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ABSTRACT

The microquasar GX 3394 experienced a new outburst in 2010: it was observed simedissly at various wavelengths from radio up
to softy-rays. We focused on observations that are quasi-simateneith those made with th & TEGRAL and RXTE satellites:
these were collected in 2010 March—April during dMTEGRAL Target of Opportunity program, and during some of the other
INTEGRAL observing programs with GX 339 in the field-of-view. X-ray transients are extreme systeéha often harbour a
black hole, and are known to emit throughout the whole edectignetic spectrum when in outburst. The goals of our progree

to understand the evolution of the physical processes ¢ttdiee black hole and to study the connections between thetimt
and ejection. We analysed radio, NIR, optical, UV, X-ray aoft y-ray observations. We studied the source evolution in beyai
producing light curves, hardness-intensity diagrams gedtsa. We fitted the broadband data with phenomenolodluah, physical,
models to study the emission coming from the distinct conepts Based on the energy spectra, the source evolved feorationical
hard state to the canonical soft state. The source showexy Xpectral variations that were correlated with changeadio, NIR
and optical emission. The bolometric flux increased fromt@3.9x107® erg cnt? s while the relative flux and contribution of the
hot medium globally decreased. Reprocessing in the disdikedg to be strong at the end of our observations. The sosinogved a
behaviour similar to that of previous outbursts, with somrmal deviations in the hard X-rays parameters’ evolutione Tadio, NIR
and optical emission from jets was detected, and seen taafatlee source softened. The results are discussed withaotitext of
disc and jet models.

Key words. black hole physics — stars: individual: GX 339 — gamma rays: general — X-rays: binaries — infrared: géreradio
continuum: general

1. Introduction ing in the disc undergo inverse Comptonization. This result
_in a power law spectrum that has been detected up to a few

X-ray transients (XTs) are accreting low-mass X-ray bgiri \jev in some source$ (Grove et al. 1998; Zdziarski &t al. 2004;
(LMXBs) that spend most_ofthelrtlmeln afqmt,_qwgsceatst Cadolle Bel et all 2006: Laurent & Titarchik 2007). The exact
They undergo large amplitude outbursts with rise times & onyrigin of this high-energy power law spectrum is, howeveb-s

a few days or weeks (or months in the case of GX-389with jacy g debate, and part of the high-energy emission costéau
typical recurrence periods of many years (Tanak hib Zgjﬂse from synchrotron emission from a relativistic jettls
[1996). It is commonly accepted that the outburst of an XTés Misually seen in the radio domain (Mafket all 2005). Note that
result of an accretion disc 'nStab'“mmomjs lLaurent et al.[(2011), through the discovery of polarizedhy
process triggers a transition from a quiescent state Withrt V g mission. recently showed that both inverse Comptonisaial

low mass accretion raten(<< 0.0IMeqq), where the source ac- gy chotron emission explained the 20 ke\tt@ MeV spectrum
tivity is very faint or undetected (luminositg 10° erg s'), ¢t e persistent X-ray binary Cygnus X-1.

to active states. During outbursts, the optically thick ged- pe spectral characteristics are coupled witfiedent levels of
metrlc_;allly th'rl‘_z;é:g)egcr’:j ?ésrﬁpr;?;tﬁr\e/a;yr:wr;?ci:]gngtrt;%?é?h.;(e variability, quasi periodic oscillations (QPOs) obseniedhe
energies of1 keV. The inner regions of the disc (and the congﬁ\év?,\:it?]e{;%t}é%%i%rg? ngtr?es ?egee%g%%ﬂuﬁ%ﬁ(%oo
pact object) are embedded in a hot and tenuous medium_OfFﬁr\‘requencies (see, e.b.. Russell et al. 2006; Coriaf 208I9).
referred to as the corona, where soft X-ray photons origingl,seq on the relative strengths of each spectral compathent,
degree of variability and shape of the PDS, and properties of

Send offprint  requests  to: Dr. Cadolle Bel: the radio emission, dierent spectral states have been defined
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Fig. 1. Daily RXTE/ASM (red),Swift/BAT (green) andNTEGRAL/ISGRI (per pointing, blue) light curves of GX 332 during the
2010 outburst. Other observations performed with ATCA, A&, the REMROSS, REMIR and the ESGBAAC telescopes are
indicated.The blue numbers near the bottom of the Figur&éNIrEGRAL revolution numbers (see Taljle 1 for details).
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(e.g.,/McClintock & Remillard 2006; Homan & Belldni 2005).soft X-rays while it kept declining in hard X-rays (as annoed
The two main canonical spectral states are the/land state in [Shaposhnikov & Tomsick 2010; ¥u 2010), exiting the LHS
(LHS) and the higfsoft state (HSS). In the LHS, the X-ray en{Buxton et all 201/0) towards a softer state.
ergy spectrum is dominated by hard power law-like emissidtere, we report the results of outNTEGRAL obser-
and the PDS shows a high level of variability dominated byations of GX 3394 together with Swift, RXTE and
a strong £30% fractional rms) band-limited noise, associatedV/opticafNIR/radio data. We start with a description of the
with the presence of low-frequency QPOs. The LHS exhibitsawvailable data and of the analysis procedures employed in
continuously launched compact jet, whose radio-spectsiftati  Sect[2. Results are presented in 9dct. 3, followed by thigir-i

rbel et all 2000, 2008; Gallo etlal. 2003, 2006; Fendelk et pretations and modelling in Sefl. 4. We summarize our ssudie

). In the HSS, thermal emission from the disc dominat@sSect[b.

the spectrum, and the PDS shows only a weak power law noise
component. No core radio emission is detected, and radéxdet
tions made during the HSS are likely to originate in discej¢e- 2. Observations and data reduction
tions launched previously (see, e.Q., _Fender et al.|2008erO _ . . .
states have been identified and both are intermediate flavorg @ble [1 summarizes the observations analysed in this pa-

the canonical ones. These are the HIMS (hard intermedate)stPe", Providing instrument details, energy ranges dates and
ined in Belioni (301 modes. FigurE]1 shows tHRXTE/ASM, SMFT/BAT X-ray and

INTEGRAL light curves of the outburst, with the time of the

GX 339-4 is a recurrent XT with regular outbursts, shown t@ther multi-wavelength observations indicated.

be a~7 solar mass BH from dynamical studiés (Hynes ét al.

