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Compact object displays drastic spectral and timing changiom the beginning to the end of
an outburst, showing the different efficiencies of accrepoocesses. Black hole binaries hence
exhibit schematically two different states in X-ray spacthe first dominated by a thermal com-
ponent and the second by a hard powerlaw shape like. Wheredsatd component is often
attributed to the emission of a radiatively inefficient auapthe thermal component is interpreted
as the emission of the optically thick accretion disc.

The commonly accepted picture suggests that the obseamsition between hard and soft states
is associated by a drop in the accretion efficiency of themtaécomponent by a recession of the
internal disc radius in hard states. However, recent ssuziised on relativistically broadened iron
line and the thermal component strength analysis would testiow the presence of the disc in
the vicinity of the horizon. By a reanalysis of archive spaethere thermal emission is present,
we tracked the values of the disc radii during outbursts aysaveral sources. Indeed, whereas a
constant inner radius would imply that the disc luminoshp@d monotonically depends on the
temperature, we show that this relationship seems to d@eatdhe lowest luminosities.
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1. Introduction

The powerful X-ray emission observed in X-ray binaries is now beligeetbme from the high
efficiency of the accretion processes around compact object, i.e.,teomestiar (NS) or a black
hole (BH). During outbursts, BH binaries use to transit between the ldc@anonical states”
which changes can be observed in X-ray spectra, radio and timing ibahésee e.g. [9] for the
classification, or also [1] for slightly different definitions).

Among them, the “soft state” is characterised by a strong soft componigndirray spectrum
(typically peaking at ® — 1 keV) and usually interpreted as the emission from an optically thick
accretion disc. On the contrary, the “hard state” exhibits a powerlaneshsyally extending up
to a few hundred of keV. The nature of the medium emitting this component is rstirudebate
and by analogy with the hard and optically thin emission of the sun, it was calbedoma. A
dichotomy can also be clearly identified between the hard state, where the tiariabilty and
the radio emission are high, and the soft state, where the latter are far dimorestservable.

Until recently, to explain those drastic changes, the accepted picture wehgmg changes in
the geometry of the accretion flow (see the contribution of J. Tomsick in thisnefar a review).
Of particular importance is the the inner accretion disc radius &luendeed, it determines the
efficiency of the accretion process in the disc due to the increase ofdkigagional potential in
the vicinity of the BH. The transition from soft to hard states are usually indézd as being partly
caused by the increase Bf,, from a few gravitational radiRy to about hundreds, lowering the
accretion efficiency from the optically thick disc.

However, a recent debate flared-up about the relevance of suciepiSome XMM spectra
of GX 339-4 suggested that they could be compatible with a disc remainingtdalke horizon
of the black-hole, even in its hard state [11]. To measure the val&gy, pboth general relativity
broadening iron line model and strength of the thermal component wede ikeed considering
this latter component, it is possible to evaluate the valugpby using a simple multicolour disc
model. The disc luminositl.gisc will indeed be proportional tﬁe%'l'iﬁ, as the inner part of the disc
dominate the optically thick emission.

The aim of our work is to perform an extensive analysis of this thermal coemt, involv-
ing several sources and observatories, either by reanalysing dat&jrg the value given in the
literature.

2. Thedata set

Our data set is chosen to probe the thermal component close or durirtgtdh&ransition and also
in quiescence. ASj, [ R;S/“Mji/si with the multicolour disc model which is used in this whole
study (Mgisc is the accretion rate flowing through the disc), a disc radius increase is blesterved
with instruments working at low energy, such as XM@handraand Swift, but also past mission
like Beppo-SAX, ASCA or EUVE.

This study is based on a sample of 6 black hole candidates: XTE J111383%X339-4, GRO
J1655-40, XTE J1817-330, SWIFT J1753.5-0127 and AO 620-0fr. XHE J1118+480 2000
outburst, we first used the published results, where the disc geometry ity tracked by the

UV spectra [3, 7]. Those data are consistent with a quite cGld~ 24 eV) and recessed disc
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Figure 1: Schematic process we adopted to probe if the variation icahenn density value observed is a
systematic effect of data analysis or real. This compaiiscalled thefff method in the text.

