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ABSTRACT

Context. Microgquasars are accreting Galactic sources that are bigreed to launch relativistic jets. A key signature of tfee&on

is non-thermal radio emission. The level of this jet compuara high frequencies is still poorly constrained.

Aims. The X-ray binary and microquasar black hole candidate XT#01564 exhibited a faint X-ray outburst in April 2003 digin
which it stayed in the X-ray loyhard state. We took optical and NIR observations with the A8® telescope during this outburst
to disentangle the various contributions to the spectratgyndistribution (SED) and investigate the presence of egmponent.
Methods. Photometric and spectroscopic observations allowed usnstact a SED and also to produce a high time-resolution
lightcurve.

Results. The SED shows an abrupt change of slope from the NIR domalretogtical. The NIR emission is attributed to non-thermal
synchrotron emission from the compact, self-absorbedrjetvk to be present in the Ighard state. This is corroborated by the fast
variability, colours, lack of prominent spectral featuegsl evidence for intrinsic polarisation. The SED suggdwsget break from
the optically thick to thin regime occurs in the near-in&@(NIR).

Conclusions. The simultaneous optical-NIR data allow an independenfiicoation for jet emission in the NIR. The transition to
optically thin synchrotron occurs at NIR frequencies orobglwhich leads to an estimated characteristic &z2 x 108 cm and
magnetic fields 5T for the jet base, assuming an homogeneous one-zone sjochmodel.
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1. Introduction attributed to a compact, self-absorbed jet (with an extensi

. _ of ~ 107", see e.g. Fender 2006).
X-ray binary systems are composed of a companion star and_ape quiescent state, when the X-ray luminosity is low and

compact object —a black hole or a neutron star. In Low-Mass X- e gpticglinfrared emission dominated by the emission of
ray Binaries (LMXBs), the companion star is a late type star fi o companion star.

ing its Roche lobe. Matter transiting through the Lagrangietp
forms an accretion disk around the compact object. LMXBs we also point out the existence tife intermediate state.

spend most of their time in a quiescent state with a low X-rayyring the transition between the Igvard and the higloft
luminosity. Outbursts occasionally occur, due to an in8iin  state, discrete ejections are most of the time observediio,ra
the accretion disk, during which the X-ray luminosity ineses ith an extension- 0.1 — 10" (see e.g. Fender 2006).
by several orders of magnitude. LMXBs that also show non-
thermal radio emission, sometimes spatially resolved jiets, XTE J1550-564 was discovered as a transient X-ray binary
are called microquasars (see e.g. Chaty 2006; Chaty & Bessqh September 1998 by the All Sky Monitor (ASM) onboard
2006; Fender 2006; Mirabel & Rodriguez 1998). the Rossi-XTE satellite (Remillard et al., 1998). Optical (Orosz
Several canonical states for LMXBs have been defined ag- al., 1998; Jain et al., 1999) and radio (Campbell-Wilson
cording to their X-ray emission properties (see e.g. BeRO10; et al., 1998) counterparts were promptly identified, clgssy
Remillard & McClintock 2006), the main ones being: XTE J1550-564 as a microquasar. The companion star is in a
1.541 day orbit (Jain et al., 2001b). It has been shown spec-
— the highysoft state, characterized in the X-rays by a high lutroscopically to be a G81V-K4 Il at a distance of 5.3 kpc; the
minosity, dominated by the thermal emission of the accreti@ompact object, with a mass of B0+ 1.0 M, is a black hole
disk, with a peak temperature 1 — 1.5 keV, emitting as a candidate (Orosz et al., 2002). Five main outbursts have blee
multicolour blackbody from optical to X-rays, served in XTE J1550-564 (see Figure 1 left part). The first one
— the lowhard state, with the X-rays dominated by a power-which started in September 1998 and lasted about 200 dags, wa
law component, the accretion disk being weak in the X-rdfpe most powerful: at its maximum, the 2-10 keV flux reached
band, at a temperature0.01- 0.5 keV; the hard state is in- almost 500 ASM counts (=6.8 Crabs). During this outburst, the
variably associated with strong, flat spectrum radio emissisource had a complex behaviour and transited through adincan
ical X-ray spectral states (Homan et al., 2001). In 2000, the
* Based on observations collected at the European South&@urce exhibited another outburst, the 2-10 keV flux reaghin
Observatory, Chile, through programs 071.D-0071 and O-0BEB. around 1 Crab, and the source transiting again throuffarei