12003] MuﬁQz-Darias et al. 2(1_08) with well-sampled X—ragg(e. 21 INTEGRAL

[Belloni et al/ 2005) and multi-wavelength coverage durings o

bursts (e.gl, Corbel etlal. 2000; Homan et al. 2005; Coriallet Target of Opportunity observations were performed during

2009). On January 3, 2010, GX 338 entered a new outburst55259-55261 and 55301-55303 MJD, corresponding to rev-
[.2010). We triggerédTEGRAL during the ini- olutions # 902 and # 916 respectively (hereafter, Rev.: an

tial hard X-ray phasﬂEOlO); subs®VTEGRAL orbit around the Earth lasts3 days). We also used

quently, we triggered the second part of dMTEGRAL cam- data fromINTEGRAL programs of observations of the Galactic

paign on GX 3394 (see Fig1) in its declining hard X-ray phaséulge (Kuulkers et al. 2007), RX J1713.7-3946 and the Gilact

(Cadolle Bel et all._ 2010). The source increased in interigity disc (performed between 55237-55285 MJD, Rev. # 895-910).




M. Cadolle Bel et al.: Multi-wavelength studies of GX 339 3

Table 1. Log of the GX 339-4 observations analysed in this paper.

Observatory Instrument Bandpass Period Observation Type
(MJD-55000)
INTEGRAL®  IBIS/ISGRI 18—200 keV  237.5-303.3 ToOX5P, Hext)
JEM-X 5-25 keV 237.5-303.3 ToO
RXTE? PCA 3-25 keV 208.5-345.4 Public
Swift XRT 0.3-10 keV 217.7-352.3 Public
BAT 20-100 keV ~ 217.7-352.3 Public
UvoT 180-600 nm  217.7-352.3 Public
REM¢ ROSS, REMIR  550-2159 nm  260.2—-261.4 and 303 ToO
FTS Merope 460-883 nm 237.7-337.8 Public
ATCAd - 5.5-9 GHz 261-263 ToO

a Interrupted observations: almost all Rev.3 days) between # 895-916 flWTEGRAL ; Galactic Bulge monitoring foRXTE.
b 5x5 dither pattern around the nominal target location.

¢ Hexagonal pattern around the nominal target location.

4 Snap-shot observations with the specified instrumentscaivers.

The IBIFISGRI and JEM-X data were reduced using star23. Swift
dard analysis procedures of theff@Qine Scientific Analysis

0SA 9.9 following standard procedures (e.g.. Rodriguez bt 6@II the Swift/XRT observations discussed in this paper were
;L.Cadolle Bel et &

[._2009) for the production of image jade in Window Timing (WT) mode to avoid pile up due

spectra and light curves. Systematic errors of 2% were ad Qﬂthe. source brightness. Level 2 event files were produced
for both JEM-X (in the 5-25 keV range) and ISGRI (in the 181°9"'0WINg §tandard processing and screening procedurés wi
400 keV range). We used the maps, the response matricesandfffPireline (v0.12.6). The source and background spectra
off-axis and background corrections fr@sa 9.9. We checked WEre then extracted from these files withiselect from the
that the spectral index did not change by more than 2% dLgl.r—ade O events pnly. Source spectra were obtq|_ned W't.h'n a 40
ing a single revolution by carrying out spectral analysisdfach pixel diameter circle centr(_ad on th_e source position, "‘Mek'
pointing. The low level of spectral variation over a singéy+ groun_d speclra were obt_amed using a S|_m|lar §|ze_d regian at
olution allowed us to average all spectra belonging to theesa Off-axis position. An ancillary response file taking into acabu
revolution, which permitted the signal to noise ratio to be i the exposure map of the observation was generated f(_)r e_ach
proved. The ISGRI light curves are shown in Figufes 1 nds@ectrum withxkrtmkarf, and the latest version of the redistri-
(fourth panel down). We could only perform JEM-X analysis oRution matrix file was used in the fitting process. The origina
our ToO data as the source was outside the field-of-view (Foggectra ha_1ve been reb'”ﬂed by a factor QM bef(_)re the_ f'““_"g P
of JEM-X in the other programs. Since tiRXTE/PCA instru- CESS. B_esm_les, the BAT light curve (publicly available ore) is
ment observed the source more frequently and had a higher fﬁ?"gg!ﬂ FlggreEIl arid 2 (ﬁlh'rd p()jar;el do‘?’g&/.ft UVOT (UV
sitivity than JEM-X, the JEM-X data were not included in th n é" |t|_on|, lata were co _er?teMJDrom trewi /f 5é217
broad-band spectra so as to be consistent over all our data %3 1(())pt|.ca )I mstrumlent,_ mTEGRALSF%%nmng Ur\(;gT p o
However, we verified that the best-fit spectral parametdrgus simultaneously wit - INe SIX liters
JEM-X and PCA were consistent within the error bars. span the wavelength range 1800-6000 A. The camera has a
17’ x 17' FOV, resulting in images of 204& 2048 pixels
(Roming et al| 2005). UVOT images are combined using the
standard UVOTuvotimsum routine and magnitudes calculated
22 RXTE using theuvotsource command as provided by HEASARC us-
& ing an aperture of 6” (sele_Poole etlal. 2008). Detections (at a
significance of ) are discussed in Sectigh 4.

We analysed all available observations, taken about onee ev
ery two days from~ 55217 to 55311 MJD. Each observatiorf-4- REM and FTS

lasted betweer1 and 5 ks. Th&RXTE data were reduced with Optical and NIR observations were performed with
theHEASOFT software package v6.10, following standard procghe REM (rapid eye mounting) telescope (see, e.g.,
dures (see Rodriguez et al. 2008). Energy spectra were &aly[erhi & The Rem Team | 2001: [ Chincariniei al. [ 2003:
tracted from the top layer of PCA detector 2. We used theﬂatmm_o_e_t_al.LZQ_M) equipped with the ROSS optical spec-
calibration files prOVided bythEXTE guest ObserverfaCility.A trographimager and the REMIR NIR camera. Observations
level of 0.6% systematic error was adopted for GX38% ac- of GX 339-4 were carried out around 55260.3, 55261.3 and
count for uncertainties in the PCA resporise (Jahodalet @6)20 55303.3 MJD. Image reduction was carried out by following
The resultanRXTE/PCA spectra of a single observation wer@tandard procedures: subtraction of an averaged bias frame
fitted SimultanEOUS|y between 3-25 keV. Note that we alseadqind division by a normalized flat frame. Astrometry was
the IBIFISGRI data when available; on&/TEGRAL revolu- performed using the USNOBfi@nd the 2MASB catalogues.