(Rin ~ 700Ry with M = 8.5 M, andd = 1.7 kpc). We also reanalysed Beppo-SAX spectra (LECS,
MECS and PDS) of the same source observed during the same outbrgihefimal component is
however consistent with a disc closer to the black hole horizon (thougrestidbsed ay, ~ 35Ry)
and hotter Tj, ~ 65 eV). As this discrepancy is still unclear, we decided to keep both re¥uts
also included the results coming from the quiescent observations of XTEB3480 and A0 620-
00 [8].

A significant part of this study is based @wiffXRT data, as about 110 GRO J1655-40,
XTE J1817-330, GX 339-4 and SWIFT J1753.5-0127 spectra algsmta The use of the latest
response files allows us to fit the spectra between 0.3 and 10 keV in WT mutl6.&10 keV for
LrPD mode). In addition, three ASCA GX 339-4 (1994 and 1995 outbusgtsctra were included
and also the XMM long study performed by [11]. We usesPECVv12.3.1a0 to fit the spectra with
an absorbedaabs) multicolour disc modeldi skbb) and a powerlaw.

3. A varying absor ption?

In spectral analysis, the evaluation of the thermal component strengtiinéaice the value d®;,)
may interfere with the absorption value and especially wheis lowering. For example, the effect
of the absorption begin to be noticeable undé&rkeV in a spectrum iNg > 10% cm2.

We therefore decided to examine in details the abilit®wift XRT to disentangle this possible
degeneracy by following the method summed-up in Fig. 1. Each spectruralissad following
two ways. On the one hand, we simply fit it with the best model (a powerlawaandlticolour
disc when necessary), leaving the absorption free to vary. We theim dibfzarameter and among
them a value of the absorptiddy. On the other hand, we apply tlfi€ method: we first fit the
spectrum with dixed absorption, hence we obtain fit parameters. Theffiake a spectrum with
those fit parameters and fit this fake spectrum by allowing nowthi freely vary. At the end we
compare the values ®fy obtained with the real spectra, and the ones obtained wittfiftheethod.
In the hypothesis that variations Nfy were only due to the spectral analysis, one should therefore
obtain the same values with both methods.

The evolution of the absorption as a function of the powerlaw photon iRdextained for
XTE J1817-330 and SWIFT J1753.5 is displayed in Fig. 2 for both methodfioWws first that a
trend can be noted for both sources. The highehe higheMNy in real spectra. Moreover, paying



Evolution of the disc radii during outburst of X-ray binasias infered from thermal emission.
Clément Cabanac

XTE J1817-330, real data, N free XTE J1817-330, Nh = 1.2.10%! cm™2 fixed then faked

05 TTTTTTT T I T T T T[T T[T T T [T TTTTT 05 T[T I T T T T T[T

o
()

|
o Nn (10?22 cm™)
P o

e

o h
(@]
‘| —TTT

1.5 20 25 30 35 40 45 15 20 25 30 35 40 45
r r
Swift J1753.5-0127, Ny free Swift J1753.5-0127, N = 2.4.1021 cm™2 fixed then faked
0.3 YT I ||_|42u||||||||||||||||||||| q 0.3 L A U LU L U ) L
3 | Lt E 3 + NE
0.25 _— —_: 0.25 _— ~~~~~~~~ L, Sox S —_:
T f A 5
e b I8 _F E
S 02 4 S o02F -
£0.16 [ 4 Zoi6 |- .
0.14 | - 0.14 | -
0.12 wonlnedbe e el e b 0.12 _|||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||_
14 15 16 1.7 18 19 20 21 22 14 15 16 17 18 19 20 21 22
r r

Figure 2: Column density variation during the Swift observation of X71817-330 and SWIFT J1753.5-
0127 when high energy component in real and faked data agd fitith a powerlaw model. The model is
either a simplevabs« po (©) or awabs« (diskbb+ po) (A). Red dashed line shows the fit by a powerlaw of
the A and the dotted-dashed blue line is a fit of all acceptabletp@h ando whenl > 1).

attention to thdff spectra (right column plots on Fig. 2), we note that this trend, thoughirése
quite less intense. This is confirmed by analysing the statistical errors orothétation and also
noticed in GX 339-4 and GRO J1655-8Wift XRT spectra (see [2] for further details).

We conclude that when analysiSyvift XRT spectra, one has to leave the absorption free to vary,
as there seem to be a real variation of the absorption during the outburst.