ent spectral states. In 2001, 2002 and 2003, the source gdhowvescopy, we took 24 spectra of 60 s each, half with the blue
three less powerful outbursts, during which it remainedhia t grism (Q95 — 1.64um) and half with the red grism (83 —
low/hard state (Aref’ev et al., 2004; Sturner & Shrader, 2005).52 um); we also took spectra of the telluric standard Hip 63689
Such “mini” outbursts following a major eruption have beeto correct the spectra of XTE J1550-564 from the atmospheric
seen in other X-ray binaries (e.§imon 2010) and in some absorption.
dwarf novae (Kuulkers et al., 1996). The mechanism triggeri ~ The optical data were obtained in the B, V, R, | and Z
these mini-outbursts is not understood within the framévadr filters with the spectro-imager EMMI (Extraordinaire Multi
the standard LMXB disk instability model (Dubus et al., 2R01Mode Imager), using the large field imaging (field of view of
They could be related to the accretion disk becoming eccéh9x 9.1, binning 2x 2 for a better sensitivity and image scale of
tric during outburst in binary systems with small mass matid’332/pixel). We observed the source for 300 s in the B-band,
(Hellier, 2001). for 3 s and 60 s in the V-band and for 60 s in the R-, I- and Z-
Overlapping contributions from the companion star, accreand. We also observed the photometric standard stars P35 163
tion disk and from the relativistic jet make the optical taane and PG 1657. We performed rapid photometry in the V filter (a
infrared (NIR) wavelength range particularly importanstady. series of 10 s exposures during two hours). Concerning thie op
For instance, a compilation of optical and NIR observatiohs cal spectroscopy, we took 3 spectra of 300 s each and a spectru
the black hole candidate X-ray binary GX 339-4 showed thaf a spectro-photometric standard star (LTT 7379).
its NIR emission during loyhard states was non-thermal, likely =~ We used the Image Reduction and Analysis Facility (IRAF)
synchrotron radiation emanating from the compact jet afthi- ~ suite to perform data reduction, carrying out standardguiaces
croquasar (Corbel & Fender, 2002). Its SED showed the typicd optical and NIR image reduction, including flat-fieldingda
signature of a compact jet, namely a clear change in slopeN#R sky subtraction. For the standard photometry, we used a
the optical-NIR domain with an inverted power-law at lowes-f median filter before carrying out aperture photometry wité t
guencies. Similar signatures have been seen in other LMXBga0.daophot package. We obtained the apparent magnitudes
(Kalemci et al., 2005; Migliari et al., 2006). Mgpp from the instrumental magnitudas,.s through the follow-
Here, we report on the results of optical and NIR observing formula, whereZ, is the zero-pointext the extinction coef-
tions of the microquasar XTE J1550-564 during the 2003 odicient, andairmass the airmass at the time of the observations:
burst. XTE J1550-564 remained in the low-hard state dutieg tMapp = Minst — Zp — €Xt X airmass
outburst. Our goal was to assess whether emission fromthe co We used the characteristic extinction fioents at La Silla
pact jet extended to the NIR. The weakness of the X-ray otibu@d obtained the zero points given in Table 1 by averaging the
made it potentially more favourable to detect a jet contidnuas values obtained with the fierent standard stars. For the Z filter,
the accretion luminosity is expected to decrease fastertthe the apparent magnitudes of the standard stars were ncallegil