tion corresponds typically to three distinl®XTE observations aperture photometry was performed with the SExtractor pack
(we checked the spectral parameters were not changindisigni
cantly and could be averaged). ASM and PCA light curves aré httpy/www.nofs.navy.mjldatafchpix/
shown in FiguréR (first and second panels down). 2 httpy/www.ipac.caltech.eddmasg
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age ((Bertin & Arnouis 1996) for all the objects in the field to

analyse the REM data. The calibration was done against llando 20F jr *ﬁﬁ% :
standard stars for the optical filters and against the 2MASSZ 28 3 L %ﬁ%m%@ﬁm
catalog for NIR filters. In order to minimize any systematic Ry . WM v 7 E
effect, we performed dierential photometry with respect to a 1009 e H _— =
selection of local isolated and non-saturated standarsl. sta 800 E f#ﬁﬁ% E
Optical data have also been collected using the 2-metre:imb0§ 600 F #w** %&w E
Faulkes Telescope South (FTS) located at Siding Spring, New 400 & 4 E
South Wales, Australia using the Merope camera (EM03) 2O0: ... smmesit®” E
coupled with an E2V CCD42-40DD CCD. This produces a 4.7 0.15F 1 =
x 4.7 FOV and images of 2048 2048 pixels binned %X 2to < o.10[ S =
give 1024x 1024 pixels at 0.278 arcsec pix&lScience images " 005t M ks E
. . . . . . 7+M iﬁw% ) 7
were produced using an automatic pipeline which de-biasgésa 0.00 i i
flat-fields the raw imagBs Generally, 200 second exposures _ 40- g% :
were acquired in each of the Bess&lBesselR and SDSS! S 300 E
filters, approximately weekly as part of a long-term monitgr ~ * 20 ﬁ E
campaign on GX 3394 and 34 other LMXBS@I. 1og , 7§ 3
). On some dates, multiple images were taken (mostly 1455 §§r S E
in the i’ band) to investigate variability on minute-timescales.- 15.0¢ i i E
Seeing values range from 0.8 to 3."2. Images were discarded 155 1. T E
if the signal-to-noise ratio was low (often due to thin clpuar 1890 - b, R 3
if the tracking or focus were poor. In total, there are 33&ilesa 15'0 E . Ll * E
images taken within the time range of interest. We performed = L E
aperture photometry of GX 339 and four nearby field stars ~ 15°F T - E
using APPHOT inIRAF. In addition, we used a non-variable 16.0- _Ewra M
star, which was fainter or of similar magnitude to GX 339 155E ;*ﬁ * E
to assess its level of variability. A fixed aperture radiuséof .. F S * ]
pixels along with a background annulus of 10—20 pixels was '°°F ot T R
adopted for all stars in all filters. Flux calibrationVh R andi’ 165 b E
bands was achieved using photometry of the standard stdr fiel 55200 55250 55300 55350
RU 149, from the list of Landolt photometric stafs (Landolt Time (MJID)

[1992), which are observed regularly by FTS. We used the stgig 2 RXTE/ASM (cts st in 1.5-12 keV), PCA (cts &
A, B, C, D and F as catalogued in the star field RU 149. Thej, "3_30 keV), Swift/BAT (cts cnt? st in 15-50 keV),
magnitudes of the stars in the RU 149 field were estimated frQqRitEGRAL/ISGRI (cts s in 40-80 keV) and FTS light curves

the knownR and | band magnitudes using the conversion QfiitersVV. R andi’) obtained from 55200 to 55400 MJD.
Jordi et al.[(2006). Uncertainties were calculated fronrérge ¥ ’ )

of measurements from the RU 149 field stars (5 sta29er fil-

ter= 10 measurements per filter). We used the smékkdinces

between our measurements and these reported measurements

to apply a small correction to th¥, R andi” calibration of 3 ;7 ' jght curves

the GX 339-4 field stars to achieve a more accurate calibra-

tion. FTS light curves are shown in Figlile 2 (lower three f8ne Fig.[2 presents the light curves obtained with the ASM (2-10

keV), PCA (3-30), BAT (15-40 keV), ISGRI (40-80 keV) and

FTS (V, Randi’ magnitudes) instruments. The source shows the

25 Radio typical behaviour of a XT: the outburst started in hard Xsray
"~ probably around-55199 MJD. The light curve morphologies at

GX 339-4 was frequently observed at radio frequencies wiffi€ Peak of BAT and ASM are quitefterent. The hard X-rays
the Australia Telescope Compact Array (ATCA) and the nefifoPped before the soft X-ray peak: around 55295 MJD, the: har
CABB back-end. ATCA observed the source several times (Birays reached their peak and the emission started to dsrea
Corbel) during the outburst. We concentrated on the simaita (With & secondary peak at 55319 MJD) while the source contin-
ous observations gathered WitNTEGRAL and ground-based Ued 10 increase in soft X-rays until 55327 MJD (i.e., morentha
instruments at 55261.89 and 55262.91 MJD. Fluxes were5at §,month later), before decreasing. This behaviour is inifea
and 9.0 GHz, respectively, 9.82.10 mJy, 9.560.05 mJy then Of & state transition from a hard to a softer state. The dptica
8.16:0.05 mJy and 7.940.10 mJy. (e.g., Fig[2) also dropped at the start of the transitioreas
ported in previous outbursts of GX 338 (Homan et dl. 2005;

Coriat et all 2009).
While during 55259.9-55261.1 MJD (Rev. # 902) the source
was still in a hard state, during 55301.1-55303.3 MJD (Rev. #
916) GX 339-4 was extremely bright in the SWIKRT (> 400

ts s1) instrument. The JEM-X fluxes were around 370 mCrab

nd 240 mCrab in, respectively, the 3—-10 and 10-20 keV energy
bands, while the ISGRI fluxes were varying around 190 mCrab
and 130 mCrab in the 20—40 keV and 40-80 keV energy bands.
These numbers show the X-ray source was softening.

3. Results

The following sub-sections refer to they<ray, UV, optical and
NIR light curves shown in Figgl 2 as well as to the HID (. 3
and radio data. Some spectra are shown in Eigs. 4and 5.

3 httpy/telescope.livim.ac.yknfo/TellnsyInsyRAT Cami#pipe
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Fig.3. HID of GX 339-4 (logarithmic scale) obtained with

the top layer oRXTE/PCA (2.3-19.1 keV, detector 2) betweerfig.5. Same as Fid]4, but in distinct units: k&% Photons
55208 and 55347 MJDs (the numbers indicate some of ther?s* kev>.

