameté&r which
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represents the fraction of seed photons from the cool dadkcibol the hot layer, (so that-ll goes
to cool the hot ring) and adjust it to match the observed hessliof the spectrum. For the reference
model we use the output of DS05 to get 0.99.

3.3 Modd output

The output spectrum for the reference model is shown in thdefd panel of figure 2. The
flow model of DSO5 gives an accretion rate Mf= 2.2 x 10-3Mgqq (@ssuming an féciency of
10%), and a luminosity = 4.2x 10*Lgqq. The total spectrum is shown in black, and the individual
components are identified in the caption. The bottom parmwVsitthe spectrum divided by a power-
law with photon indeX” = 1.91. There is small excess below 0.5keV, even though the mamim
disk temperature is only 0.05 keV. Except for the very lowration rate and steepness in the
power-law, we find a spectrum qualitatively similar to tha$€¢3) and (4).

The luminosity of our reference model, of the orderGqq, is substantially lower than
typically inferred for the Low-Hard state (19— 103Lgqg). This is a consequence of the flow
model in DSO05 that forms the basis of our analysis. In it, tindage density of the hot layer is
governed by the physics of the Coulomb interaction of theibio$ penetrating through it, and
its temperature by the energy balance between it and thelyimdedisk. With temperature and
surface density constrained in this way, the mass flux thpem#s only on the radial drift speed,
i.e. the viscosity parameter. The actual mass flux is low lezdhe temperature of the layer is
only about 80 keV. This suggests that the current model snptete. In this work, however, we
solve this problem by introducing a paramerby which the accretion rate (or equivalently the
energy output of each component of the flow) is increasedakoore extensive discussion of the
uncertainties of the model and possible solutions see (9).

With the introduction of the parametefsand/ (introduced in section 3.2) our model loses its
predictive power, but the goal of this paper is to present dahitat is plausible rather than precise
in its details. In the next section we compare our spectradoobservation of SWIFT J1753.5-
0127, and show that for reasonable values of accretion ratdeanperature in the hot layer and
inner ring, we can reproduce the observed soft excesseg asignificantly truncated accretion
disk.

4. Comparison to observations: SWIFT J1753.5-0127

To show how our model compares with the soft excesses wedmmsie spectrum from the
source SWIFT J1753.5-0127. Miller et al. (3) took a 42 k¥&dM-Newtonobservation and
estimated an X-ray luminosity (0.5-10 keV) b§/Lgqq = 2.6 x 10-3(d/8.5kpcY(M/10 My). They
fit the spectrum to a power law with a photon indéx 1.67 (2-10 keV), and interstellar absorption
of Ny = 2.3x10% cm2. Fitting the spectrum with an absorbed power law compontatiea
reveals a small soft excess below 2 keV, which they fit to a diish kT, ~ 0.22 keV and R, ~ Rs
(M/10M,) (d/8.5kpc) cos?i.

A very truncated disk will be too cool to be observable in Xsawhile an untruncated disk
will have a higher temperature than is observed (becaudedfdating from the corona). To com-
pare with observed spectra we assume a moderate truncatims of 1%s, which is qualitatively
very different from an untruncated disk. We make the same assumptsoims(3) for mass (M=
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Figure2: LEFT: Top: Relative contribution from each componentfor referenceet,a = 0.2, R, = 20R;,

M =10 M,. Red long-dashed line: Spectrum from the disk (modifiedkidady plus reflection spectrum).
Green dash-double dotted line: Spectrum from outer diskie Blotted line: Comptonized spectrum from
hot layer. Orange dash-dotted line: Comptonized spectram fot ring. Black solid line: total spectrum.
Red short-dashed line: power-law with= 1.9. Bottom total spectrum divided by power-law with= 1.9

to show soft excess.

RIGHT: Top Model spectrum for SWIFT J1753.5-0127, for a truncated digh inner radius of 15 B, «
=0.2 and M= 10M,. Components as in previous figuigottom Soft excess in SWIFT J1753.5-1027. The
crosses show the observed spectrum from (3) divided by amladxd power-law withi" = 1.66 and interstellar
absorption colummy = 2.3x 10?’cm2. The solid line shows the ratio between our modeb () and the
same power-law, wittNy = 2.35x 10%lcm 2.