jet luminosity (Heinz & Sunyaev, 2003). The optical and NIFs0 we did not calibrate gg,(Z).
observations and data reduction are describg@iThe results Concerning the spectra, we used the |IRAda0.twodspec
are presented i3 and discussed ig¥. package to extract the spectra and perform wavelengthraalib
tion. Since we did not observe any spectro-photometricistah
stars, we did not perform flux calibration. We divided the NIR
2. Observations and data reduction spectra of XTE J1550-564 by the spectra of the telluric saaghd
and multiplied it by the spectra of a 4600 K blackbody (we took
the average of theffective temperature range of XTE J1550-564
Our observations were performed during the night between tompanion star given by Orosz et al. 2002: between 4100K and
21% and the 22 of April 2003 (Figure 1 right shows when 5100K). We point out that the signal to noise ratio of the cgti
our observations took place during the X-ray outburst)ngisi spectra of XTE J1550-564 was too faint to securely identify a
the NTT (New Technology Telescope) telescope on the La Sifigature. Fortunately the NIR spectra were more exploitahle
observatory of ESO (European Southern Observatory), ds gaat in the whole waveband coverage though, due to absorption
of a Target of Opportunity (ToO) programme (Pl S. Chaty). We give in Figure 2 a finding chart in NIR wavelengths for
They took place on the declining phase of the 2003 outbup$t E J1550-564.
of XTE J1550-564 and consist of optical and NIR photometry
(both deep and rapid), NIR spectroscopy and polarimetrg. T
results from the NIR polarimetry were reported in Dubus
Chaty (2006). We also performed polarimetric observations on August 1 and
The NIR data were obtained in the J, H angfiters withthe 2, 2007. We collected a series of 10 secongliand expo-
spectro-imager SoFI (Son oF Isaac), using the large fieldimaures of the field around XTE J1550-564 at the ESO NTT us-
ing (field of view of 492x 4’92 and image scale of'@88pixel). ing SOFI in polarimetric mode. A Wollaston prism splits the i
For each filter of the NIR deep photometric observations, lve ocoming light into two images with perpendicular polarieati
served the source at ninef@irent positions with 60 s exposureXTE J1550-564 was jittered along the mask for sky subtractio
time each, to estimate and substract the thermal sky emijssimages taken at four flerent angles were used to compensate
with a standard shift-and-combine jitter procedure. We alsr-  for the instrumental polarisation and this was checkedregai
formed rapid photometry in the {ilter, observing the source observations of unpolarised standards (see Dubus & Cha& 20
at different positions for three hours, with an integration timr details).
of 2 s for each exposure. The readout mode was double corre-In addition, we also used polarimetric observations to de-
lated read, leading to an overhead time~d§0%; therefore we rive the K5 magnitude in quiescence. Since we did not ob-
reached a time resolution of nearly 3 s for this rapid photoyne serve any photometric standard star during this run, we
To calibrate the photometric observations, we observed twerformed relative photometric calibration, thanks to iso-
photometric standard stars of the Persson catalogue @Perdated and bright stars of the 2MASS catalogue (Cutri et al.,
et al., 1998): sj9136 and sj9146. Concerning the NIR spe2003), close to XTE J1550-564. We obtained the following