INTEGRAL revolutions). The source globally evolves frontbo

tom to top, and from right to left.

simultaneously withXSPEC v12.6.0 (Arnaud[1996). Several
models were tested when analyzing the spectra. A normaliza-
tion constant was added to account for uncertainties in the
cross-calibration of the instruments. The data were in ggne
well fitted using absorbed power law (or cut-power law and
Comptonization) with reflection combined with a multicotou
black-body, and a Gaussian at6.5 keV attributed to a fluo-
rescent iron (Fe) line. The line centroid could not be weh-co
strained by the PCA: we thus fixed the energy of the line to
lie between~ 6 keV and 7.5 keV. An additional line at 2 keV
(due to calibration problems) was sometimes needed in XRT.
Absorption was a combination of a fixed interstellar compane
(abundances fixed to_Wilms etlal. 2000) plus a variable local
component. XRT found the total absorption to vary betweér 4.
6.3 x 10°! cm?, taking into account the statistical uncertain-
ties (£0.07), and the dependence on the position of the source
Energy (keV) in the HID. The lower end (4.& 1C°' cm?) is compatible,
within the errors, with the average Galactic column denisity
Fig.4. Swift/XRT  (black), RXTE/PCA (red) and the source direction estimated from Kalberla étlal. (2005%
INTEGRAL/ISGRI (green) LHS count rate spectra of GXpossible that, up to about 1:410?! cm2 is intrinsic and vari-
339-4 (first ToO of March 2010, Rev. # 90255259.9-55261.1 able (seé Cabanac ef dl. (2009) for a detailed discussiomeof t
MJD) fitted with an absorbed multi-colour disc, reflectio®, Fvariations of the absorption in this source; XRT data wereaho
line and Comptonization components. ways available to do that in this work). For the disc compdnen
the piskee model inXSPEC (Mitsuda et all 1984) was used. We

then replaced the phenomenological models, that first aliow

Norm. Cts (st keV™?)

3.2. Hardness intensity diagram us to easily compare the spectral parameters over the atitbur
_ i with a more physical one, the thermal Comptonisation motlel o
To study the X-ray spectral and flux evolution during the outftarchul ). We tested the best modelling by adding-add

burst, we produced a hardness-intensity diagram (HID) Witfyna| contributions and we carefully checked any improeem
RXTE/PCA (Flg-B% similar to those widely used in the literajn the goodness of the fit. When a cuf-was needed, this pro-
ture (e.g. al. 2004). There wasINGEGRAL cov-  yided a good fit to almost all our data (see TdBle 2[@nd 3 for de-
erage from the start of the outburst to the peak, hence we fars: otherwise, we used a simple power law model), althoug
cused on the main part of the outburst simultaneously with oghe temperature of the seed photons (tied to the disc tettupeya
INTEGRAL data (the HID extends slightly beyond the maifygs not always well constrained.

data log analysed in this paper, to illustrate the evolutibthe The pest-fit parameters are reported in Table 2; Table 3 shows
source after our campaign). GX 338 followed the usual path the phenomenological cutfopower law parameters. In addi-
of XTs in outburst on this diagram (see, e.g., Belloni €180,  tion to providing a more physical interpretation to the dtis

with some small deviations in the usual track. model also permits us to avoid the divergence of the power law
flux towards low energy since Comptonisation significanty-c
tributes above 8 kTi,, and decreases significantly below this
energy. Our spectral fitting in general lead to normalization-

We fitted the closest (in time) XRT (0.5-9.2 keV, when availktants very close to 1 for all instruments. Examples of thedit
able), PCA (3—-30 keV) and IBJSSGRI (18-200 keV) spectra spectra obtained during olNTEGRAL observations are shown

3.3. X-ray and y-ray spectra
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Table 2. Best-fit spectral parameters around the period of our M¥ilEGRAL observations.

Time Observations  Disc North. KTin KT, (keV) 7° Ere line w'/2n X Fe  Fo,
(MJID?) (Rev. #) (keV) o (keV) (dof)
217.7-2178 N.A. 33784;;8333 0.18:0.01 TI=1.62:0.02 - 65303 034010 1.45(281) 1.43 NA.
237.5-240.2 895 35° 0.83:0.10 41° 16304 65608  025:005 0.84(97) 1.99 0.82
240.7-243.2 896 10@236 0.67:5%2 38" 1.69ﬁ8§§ 6.15t8¢5§ 0.199%  1.05(102) 2.19 0.89
243.7-246.2 897 10050 0.65:0.10 413 153812 600  021:003 1.13(103) 214 0.86
246.7-249.1 898 100°% 0.64092 39'8 1598 60005  022:005 1.14(102) 229 092
249.7-252.1 899 66j§§9 0.75j8-g4 403 15988 637020 026005 1.09(102) 249 1.02
252.5-255.1 900 102:51 0.638518 3974 1.59;8&g 6.1702%  0.259%  0.78(102) 2.74 1.09
255.6-258.1 901 124:3%8 o.7o;§§z 45j?1 1.36_*8313 6.31j8;§8 0.32:0.04 0.99(102) 3.18 1.25
259.9-261.1 902 8288%1%¢  0.19:0.01 383 1.49:8;12 6.23:8;18 0.25:0.04 1.58(333) 3.38 1.64
264.5-267.1 ooH 134 ggl 0.73012 39+ 1.45j8-}1 6.23028 0.349%  1.07(102) 4.21 151
267.6-270.1 905 183+1406 0.67:012 4173 1.31j831§1 6.2702  035:004 1.11(102) 4.60 1.61
270.4-272.8 906 3705%34 0.60812 38" 1a0lt 60788 03200 133102) 504 177
273.4-276.0 907 1985%° 0.680% 30+3 12881 6458 0.35j§1§§ 1.59 (102) 5.67 1.98
276.4-278.8 908 333745 0.62;8}%g 3743 1.28;8}ﬁ 6.29§8fgg 0.39:0.06 1.15(102) 6.59 2.15
279.4-281.5 909 328175 0.21j§;§% 39j§ 1.16;§;§ 6.2308  039:004 0.88(312) 7.80 2.79
281.7-281.8 N.A. 52+2 0.85:0.09 I'=1.80:0.01 - 6.27088  0.38:006 057(255) 7.94 NA.
282.4-284.9 910 32;;3 1.19210 404 114:012  6.09%%  049:004 096(96) 7.69 2.25
289.3-289.6 N.A. 84043@;8332235 o.1e§§;g% =1.79:0.03 - 614j8:%$ 0.28:0.07 1.34(228) 9.65 N.A.
297.8-297.9 N.A. 17409655620 0.22:0.01 I'=1.95:0.02 - 6.00%%  0.10:0.05 1.32(260) 11.4 N.A.
301.1-303.3 916 8196 061:0.02 2569, 0.01j§:§§ 6.0Q 022 0.51j§;§§ 1.91(252) 122 293
303.6-303.8 N.A. 26525 0.73:0.04 353, 0.50'928 6.74§§;€156 03694  1.77(192) 146 N.A.
310.6-310.7 N.A. 9998 1.00092  1=2.339% - 6.15008 - 1.50 (178) 13.3 N.A.
Notes:

Models applied irXSPEC notationScoNSTANT* PHABS* REFLECT* ( DISKBB+GAUSSIAN+POWERLAW) Of CONSTANT PHABS* REFLECT*( DISKBB+GAUSSIAN+COMPTT)
(not2 all components always needel)s the photon indexi\y varied between 4.9-6.8 10?* cm 2. Errors are given at the 90% confidence level
(Axy= =27).

a) MJD-55000.

b) Disc normalizatiorK is proportional to R/D)? coss, whereR is the inner disc radius in knD) is the distance to the source in kpc ahthe
inclination angle of the disc.

c) Plasma optical depth.

d) Reflection scaling factor (1 for isotropic source abowsei

e) Computed in the 2—20 keV range. Unitsr36rg cnr? s2,

f) X-ray bands extrapolated in the 0.01 keV-10 MeV ranget$Jdi0® erg cnm? s,

g) N.A. = Non Applicable (only XRT and PCA data available).

h) XRT data not available.

i) Pegged at lower limit (6 keV).

in counts in Fig[¥ with residuals, and in Fig. 5 in energy sinithe correction can vary with time. Therefore, in Hiyj. 6 weyonl
(keV? x Photons cim? s keV~1). A small excess was seen ashow the fraction of the flux that is in theskss component
high energies, but a non-thermal modelling did not improwe owith respect to the power law flux: as expected, its contribu-
fits: this excess was not significant. A plot summarizing tlaém tion increased with time. The reflection component alsovaal
spectral parameters for all the observations is shown inf@rig accordingly: its contribution increased with time, froni9.to
Large error bars correspond to poorly constrained data. 0.51, compatible with the source going to a softer state.

Apart from three very low values around 55217, 55260 and, , 55517 1o 55311 MJD, the power law photon index varied
55280 MJDs, the disc temperature values were remarkably COtween 1.6 and 2.4 (or a cutt@ower law between 1.3-2.3
stant, around 0.6-0.8 keV, until the source transited tof@rso Table3) Inthe earI)./ stages of tk?(:, outburst. a diitsmeeded in
state. After the transition, the disc temperature was fgﬂhﬂ the spec.;tral fits (the Comptonization modél improveskthg

at its lowest values, but it returned o its pre-transiti@iue .o o < disappears in the softer states. Indeed, latarada
(by 55302 MJD) within a time frame of about 10-12 daySOetterfitwith a simple power law model (Table 2). This indésa

g\éi? tg?;%g tﬁ)e .?ﬁ\évirblsaevyvgn dd?nxngfgﬁg‘cu?gmtoe'rr;%ergsgqés %ooling of the corona as the thermal component gets stronge
paragraph,). P d then a change of the emission mechanism at the state tran-

normalization evolution which could be high (up 55303 sitipn. This further confirms that the source made a traomsiti

MJD, Rev. #916) before decreasing (see Table 2), correspq a hard to soft state. With the model[of Titarchlk (1994),

to what is usually observed for GX 338 in outburst (see ; : -
Sect[4.]). The radius inferred fromskss is however question- we obtained temperatureisll) and optical depthr) values be

o ; fore Rev. # 916 that yield a Comptonization parametengyc?)
able Kﬁ_lﬂlnskl_el_aILZQ_d&. Seyerall corrections n.eed o be aBf 0.10-0.22, typical for a BH in the rising phase of the LHS.
plied (colour correction factor, irradiation of the dissttirting

the spectrum, physical prescription for the inner bound The bolometric flux extrapolated between 0.01 keV and 10 MeV

- L (note that the bulk of emission is between 0.1 and 100 ke\§ ros
dition), but these have large uncertainties. Moreoversthe of from 0.8 to 2. 10°8 erg cn2 -2 while the 2—20 keV flux rose
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Table 3. Cut-of power law best-fit parameters for the periods reported inel@b

Time INTEGRAL T E. e =2
(MJD?) Observations (Rev. #) (keV) (dof)

517.7-217.8 NA. LSEE 500, 156(280) 16
237.5-240.2 895 12§ 1208 08497 7
240.7-243.2 896 12006 1052 1.06(102) 2
243.7-246.2 897 12009 1253  075(103) 2
246.7-249.1 898 138§§ 111j§§ 118(102) 5
249.7-252.1 899 130,08 1188 123(102) 3
252.5-255.1 900 12008 1088 077(102) 2
255.6-258.1 901 1.39.07 134f3% 1.02(102) 10
259.9-261.1 902 16904 3289 169(333) 27
264.5-267.1 904 1304 8a&6 121(102) 8
267.6-270.1 905 14907 1164, 121(102) 11
270.4-272.8 906 14007 994  149(102) 10
273.4-276.0 907 14997 98 166(102) 11
276.4-278.8 908 1.4%@2 sgji,% 117 (102) 14
279.4-281.5 909 120,04 1832 092(312) 15
281.7-281.8 N.A. 16810 409, 1.49(254) 14
282.4-284.9 910 168 12677 153(96) 4
289.3-289.6 N.A. 1680.01 500, 173(227) 19
297.8-297.9 N.A. 1.94001 500, 1.86(259) 17
301.1-303.3 916 2903 99°.  169(252) 61
303.6-303.8 N.A. Logs a7 165192 84
310.6-310.7 N.A. 2338 500%,,, 1.55(177) 100

Notes:

a) MJD-55000.

b) Percentage of the disc flux versus the power law flux.
c) Pegged at hard limit (500 keV).

from 1.4 to 14.6x 10°° erg cnt? s1. After that, the spectral at time resolutions ok 1 sec in the LHS of GX 3394 (see,
parameters were compatible with the source making a tiansite.g.,. Gandhi et al. 2010). Between 55294-55297 MJD, the op-
from the LHS to the HIMS (untik 55303.6 MJD), then to softer tical flux faded rapidly by~ 1 mag in 3.0 dayd (Russell ef al.
states (to the SIMS until 55304.7 MJD, then quickly to the S8010) and a change in the SED to a bluer colour was seen
~ 55306.1 MJD, and finally back to the SIMS and HIMS (setsee Sec{_4]2). At the same time t8sift/BAT flux started to
Fig.[3) around 55320 MJD (Motta etlal. 2010b), but this is béade, marking the beginning of the transition away from the
yond the scope of our paper since it happened after the absetvHS (Fig.[2). The rapid optical fading was also accompanied
tions listed in our Tables. by a drop in thd’-band fractional rms variability to.2 + 0.7