10M,) and distanced = 8.5kpc), and assume an inclination ¢es0.5. To match the measured
flux in the power-law component, we increase the flux in eachpmment by a facto€ = 12, to
give an accretion rathl/Mggq = 1.7x 10°2 for an dficiency of 10%.

In the hot layer, the predicted surface density profile gamrsptical deptir) = 0.87, and the
energy balance between the cool disk and hot layer detesnaitemperature &Te = 75 keV for
the hot layer, which gives a photon indextof 1.87 (2-10 keV). The density of the disk and flux in
the hot layer also allows us to estimate the ionization patang = 50 erg cm st, from which we
get an albedo and find the Comptonized flux incident on the ligsits it tokT = 0.11keV, which
looks likekT = 0.19keV when spectral hardening is taken into account.

The predicted surface density in the hot inner ring alsonallas to calculate the optical depth
in this layer, which we find to bér) = 0.7. Since we do not have a detailed model for the radiative
transfer in this component, we take a plausible valuieTgf= 200 keV, which gives a photon index
of ' = 1.39, and set = 0.89 (the fraction of disk photons seeding the hot layer) tocimdhe
observed hardness in the spectrum.

The top-right panel of figure 2 shows the resultant specmatgy distribution for SWIFT
J1753.5-0127. The fierent components shown in the figure are the same as in thealed of
figure 2. The bottom-right panel of figure 2 shows the obsepgttrum divided by an absorbed
power-law with an absorption column density with = 2.3x 10?1cm2 (taken from (3)). Overlaid
in black is the soft excess predicted by our model, where we bhanged the absorption column
density toNy = 2.35x 10?1cm2. Very small changes in the estimated absorption columnityens
and small deviations from a single power-law in the Compation spectrum (from consider-
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ing two regions of Comptonization as well as a plane-pdrgk®metry for the inverse Compton
scattering) renders the two excessisaively indistinguishable, even though the temperatack a
peak fluxes of both disks are venfidirent. The bottom-right panel in figure 2 also shows that the
deviation from a simple power-law in the range 2-100 keV sslthan 10%, which is consistent
with observation.

5. Conclusions

Our model of a disk truncated at 15-2@ Bnd surrounding corona is qualitatively very dif-
ferent from the untruncated disk (wiR, < 3Rs) models fit by (3; 4), and it is natural to ask how
the observed soft excess can be so small when the radiatagisaso much larger. The answer
lies in several points. The most important of these is thaddnounting for colour correction, the
temperature in our disks is about half that found by (3), st tie flux is intrinsically much smaller
and (even after the colour correction is applied) most ofltheis cut df by interstellar absorption.
There is a further reduction from the hot surface layer, Whipscatters about two-thirds of the
input photons. Finally, the shape of the upscattered plsaderiates from a power-law at low en-
ergies, so that measuring the temperature of the soft edepeEnds very sensitively on modelling
the Comptonized spectrum correctly.

From energetic considerations, the hard spectra obsemthd low-hard state of LMXBs must
be produced by hok{, ~ 100keV) matter in the inner regions surrounding the bladk.nbthere
is also a much cooler disk present, there will necessarilyonee degree of interaction between the
two components, and the disk will be heated by irradiatiomfthe hot Comptonizing component.
The fits reported in (4; 3) neglect this interaction by fittthg disk and hard components separately.
Here we have shown that incorporating tHeeets of this interaction heats the inner regions of a
moderately truncated disk so that, when coupled with ffexts of interstellar absorption, the size
of the soft excess matches observations. Our work alsoigighlthe potential pitfalls of using
simple power-law or analytic Comptonization fits at low ejies, which can provide significant
deviations in the soft X-rays, thus changing the shape aedsity of the observed soft excess.