2.1. Photometry and spectroscopy

.2. Polarimetry
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Fig. 1. Lightcurves of the flux of the microquasar XTE J1550-564 m2h10 keV band acquired by ASRossi-XTE. Left: Lightcurve from 1996
to 2005. Right: zoom during the 2003 outburst. The date ofdaservations (21st of April 2003) is marked by the arrow.

apparent magnitude for XTE J1550-564: Ks = 16.25 +
0.05magnitudes.

Table 1. Characteristic extinction céiégcients at La Silla and derived
zero-points for the diierent optical and NIR bands.

Filter ext.
B 0.214 0.069: 0.002
\Y 0.125 -0.584+ 0.002
R 0.091 -0.74% 0.003
| 0.051 -0.231+ 0.003
J 0.08 2.062- 0.010
H 0.03 2.232+ 0.006

0.05  2.799 0.008

~
»

3. Results

3.1. Photometry and extinction

We have estimated the interstellar absorption using thenool

density on the line of sight derived fro@handra observations:

Ny = 0.88+ 0.1 x 10?2 cm 2 (Corbel et al., 2006). This value

is somewhat lower than, but still consistent with, the Hlutoh  Fig. 2. XTE J1550-564 field of view (3 x 3.9, H filter): North is to

density integrated through the whole Galaxy, given by bbéh tthe top and East to the left. The XTE J1550-564 counterpartiisated

LeidenArgentingBonn (N = 1.01 x 10?2 cm2) and Dickey by the arrow.

& Lockman (N4 = 0.897x 10?2 cm?) surveys. The interstellar

absorption in the V-bandAis then deduced from the relation

A, = 559x 10722Ny (Predehl & Schmitt, 1995) and thefflir- tral index of 0.3 and -1.3 respectivélyThe best-fitting power-

ent A, using the relations established by Cardelli et al. (1989aws are indicated in Figure 3 (left) by dotted lines.

Table 2 lists the apparent magnitudes we derived from our ob- In order for both the NIR and optical slopes to be roughly

servations, together with the values obtained fei(#aking into  compatible, one would have to decrease the value of the ¢olum

accountthe 1.6  uncertainty o) and, finally, the dereddeneddensity up to A=3.5 (corresponding tdly ~ 0.6 x 107 cm2),

apparent magnitudes (taking into account the uncertaim#y,.  which is clearly well below the value derived from X-ray obse

The observed fluxes before and after corrections are plaitedvations, and also from the HI surveys, including uncertaifind

the left part of Fig. 3. even by doing this, the optical | magnitude point is nevegredid
There is clearly a change of slope in between the NIR amdth the NIR and optical slopes, confirming that a change of

visible wavelengths. The reddened NIR and optical spectsdbpe is clearly present between the optical and NIR powes,la

slopes are consistent with powerlaws of spectral index ad7 a

3.9 respectively, and the dereddened NIR and optical witltsp ! The spectral index is defined aF, « v




with two different spectral indices. The NIR spectrum being ope K4 11l, hence the quiescent state lies in the lower left pér
tically thin, with a positive spectral index, the jet breakishbe the Red Giants branckVe indicate in Figure 4 (right) the po-
located either in NIR (around the H-band as suggested by rigiition of XTE J1550-564 quiescent magnitudes.
panel of Fig. 3), or towards longer wavelengths, in the MIR do  The NIR CMD (Fig. 4 right part) shows that the source is
main. Only contemporaneous observations from optical t& Miredder in outburst than in quiescence. The companion star co
domain would allow to constrain the exact location of the jetibutes more flux to thd band than the Kband. Hence, the sig-
break. nificantly redder colour implies an additional contributinith

a flat or inverted spectrum.

Table 2. Apparent magnitudes, interstellar absorption and dereettie ~ The optical CMD (Fig. 4 left part) shows the source was

apparent magnitudes for various wavelengths. bluer in these bands in outburst compared to quiescence, con
sistent with the dominant contribution of the accretiorkdis
Filter Mapp A, Mapp=Aa the optical. Indeed, when a multicolour blackbody spectisim

B 20.00+ 0.04 6.57+0.75 13.43:0.79 evolving with a higher flux and temperature, the flux increase
\Y 18.48+ 0.03 4.92+0.56 13.56+0.59 more in the B-band than in the V-band, implying a decrease in
R 17.35+0.01 3.69+0.42 13.56+ 0.43 the (B-V) colour.
|~ 16.33x001  2.36+0.27 13.97:0.28 Both CMDs confirm that the optical and NIR fluxes evolve
J 1450+ 0.01 1.39+0.16 13.11+0.17 . . .
H 1346+ 0.02 094+ 0.11 12.52: 0.13 differently between the mini-outburst and quiescence.