% by ~55301 MJD. As the source continued to soften in X-rays

] ) (Fig.[3), the optical flux remained fairly constant in thddaling

3.4. Multi-wavelength studies few months, aroun ~ 16.5; R~ 16.0 andi’ ~ 16.0 mag, with

an i'-band fractional rms ok 5 %. REM data showed that the

. . ; source was basically at a constant luminosity on 55260-5526
with Swif/UVOT from ~ 55280 to 55300 MID (Y 2010), aImeOIMJD (during Rev. # 902) while on 55303 MJD (during Rev. #

at fast opticgJV variability in the hard state and transition. N : ; )
rapid opticalUV variability was detected due to the low UVO'?gggl) (t\r/u;ﬁglg_cg;ﬁg)e gr::(;) gi/l%;igg{o?){ﬁa éai%t(:;éﬁ ,\II?RI r&ea%%

gount ratei. Our Iog%ltgrq_]hFTS opticglllighht cu(;vbeyséof this-0 |y _hand), in agreement with the FTS results. Months later, af-
urst are shown in Figl 2. The source brightene mag in ! : . !
V, Randi’-bands from a low luminosity state in 2009 Octobeter the peak of the outburst, the optical and NIR brightresse

: heV, R, 1, J, H andK filters all went down. A spectrum was
55126 MJD |(Lewis & Russell 2009). GX 339 reached the A :
brightest magnitudes recorded, on 2010 April 1, 55287 MID aken with the ISAAC instrument on the ESO telescope between

. : 5261.3-55261.4 MJID and 55307.2-55307.2 MJD, and had a
=1505+0.02;R=14.49+0.01;i’ = 14.26+ 0.01), just before I y )
the start of the transition from the LHS to softer states.imgr flux and spectral shape similar to our REM and FTS photomet

this LHS rise, the source brightened at a mean rate @01 ric data (. Rahoui etal. 2011, in prep.).

mag d* between 55237-55287 MJD. There was consideralliae ATCA observations conducted on 55283 MJD showed flux
optical short-term variability in the LHS. From several senu- densities~ 20 mJy with an inverted radio spectrum, with a spec-
tive exposures between 55273-55320 MJD, we measured a fitaat index in the range+0.1 to +0.2, typical of powerful self-
tional rms variability in thé’ band that was fairly constant:9— absorbed compact jets observed in the LHS. On 55372 MJD, no
11% with typical errors ot 1 % (on each date, the time resoradio emission was detected at the location of GX-38%his
lution was between 90 and 130 seconds). This short-term vawias consistent with the source being in a soft state (Cotlal e
ability throughout the outburst, including the decay, Wil de- [2010b). Ejecta very close to the core of the system were de-
tailed in another paper (Russell et al. 2011, in prep.). @ur rtected with a spectral index of -0.88.08 (which is typical of
sults are similar to the optical fractional rms previoudpaorted optically thin synchrotron emission). The new radio sowes

Observations at other wavelengths of GX 333vere conducted
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component returns, we observe the spectral transition foack

§ E 3 . T3 softinto harder states, and a secondary peak in the hargs{-ra
o 10E L 3 The outburst evolution of GX 3394 during the 2010 episode is
o8k L 4 fairly typical of BH outbursts in general.
oeE Lt 3
ERN ettt o 3 Our spectral analysis showed that the source transited &om
“100E = initial LHS, with a spectrum dominated by Comptonization in
80 F “ 4 the beginning of the outburst (55217 55281 MJD), to softer
60 F + -  states where the power law cuffe/as not needed anymore and
T 4 the photon index of the power law was very softZ.3). In X-
20F . + L 4 ray binaries, a cutd power law spectrum is usually interpreted
E S AN 1 as the signature of inverse Comptonisation of soft seedopisot
iggg + T 2 by a thermalised (i.e., with velocities following a Maxwet
= 3002 + 7 distribution) p_opulation of electrons. Changes in_ the haooh-
= = ponent can signal the presence of a compact jet, a corona, or
§200¢ et t 3 reprocessed hard X-ray emission due to X-ray heating from an
100 £ trTete TARE * 3 extended central source. The hard component thereforeeslol
OF . = as expected. Regardless of the caveats mentioned in[S8ct. 3.
ggg + 7 about thepiskss components, and the exact value of the inner
1sE . + 3 radius obtained from the fits, we see a trend in the disc parame
I * o < ters (Tabl€R and Fifl] 6) which is compatible with an increzfse
1.4 J{ e + T Tt 4 the mass accretion rate before the transition. Then thegthbe
i;é & 3 ally recedes when the source reaches a low luminosity (spe, e
OF 1 [Tomsick etal! 2009), during the decay phase of the outburst.
= 15F 5 Although we have then observed the disc slowly moving out-
2 0k t . 1 wards during the hardening (Chen eft al. 1997; Cadolle Bl et a
R T ++H+ H+H T & 1 [2004), this is not necessarily true for all transient sosi(see,
< 05 E e.g.h [2006). This is still strongly debatéd (ﬁf al.
0.0F % N N 1 [2007{Rykdt et al 2007 Gierfiski et al[ 2008) as, for example,
55220 55240 55260 55280 55300 in XTE J1817330. We do not address this question specifically
Time (MJD) in this work as the majority of our data were taken in the LHS

Fig.6. Summary of the parameter evolutions of GX 339 a_n_d not !ong after the main _transition into softer statesadn

along its outburst: 2—20 keV flux (t®erg cn? s71), % of disc d|t|or),_ with a lower energy limit often at 3 keV, few data are
versus power law flux, high energy cut@nergy (keV), cor- sensitive enoug_h for this purpose. However, one can rerhatk t
responding photon index and inner disc temperature (ke§. She rather low disc temperatures are consistent with thga«nm