4. Thedisc evolution in XTE J1817-330

Whereas for the previous study we included the maximum of spectra avaiiabtle following,

we only include the one where a thermal component is necessary (i.ecedegfti> 1.2 with a
single absorbed powerlaw and F-test probabiityl0~? when adding a disc). According to the
previous section, adopting a fr&g in the fitting process, we show that an absorbed powerlaw is
sufficient to fit the data in the last three observations of the sourcecgdond always under 1.1,
see [2]), whereas [13], performing a similar analysis but fixing the vafidy, suggest that a disc
component was required.
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Figure 3: Variation of the disc properties during the decline of XTBI7-330 when leaving the absorption
free to vary. ThekTin VS Lgisc/Ledd, KTin VS Rin/Rg @andLpoi/Ledd VS Rin/Rg data sets have been fitted by
a broken powerlaw (red solid broken lines). The blue dotteshed lines plotted in the upper right panel
are showing constant disc accretion rteg profile. From upper right to lower leftmy = Md/MEdd =
0.01, 0.005, 0.002 and the accretion efficiency at the Eddington luminagiyy = 0.1.

The results concerning the remaining spectra are however quite intenegjarging the evo-
lution of R, as shown in Fig. 3. When examining the evolutiomgfas a function of_g;sc, @ drop
can clearly be noted undégisc < 0.018 gqq (assumingl = 6 M, andd = 6.3 kpc). This has
been tested by fitting th&, vs Lgisc relationship with either a simple powerlaw (spl) or a broken
powerlaw (bknpl). The break is thus clearly necessary (p@,jﬂpI =115 Whereas(szIDI = 4.96).
Moreover, over the break, the fit results are consistent lith 0 T2, which is expected for a
constant inner radius, whereas it is not the case anymore under tiedbtgisc ~ 0.014 Lgqq.

The same analysis was performed with the bolometric and disc luminosities in funétive
inferred radius, and it gives similar results: undgg ~ 0.015Lgqq, the data are consistent with a
disc that begins to recess. This is consistent with the results obtained by{bling an irradiated
disc model.

The analysis of th&;, as a function o, relationship gives another information. The begin-
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Figure 4: Left panel kT, versusLgise/Leds. The black dashed correspondTig O (Lgisc/Ledd)*2°. The
impact of the orbital parameters (distance, mass and atahin angle) uncertainties on the disc luminosity
is shown on the inset for each sourdright panel Lyg/Lgqq VErsusRy,. Continuous curve refers to the
accretion model or timing relationship used (see text)aPaters value used: ADAF = 1.33x 10 2 and

B =108 MHO02 [10]: o = 0.3 andB = 0.11. RCO00 [12]:a =3 x 10 ° andB = 0.11. K07 refers to [6].
Color/symbol codes: GX 339-4/¢( SWIFT data.v: [15]. /\: ASCA data. A: [11]). GRO J1655-40,
SWIFT data). XTE J1817-330( SWIFT data.l: [14]). SWIFT J1753.5-012KX, SWIFT data). XTE
J1118+480+4. open : EUVE data, [3, 7]. filled : SAX data). A0 620-00)(

ning of this disc recession seems indeed to occur at constant accre¢iom tze disary. It would
mean that the observed drop in the disc luminosity at the beginning of this trarisitoly due to
the disc recession, and not to the decrease of the accretion rate flowonghtthe disc.

5. Multi-sources analysis

We then include the other data set available to see how typical XTE J1&LBe3@&viour was for
BHB. It also allows a wide extension of the previous study as the bolometric asityri g is now
probed from quiescencéyy ~ 10~ Lgqq) to the highest state$ o ~ Leqq). Figs. 4 and 5 show
the results obtained with our whole data set.

The main result deals with the disc radius evolution as a function of the lumin&itgr Ly >

10 °Lgqq the data are consistent with a constant radius, close to the ISCO. Onrtrargo
under this value, th&, versusLgisc/Leqgq relationship clearly deviates from the expeciigzd
(Lgise/Ledd)*2° in a constanR, hypothesis.

By using the normalisation value of the multicolour disc to estimate the inner radtushtain the
right plot of Fig 4. The disc radius values obtained are therefore densiwith a recessed disc
whenLyo < 102Lgqgq. Moreover the left plot of Fig. 5 seems to confirm that the beginning of the
disc recession takes place at constentHowever, the accretion rate in the disc in quiescence then
drops by about 3 order of magnitude, suggesting that both a lowerimgteccrate and the disc
recession may contribute to the observed drop in luminosity.