~
7]

12.40+0.01 0.56+0.06 11.84+ 0.07

3.4. Rapid photometry

We performed rapid photometry in the V and; Kilters on

XTE J1550-564 and on stars present in the field of view that
3.2. SED were of comparable brightness to XTE J1550-564. We then av-

. eraged the fluxes of these stars to get a mean flux, and we finally

The broad-band SED of XTE J1550-564 from radio to X-raygiyided the flux of XTE J1550-564 by this mean flux. These cor-
is shown in the right part of Fig. 3, including our opti#8IR  rected and normalized fluxes are shown in Figure 5 in optivdl a
observationsaken during the mini-outburst and also during  N|R respectively, where we can see the intrinsic variatifribe
qwescence_The optha/IN_IR data are d_ereddened from mterstelx_ray source and the surrounding stars. While rapid photome
lar absorption. The line in the lower right indicates the fand iy NIR is rarely performed on LMXBs, it allows to constrain
spectral index of the simultaneous X-ray data of XTE J1568-5apid phenomena occuring on short timescale, either in ¢he a
during the 2003 mini-outburst, as observed by ABMSI-XTE  ¢retion disk, or related to the jet.

(Aref’ev et al., 2004). We also include radio data obtainad d The rapi :

) e X e pid photometry shows that, in NIR, the source presents

ing the 2002 mini-outburst with a similar X-ray flux, repaite | o iong’ of amplitude greater than those of the surragdi

W'th the line in the left. Althoggh no contemporary rgdlo.e_bs stars, whereas in optical, the source behaviour is comfgatab

vations could be found, this is indicative of the radio eiss g g,y nding stars. The standard deviations of thisaisind

that could have been expected from the compact jet during )& \apid photometry for XTE J1550-564 and the surrounding

low/hard X-ray mini-outburst of 2003 (s¢4). . stars are presented in Table 3. Again, this suggests thia afig
The optical data are consistent with the Rayleigh-Jeahs tgly R and optical emission arefitirent. However, note that

of a multicolour blackbody, characteristic of the emissiom- fiations in optical of a similar amplitude to those in NIRuid

ing from the outer part of the gccretion disk, wherea§ the NI obably not have been detected with these observations.
data suggest a non thermal, inverted spectra, charatesfst

synchrotron emission, usually associated with a compalib ra
jet (see e.g. Corbel & Fender 2002 for GX 339-4 and Ch
et al. 2003 for XTE J1118480). The level of NIR emission is lightcurves of XTE J1550-564 and of various stars from théd fad

consistent with th.e extrapolati_on to high frequencies ef(th)n-. view. The stars have a brightness similar to the one of XTEBEQEB4.
contemporary) flginverted radio spectrum and the extrapolation

able 3. Standard deviations taken from the rapid photometry

to low frequencies of the X-ray spectrum (with photon index K filter / Tilter
L] . S
~ 1.6, Aref’ev et al. 2004; Sturner & Shrader 2005). XTE J1550-564 0.099 XTE J1550-564 0.074
Star #1 0.020| Star #1 0.051
_ ; ; Star #2 0.024| Star #2 0.065
3.3. Colour-magnitude diagrams Star #3 0021 Star #3 0.098

The absolute magnitudes of XTE J1550-564 during the mini-
outburst are reported on colour-magnitude diagrams (CMD) i
Figure 4. The absolute magnitude was computed via