Tabled2 anfi]3, and text for details. object being a BH and not a neutron star ( ewin
:§|§$). The soft and hard X-rays evolved as seen in previotis ou

bursts of GX 3394: first in the HIMS, the source transited to
in the same direction as the large scale jets already ddtectefter states where the disc dominated the emission, thex inn
in GX 339-4 (seel Gallo et a 4): the impact of materiaflisc moved closer to the BH and then gradually cooled down
ejected by the system into the ISM was observed (see Disgusdiefore returning to quiescence.
Section). The spectral evolution is consistent with other works:
RXTE monitoring showed softening and LFQPO evolu-
_ _ tions [Shaposhnikov & Tomsick 2010; Motta et al. 2010a; Yu
4. Discussion 2010) as GX 3394 started to leave the LHS_(Motta ef al.
). Fig.[b shows some fifirences with the Fig. 6 of
[Motta et al. [(2009): while the fluxes, disc temperature and
According to\Wu et al.[(2010), this bright outburst shoulddia power law indices show the same trend, our individual dfit-o
peaked at- 0.83 Crab in hard X-rays. This is based on thealues are sometimes very high (e. g., near 55260 MJD), tlike i
empirical relationship between the hard X-ray peak flux artde HSS of their Fig. 6, and no cuffas needed. The evolution
the waiting time since the last bright (0.12 Crab) outburst of in the rising phase of the LHS is therefore not as smooth as
GX 339-4. The source transited at almost the expected time aexpected at higher energies (which are well constrained for
flux (see below); the softening of the X-ray flux at this traéiesi  the first time), but there is no clear explanation for thate Th
occurred at a slightly lower flux than the 2002—-2003 and 20@7%20 keV flux (from 1.43 to 14.& 107° erg cnT? s71) and the
outbursts, but at a brighter flux than the 2004—2005 outburkblometric flux (extrapolated from 0.01 to 1000 keV) vaoat
The transition may have occurred slightly earlier as theeeew (0.82 to 2.9%10°8 erg cn1? s7%) confirm this spectral evolution.
a few low-level LHS mini-outbursts between the 2007 and 20Tthe source reached a high luminosity at the maximum- of
outbursts[(Korlg 2008; Markwaldt 2009). These mini-outtsursl2.9 x (d/6 kpcy 10°7 erg s*. This represents 18% of the
could have emptied the disc a bit more than if the source waddington luminosity for a 7 solar mass BH; stellar mass
in true quiescence the whole time. The BAT, ISGRI, PCA anBHs accreting at or below 1® Lgyq are found in the LHS
ASM light curves show that the hard X-rays were dominate@icClintock & Remillard 2006). Besides, the evolution okth
by the power law component while the soft X-rays were mainkgflection component from 0.19 to 0.51 indicates that the®ou
due to the disc (whose flux increased with time) plus the powleecame softer. Later than the observations presented sn thi
law (which was fading at the same time). When the power lgpaper, the source switched back to the SIMS, and subseguentl

4.1. Interpretations
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to the HIMS. This is not unusual: during the decay of theifable 4. De-reddening parameters used to correct the
outbursts, XTE J1726318, XTE J1656500 and SWIFT UV/opticafNIR photometry of GX 3394 assuminde(B-V) =
J1753.50127 showed a slowly receding disc with a decreasirig21 + 0.17 mag, with the REM telescope, FTS and UVOT.
inner temperature, while at the same time the relative amoun

of the power law contribution increased again. A year after t Filter Ac Ay
beginning of its outburst (end of February 2011), GX 339 (A)  (mag)
finally switched back to the LHS (Russell & Lewis 2011a), and REM-V 5505 3.64
then to quiescenck (Russell & Lelkis 2011b). R 6588  2.81
I 8060 2.04
The broadband spectral parameter evolution from hard tb sof d iéggg 8'22
states, as well as our radidiR/optical studies, are consistent K 21600 0: 42

with the preliminary results of Lewis etlal. (2010); Corbehé FTSV 5148 369

(20104). A discrete radio ejection usually occurs arousditird R 6407  2.92
to soft transition in a BH transient outbutst: Corbel €t2010b) i’ 7545  2.27
witnessed with the ATCA the interaction of a relativistitiem ~UVOT-uw2 1928  9.74
GX 339-4 with the interstellar medium, implying that a major ~ um2 2246  10.97
ejection occurred earlier. During the LHS, we detected tra uwl 2600 7.91
pact core jet in the opticAR. The source continued to rise in u 3465  5.93
the LHS for a Whilem 0), therefore it was also ris- P 4392 4.88

v 5468 3.67

ing at radio frequencies. We added radio flux data to our SED
(Fig.[8) but the entire campaign will be presented in a fasthe
ing paper (Corbel et al. 2011, in prep.). The rapid drop inoapbt
flux and colour change observed at the start of the stateitrareglly thin synchrotron emission in the jet spectrum was tbtmn
tion are reminiscent of previous outbursts (Coriat et aD®0 vary between- 3.6 and 22um on timescales of minutes—hours.
Since rapid variability probably originates in the syndhoa jet Here, in Fig[Y, we are witnessing this jet component fadirey o
component (Casella etlal. 2010; Gandhi et al. 2010), thieris c timescales of days.
sistent with the jet no longer making a strong contribution t
the optical emission and that it was fading (Russell Bt al(20 We produced broader-band SEDs in two distinct spectradstat
Such chromatic behaviour, also observed in the REM datés hithard and soft), composed of simultaneous radio (when-avail
for the presence of a component mainly contributing in thR Nlable), (de-reddened) UepticafNIR and unabsorbed X-rgsoft
frequencies which then fades or disappears after the ti@msi y-ray data. They are shown in Figufés 8 ahd 9. In[Hig. 8, we plot
(see also Fid.]7). The optical and infrared flux continuedrtpd the data obtained during the firBA TEGRAL ToO (55259.9—
in the days following the transition. The changes in optital 55261.1 MJD, Rev. # 902). Fif] 8 is remarkably similar to the
and spectrum over the transition have been reported before fig. 2 of[Corbel & Fendée 2), focusing on GX 339jet
GX 339-4 (Homan et al. 2005%; Coriat et/al. 2009) and other Blsignatures during LHS. One can interpret the results withn si
LMXBs (see, e.g., Buxton & Bailyh 2004; Russell etlal. 2007)ple power laws, but note that this is a very rough approach and
In this paper, we clearly detect the jet evolution and itsitiic  not a physical model. An extrapolation of the radio data up to
quenching at all wavelengths. the NIR/optical clearly does not fit the data. Excess iftical
emission is observed. Possible sources of the residuasiemis
4.2. Spectral energy distributions are the disc, the irradiated face of the companion star @s th
o companion cannot contribute much, see Shahbaz et al! 2001;
To compute the NIPptical spectral energy distributions (SEDsHynes et all 2004) and the jets. Similarly, several power law
of the source, we first corrected our magnitudes for intiaste components with distinct slopes are needed to fit our SEDs.
absorption. We assumed a colour exces5(@&-V) = 1.2+0.1 For example using a simple, double power law fit to the data in
(zdziarski et all 1998), which is fully consistent with ouemy Fig.[7 gives indices 0f0.9 + 0.4 for the NIR range. We fixed
surements oy and of Corbel & Fender (2002). Using standarthe optical component (where the disc is assumed to donjinate
extinction curves from_Fitzpatrick (1999) and Kataoka ét alo 1.7 which is the value we found fitting a single power law
(2008), we obtained the de-reddening parameters for eamlirof to our SED around 55303 MJD, where the jet contribution was
UV/opticalNIR filters (Tablé). FigurEl7 was obtained with theabsent or still negligible (thus assuming that, at that apoe
FTS, SMARTS and REM data at four distinct epochs (see capaly have contribution from the disc). For this SED in thetsof
tion). The spectra clearly changed between the FT South astdte (Fig[®), we observed important spectral changesihoth
SMARTS epochs+55298 MJD).The jet faded over the transithe disc and hot medium components and found that a simple
tion and our last REM observations§5303 MJD), while the single power law model was enough to fit the \djticafNIR
other component (probably the disc) stayed about the sahee. Tlata (Fig[¥), with an index of. T + 0.2. This is indicative of
H-band faded by a factor of 10 whereas théand faded by a the fading jet componentin GX 339, as previously discussed.
factor >2.5. The jet contribution moved to lower frequenciesthe NIR/optical ESQISAAC spectroscopy taken at that time
data taken on~ 55298 MJD still have the jet dominating inwill be commented on in a forthcoming paper (Rahoui et al.,
the H-band in NIR, but no longer in the optical. The last SE2011).
is bluer according to Fid.]7. This is exactly what one can ex-
pect when a source undergoes a LHS to HSS spectral traster the LHS, the radio spectral index became typical of
tion: the colour changed and thermal processes startedté dooptically thin synchrotron radiation, probably as a resofit
nate. During the rising LHS, Gandhi et al. (2011, A&A, submitfreely expanding plasma blobs previously ejected (see, e.g
ted) found that the jet spectrum was highly variable in thd-milFender et al. 2004). This suggests that multiple ejecti@ntsy
IR. The break between optically thick (self-absorbed) apti-o took place during the outburst of GX 339 and then interacted
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Fig.7. Compiled SEDs with UVOT, REM, SMARTS (M. Buxton et al. 2011&A, submitted) and FTS data at distinct MJD:
MJD = 55260.21 (UVOTuwl, u and REMV, R, 1, J, H, K); MJD = 55281.78 (UVOTuw2 and FT%V, R, i’); MJD = 55297.96
(UVOT/uw2, FTYR, i and SMART$V, H) and MJD= 55303.30 (UVOTuw2,um2, uwl, u, b,v, SMARTSV, |, J, H and REMR).
The error bar is so large that the fluxesuefl, um2 anduw?2 are comparable (within the errors).
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Fig.8. SED from radio to sofy-ray data plotted in flux (ke¥/x cm™? x s x keV1) versus energy (keV) at 55259.9-55261.1