We also attempt to plot the evolution of the sources in a Disc Fraction Luminosigréa(right
plot of Fig. 5, see e.g. [4] and reference therein for the definitionjclwfollows the contribution

of each component (optically thin vs optically thin) during the outburst. Thtepadrawn by XTE
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Figure 5: Left panel T, versusR;,. Blue dotted-dashed linesT, 0 Ri;3/4 relationships obtained for a
8 My BH accreting at constanty and an Eddington efficiencijggq = 0.1. From upper right to lower
left g = 1,10 2,10 4,10 6,10 8. Right panel Disc Fraction Luminosity Diagram of the whole set of
observations presented in this paper. The arrow represestipposed path in the DFLD during an outburst,
starting from quiescencel, is the luminosity of the absorbed powerlaw component catedl between
0.05 and 200 keV. Color/symbol code is the same as in the figure

J1817-330 is interesting as it follows part of the expected track of a Bi@n the softest state,
when the bolometric flux decrease, the thermal component dominate thél wamosity. Then,

at aboutlpo ~ 10 ?Lgqq, the optically thin component suddenly increase its contribution to the
overall flux, at rather constant bolometric luminosity. However, we notetligadisc contribution

in quiescence is close to the one obtained in soft state. This is the reasonevyggest the
possible evolution of a BHB in the DFLD on Fig. 5.

We then try to constrain accretion models with our data. Three models are thgedias-
sic ADAF in its strong definition, and two models were evaporation by conductidhe inner
part of the disc takes place [10, 12]. In all those models, the drivingnpaters are the classical
viscosity parametesr and the magnetisatigh = Pyas/ (Pmag+ Pyas). They all predict a certaihy
vs Ry relationship according to the values of both parameters. We tried redsauabbinations
of (a,B) values that could link both the quiescent points and the last observatioe tigedisc is
not recessed (i.eLpol ~ 1072 Lggg andRin ~ 6 Ry). It appears first that the strong ADAF model
does not allow to fit those two ends with a single viscosity parameter valuseaodd that a high
magnetisation is necessary for both other models (see caption of Fig. Wevielp the value of
a ~ 3 x 107° required for [12] model seems quite low compared to the one required vaih [1
(a ~0.3).

At the end we compared our data to the expected behaviour derivedHeovariability plane
found by [6] for accreting compact objects, that links the typical fregyebserved in the power
spectra (), the BH massN!) and the total accretion rate (in Eddington units) -

<sz) <10'\hﬂflo) 0. (5.1)
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If the frequencyw, comes from Keplerian motion &;,, and in the inefficient regime whetg O

7, we then expect that:

Lbol <R'”) ,3. (5.2)
LEdd Ry

The previous relationship is then overplotted on the right panel of Fig.edndhmalisation being

adjusted to fit the data at lowest luminosities of XTE J1817-330. We can aethih relationship
is then also consistent with the data in quiescence.

6. Discussions

In this study we have been focusing on the evolution of the optically thick dismetry as
inferred from the thermal component. As the normalisation of this comporambe affected
by the absorption in the line of sight, we studied the possible changes of thes diaring state
evolution. We showed witlswift XRT data that a possible trend could be noticed and hence that
the Ny should be thawed during the fitting process.

We then demonstrated, first on the striking example of XTE J1817-330othire comparison
with other sources, that the evolution was compatible with a disc recessimglw$ie 10 2Lgqg.
Thelyg VS Ry data points obtained are also consistent with models where evaporatiorimmidine
part of the disc takes place, with a high magnetisation. The radius evolutitoisansistent with
the expected relationship derived from the timing behaviour in X-ray bigarie

We note however that our conclusions can be affected by seveeat®ffFirst, the simple
multicolour disc model used in this study can be, under certain circumstamgasysical. How-
ever, these drawbacks are significant when the comptonised comp@dentinating the spectrum
and always lead to an apparent decreasBpfwhenever even if it remains constant in reality.
Modelling of such irradiated disc has been performed on XTE J1817<38wing that the disc
recession is even emphasised when the comptonised flux dominates [Sn&lyss of our data
set in this framework is showing the same trend.

On the contrary, the addition of a reflection component on the disc coulcegfgain part of the
soft X-ray emission (by reprocessing part of the hard emission)gdsitrg the disc intensity and
hence the inner radius inferred from the fits by a multicolour disc.
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