M, = m; + 5-5xlog(d(pc)) — Ax
3.5. Spectroscopy

In both CMDs, the big asterisk indicates the position of
XTE J1550-564 opticANIR counterpart, and the small asterisk§Ve took two IR spectra in the blue and red grisms, both are
surrounding it represent the parameter space of the saatce, very absorbed, with a low/H ratio. As shown in Figure 6, we
ing into account the uncertainty on its distande=(5.3+2.3 kpc; only detect a faint emission line corresponding toyBransition
Orosz et al. 2002) and on the column density = 0.88+0.1x at 2.166um, very likely produced by the accretion disk. Apart
10?2 cmr?; Corbel et al. 2006, as reported in Table 2). Accordinfyom this, both NIR spectra are featureless, consistertit mon-
to Orosz et al. (2002), the companion star has a type from G8ihvermal emission emanating from the compact jet.
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Fig. 3. XTE J1550-564 SEDs during the 2003 mini-outburst. Left: panson between reddened (crosses in the lower part) ardidemed
(asterisks in the upper part) optifdlR SEDs. From optical (right) to IR (left): BVRI JHKpoints. The error bars are also shown, and are bigger
in the case of the dereddened points due to therluficertainty on th&ly and then on A(see section 3.1). We also show here power law slopes,
with spectral indices given in the text. Right: Broadband>SBur ESQNTT observationgaken during mini-outburst are shown with asterisk
symbols,and the data taken during quiescence (Kflux obtained during our polarimetric run, J and V flux from Oro sz et al. 2011) are
shown with losangesAll these data are dereddened with A 4.92 magnitudes, and the error bars show the uncertaintyeoodlumn density.
We also plot the simultaneous X-ray ffgpectrum (Aref’ev et al., 2004), and the ATCA radio fluxeseaslied during the 2002 outburst, with
similar X-ray flux.

T T T T
SuperGiants—Bright giants M3—4
AG T T M3-4

SuperGiants—Bright giants

|
&
T
=]
H

Red Giants

Red Giants

Main Sequence

T S T T I A AT SN N N N
K

L L e s s s B B B R e B B

T T I TS A S S

o
L

|
o
@
o
°
o
o
o
o
~
o
|
o
@
o
o
o
@
o
o

B-v J-K

Fig. 4. CMDs with characteristic absolute magnitudes of variowsspl types, on which we overplot our optical and NIR dagét @nd right plot
respectively) for XTE J1550-564 during the 2003 mini-ousihuthe 9 asterisks represent the position of XTE J1550e86dhterpart, taking into
account the uncertainties on its distance and column defidie bigger central asterisk indicates its position ushrgbest fitted distance and
column densityln the NIR CMD we also add XTE J1550-564 position correspondig to quiescence, using magnitudes from this paper and
Orosz et al. (2011).

3.6. Polarimetry howeverthe low SN prevented a meaningful polarisation mea-
) ~ surement. The mean polarisation of the bright stars within 1

NIR polarimetry of XTE J1550-564, taken on the same niglff X TE J1550-564 (see right panel of Fig. 1 in Dubus & Chaty
as part of the same observing program, were reported earligie) was found to be- 1.4%. The corresponding reduced
(Dubus & Chaty, 2006). These showed an excess polarisati9gkes parameter values are —0.8+0.3% andu = 1.1+0.5%
in XTE J1550-564 compared to other stars in the field-of-vieyith the errors derived from the scatter of the seendu val-
Here, we report on polarimetric observations collected @l es. Assuming the polarisation of the field stars has notgeuin
ter the mini-outburst described in this paper. The goal was fetween 2003 and 2007, we correct for this mean polarisation
obtain a better measure of the polarisation signal from §&dds an( find that the absolutegfband polarisation during the 2003
in order to find the absolute value of the NIR polarisatiomfro minj-outburst of XTE J1550-564 was about 2.4%. This confirms
XTE J1550-564 during its 2003 mini-outburst. that the polarisation fraction was in excess of the intéestpo-

As described in Section 2.2XTE J1550-564 was detected larisation that could be expected with E(B=0.7 (~ 0.7%, see
in quiescence at a magnitude K = 16.25+ 0.05magnitudes,
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T T T | clude that synchrotron jet emission dominated in the NIRrdur
l the 2003 mini-outburst of XTE J1550-564.