MJD (Rev. # 902). It is remarkably similar to the Fig. 2 of Cerl& Fender|(2002). The dash-line is a simple power law extiaon
of the two radio data points up to the NIR frequencies (thimisa physical model, but only shown for visual purpose; s [Z.2).

keV? cnt?2 st keV1?

with the interstellar mediurn_Corbel et al. (2010b). This Idou therein). In 2005, discrepancies observed between theabpti
potentially result in re-acceleration of particles up toryve and IR SEDs of XTE J1113480 suggested that the IR was
high energies. In general, the shape of our SEDs during tlieminated possibly by a jet whereas the optical was dominate
LHS are similar to the ones of the transient LMXB XTEby disc emission. Power law fits to optical SEDs have also been
J1118-480 (Chaty et al. 2003; Zurita etial. 2006): in its 200@erformed for other BH XTs in outburst (Hymes 2005). All
outburst, the SED from radio to X-rays has been explainegtical SEDs exhibit quasi power law spectra, wittranging

as a combination of synchrotron radiation from a jet andom 0.5-1.5, all steeper than that expected for a viscously
a truncated optically thick disc, whereas models assumihgated, multi-temperature dis§; « v/ (which differs from
advection dominated accretion flows alone underestimatedr value taken closer to the peak). Also, the authors foond f
the optical and IR fluxes_(Zurita etlal. 2006, and referencésese BHs that the UMpticajX-ray data - when detected -
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Fig.9. SED from NIR to softy-ray data plotted in flux (ke¥/x cm™ x s x keV~1) versus energy (keV) around 55301.1-55303.3
MJD (Rev. # 916).
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Fig.10. Unabsorbed fluxes density (in mJy) versus frequency (Hznhftbe RXTE (blue), REM and UVOT (black) data of
GX 339-4 fitted with a Gaussian, a Comptonization model plus 1) adiated disc (red) or 2) a viscous disc (pink) around
55303.6-55303.8 MJD. The irradiated disc fits the data betee Secf. 412).

could be fitted with a simple black-body model of an accretidhe flat-spectrum synchrotron emission may be importartién t
disc heated by internal viscosity and X-ray irradiationt the IR and optical in this source. However, they did not exclude
inner radius could not be well constrained. They conclutiedl t the alternative explanation that the IR excess could cooma fr
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the cool outer disc. More recently, Russell €t al. (2011)neves partly based on observations with INTEGRAL, and ESA mbjeith in-
showed in the colour-magnitude diagram of XTE J15564 Séfuments and science déli(ta centre funded by ES|A mﬁfﬁ;ﬁ féﬁﬂm)da"xa
; ; ; the PI countries: Denmark, France, Germany, ltaly, Swidpet; Spain), an
(Flg. 1 of Fhelr paper) thatr Can. Change dramatlca"y overPoIand, and with the participation of Russia and the USA, @ndbservations
state transmon_s. |I_’1 our observatlons of GX 339pres_en_ted with RXTE. The NRAO is a facility of the National Science Foundatiorep
here, the contribution of the radio to synchrotron emissipn ated under cooperative agreement by Associated Uniessitic. M.C.B. ac-
to the NIRoptical is important, and we saw it fading over thé&nowledges support from the Faculty of the European Spateramy Center
transition (see Secﬂ.l). However, another component, {6SAC). JR acknowledges partial funding from the Europeam@unity's

: ; - : - Seventh Framework Programme (FEJ07-2013) under grant agreement num-
example from the cooling disc aful the !_rradlated companion, ber ITN 215212 "Black Hole Universe". JAT acknowledges iparsupport

andor _an irradiated disc| (van Paradiis & McClintock 19944om NASA under Swift Guest Observer grant NNXO8AW35G. The North

) might be necessary to account for the/dfdRcal and South are maintained and operated by Las Cumbres Otsgr@lobal

excess observed. Note that in quiescence, the/dyiiRal of Telescope Network. This research has made use of the NASApstsics Data

GX 339-4 is likely dominated by an optically thin disc plus agystem Abstract Service and of the SIMBAD database, operate¢he CDS,

much fainter mass donor star (Shahbaz &t al.|2001). trasbourg, France.
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