The model we have outlined provides several opportunites$urther improvement in order
to better constrain the introduced fitting paramet€&and{. The spectrum from the hot ring and
ADAF are patrticularly uncertain, and dependent on a morailéet model for the radiative transfer
through this region, as well as the source and number of Seetdms (which will set the electron
temperature in both regions). The model’s global accretite (limited by the rate at which the
hot layer spills over into the hot ring and then evaporatastime ADAF) is also very low, although
this can be increased if the viscosity in the warm layer isdased, perhaps as a result of accretion
through an ordered magnetic field.

References

[1] A. Merloni and A. C. FabianAccretion disc coronae as magnetic reservoVBNRAS321
(Mar., 2001) 549-552 arXiv:astro-ph/0009498].



Soft X-ray components in the hard state of accreting bladkho Caroline D’Angelo

[2] C. Done, M. Gierlhski, and A. KubotaModelling the behaviour of accretion flows in X-ray
binaries. Everything you always wanted to know about ammdiut were afraid to ask
A&A Rev.l5 (Dec., 2007) 1-66,3rXiv:0708.0148].

[3] J. M. Miller, J. Homan, and G. MiniuttiA Prominent Accretion Disk in the Low-Hard State
of the Black Hole Candidate SWIFT J1753.5-0,12@J 652 (Dec., 2006) L113-L116,
[astro-ph/0605190].

[4] J. M. Miller, J. Homan, D. Steeghs, M. Rupen, R. W. Hund{dR Wijnands, P. A. Charles,
and A. C. FabianA Long, Hard Look at the Lgiard State in Accreting Black HolgapJ
653 (Dec., 2006) 525-535aptro-ph/0602633].

[5] F. Haardt and L. MaraschA two-phase model for the X-ray emission from Seyfert gedaxi
ApJ380 (Oct., 1991) L51-L54.

[6] D. R. Ballantyne, R. R. Ross, and A. C. FabiXnray reflection by photoionized accretion
discs MNRAS327 (Oct., 2001) 10-22,drXiv:astro-ph/0102040].

[7] S. Nayakshin and T. R. Kallmawccretion Disk Models and Their X-Ray Reflection
Signatures. |. Local SpectrapJ546 (Jan., 2001) 406—418afXiv:astro-ph/0005597].

[8] R. R. Ross and A. C. FabialX;ray reflection in accreting stellar-mass black hole syse
MNRAS381 (Nov., 2007) 1697-1701afXiv:0709.0270].

[9] C. D’Angelo, D. Giannios, C. Dullemond, and H. Spri8ipft X-ray components in the hard
state of accreting black holeA&A 488 (Sept., 2008) 441-450.

[10] H. C. Spruit,X-ray spectrum of a disk illuminated by iqris LNP Vol. 487: Accretion Disks
- New Aspect$E. Meyer-Hofmeister and H. Spruit, eds.), pp. 67-76, 1997.

[11] H. C. Spruit and B. DeufelThe transition from a cool disk to an ion supported flée\-A
387 (June, 2002) 918-930a$tro-ph/0108497].

[12] C. P. Dullemond and H. C. SpruEvaporation of ion-irradiated diskfA&A 434 (May,
2005) 415-422 dstro-ph/0501463].

[13] B. Deufel and H. C. SpruiComptonization in an accretion disk illuminated by protons
A&A 362 (Oct., 2000) 1-8.

[14] N.I. Shakura and R. A. SunyaeaBlack holes in binary systems. Observational appearance.
A&A 24 (1973) 337-355.

[15] R. Narayan and I. YiAdvection-dominated accretion: A self-similar solutiéqpJ428
(June, 1994) L13-L16aktro-ph/9403052].

[16] R. R. Ross and A. C. FabiaA,comprehensive range of X-ray ionized-reflection mgdels
MNRAS358 (Mar., 2005) 211-216arXiv:astro-ph/0501116].

[17] T. Shimura and F. Takahar@n the spectral hardening factor of the X-ray emission from
accretion disks in black hole candidajegpJ 445 (June, 1995) 780-788.

10