A dominant jet contribution in NIR was also put forward
by Russell et al. (2010) to explain the correlations between
the H band and X-ray fluxes during the 2000 outburst of
XTE J1550-564. The 3-10 keV flux during our observations was
about 6x 1071° erg cnt! s71. Comparing with Fig. 1 of Russell
L | etal. (2010), we find that withl = 13.46 the source was in NIR
about 50% brighter during our observations than during e d

I I 1 I I I I I 1 cline of the 2000 outburst, at the time when the source rehche
2.0x10* 2. 2%10* 2 4x10* the same X-ray flux. Our observations are consistent with the
picture of an increasing jet contribution in IR as the souree
comes harder and fainter in X-rays (Russell et al., 2006).

] o ~ TheV flux in the 2003 mini-outburst is brighter than that

Fig. 6. Corrected NIR spectra of XTE J1550-564 (The y-axis is in-arbseen in 2000 for similar X-ray luminosities (Jain et al., 280

gg‘trg gl';'és;'n'gprzg frﬁ?m?gr?}r;;?frg{gfs"’” line seen at 2.16M, g \ssell et al., 2010). The optical spectrum we measure is com
9 : patible with a Rayleigh-Jeans tail. This requires the tenaipee

of the outer disk radius to be 10* K. Otherwise, the flat part

Dubus & Chaty 2006). We were not able to determine the andikthe disk blackbody spectrunf{ « v/°) should be visiblé.
correction. The few polarised standards available to thiace T1€'€, We assume the temperature distribution as a funcfion o
are very bright. Several were observed by defocusing tree tefliSk radiusRis Tisk o« R, which is adequate for an accretion

scope but the resulting photometry proved too unreliableeto diSK in outburst (Dubus et al., 2001). The temperature i$ hig
of use. Hence, we cannot give the orientation of the polasisa n0ugh to ionize hydrogen in the outer disk, as expectediin ou
angle relative to the jet axis. burst. The data during the 2000 decline did not show a break

in the spectra betwedd, | andV bands. The weakeY flux in
2000 may have been due to a hotter disk temperature: thisiwoul
4. Discussion have placed the Rayleigh-Jeans tail at higher frequencies.

Flux (arbitrary units)

Wavelength (Angstroms)

4.1. The spectral break

. 4.2, Physical conditions at the jet base
We detected a break between NIR and optical wavelengths dur-

ing a mini-outburst of XTE J1550-564, with a positive spakttr The infrared fluxes decrease progressively from 12.0 mJ¢ in
index in NIR, suggesting optically thin emission consistgith to 6.6 mJy inl before increasing again. The spectral steepening
a jet spectrum. The break is clearly visible in the spectnatgy suggests the transition in the compact jet to optically gyin-
distribution and colour-magnitude diagrams. Inaccuraighe chrotron emission occurs at IR frequencies. The opticéliy t
column density used to deabsorb the fluxes cannot accountdamission is dominated by the emission from the innermost re-
this break. The NIR spectrum is featureless, apart fromra fagion in self-absorbed jet models (Blandford & Konigl, 1979;
Bry emission line. The Klightcurve showsy 10% variabil- Hjellming & Johnston, 1988; Kaiser, 2006). This is usuahg t

ity on short timescales, suggestive of a non-thermal corapbn case since the optically thin flux along the jet decreasesdlsap
Evidence for an intrinsic IR polarisation during the outfialso  with distance. The turnover frequency decreases alongethe j
points towards synchrotron emission (Dubus & Chaty, 2006).

The overall SED is reminiscent of the Igvard state SED of 2 steeper accretion disk spectra can be expected when thésdisk
GX 339-4 and XTE J1118-480 where the infrared emission wagdiated (Hynes, 2005) but this is unlikely to be the caseetgiven
attributed to the compact jet (sé&). Our data leads us to con-the weak X-ray flux in outburst.




and the summed contribution produces the flat spectrum arlover radiatively indficient accretion. The X-ray luminosity dur-
frequencies. ing our observations is 10 3Lgqq SO this impliesm 2 1073,
Assuming the innermost region with cross-section raffjis Therefore, the magnetic field at the jet base in XTE J1550-564
and lengthHg is seen sideways, the transition from thick to thimepresents at most 1% of the equipartition magnetic fieltieat t
synchrotron emission occursat= «,Ry ~ 1. The synchrotron innermost radius.
emission and absorption ddieients have analytical expressions  Curiously, compact jets in AGNSs typically have turnovers in
for a power-law distribution of electrons with an indexFurther  the 1-100 GHz range (Kellermann & Pauliny-Toth, 1981), ex-
assuming that the energy density in non thermal electroas igctly as expected if the ratiB/Beq was constant from micro-
fraction¢ of the magnetic energy densiBf/8x in the region, quasars to quasars. If this ratio is also constant in an ltjemn
this gives a relationship between the peak frequefidg and the turnover frequency will move to longer wavelengths as th
Bo. The approximate flux at the peak frequency can be derivgghss accretion rate decreases. This can be tested obseailsti

and depends afy Ro, Ho andBo. We find the following relation- in microquasars when they decline from outbursts.
ships forBy andR, (see Appendix A)

Q

Bo
Ro

where we have taken a minimum Lorentz factor for the ele¥Ye have obtained simultaneous_NIR to o_ptical coverage of the
tronsymin = 1, p = 2.5 (optically thin spectral index of 0.75), Microquasar XTE J1550-564 during a mini-outburst. Oursktta

Voeak = 10Mv14 HZ, Speax = 10 Sy mJy,d = 5 ds kpc and shows a break in the SED from NIR to optical. The optical emis-
Ho = hRy. Similar results are obtained fr= 2 orp = 3. These Sion is compatible with the Rayleigh-Jeans tail of the auone
equations apply equally to black hole or neutron star LMxB&lisk. The lack of prominent spectral feature in NIR, the fast-
The magnetic field depends most sensitively on the turnoeer faDility and the evidence for intrinsic polarisation leadtosat-
quency. tribute the NIR emission to synchrotron radiation from toene
Self-absorbed models usually make the assumption that Rfct 16t Based on correlations between IR and X-ray fluxes du
abatic cooling is dominant over the radiative timescalég adi- N9 its 2000 outburst, Russell et al. (2010) also interprete

abatic timescale isg 2 Ro/C ~ 8 ms. The synchrotron timescalgl\IR emission from XTE J1550-564 as jet emission. Evidence
iS tync o 7_1'362 ~ 120y~! ms with the magnetic field derived for NIR or optical jet emission from XTE J1550-564 was also

above. NIR emission requires electron Lorentz factors 20 Suggested by Jain et al. (2001a); Corbel et al. (2001); Russe
so this is marginally verified at the jet base. We find varigpil &t @l- (2007). The NIR luminosity represents about 1.7% ef th
on a few second timescale. band variability on~ 200 ms X-Tay luminosity. The jet contribution appears more impotf
timescales was also reported in GX 339-4 during a/t@asd " terms of the NIR to X-ray ratio, during the faint 2003 mini-
state (Casella et al., 2010) but the above suggest thattbate ©utburst than during the 2000 outburst.

be NIR variability down to 10 ms timescales. Beyond the jet The SED shows a steepening frdfnto I, suggesting the
base tsync/tad increases rapidly sincB ~ z'1 along the jet axis transition from optically thick to thin synchrotron emissioc-
zwhereasR ~ Z with 8 ~ 0.5 to reproduce flat spectra (e.gcurs around 18 Hz. If this interpretation is correct, then the
Hjellming & Johnston 1988; Kaiser 2006). Self-Compton eoomagnetic field at the jet base is at most a few Teslas, or about
ing can be ignored since a luminosity ratio of Compton to syA% of the equipartition magnetic field in the accretion dislee
chrotron emissiorLic/Lsync ~ 0.2 is inferred using thd, and 1o the black hole as in AGN compact jets. The NIR emission re-
Bo given above. It can be shown thiat/Leyne & Vpea S-5/18  gion must be small and sub-second variability can be exgecte

peak * . .
Synchrotron self-Compton emission from the jet base will be ©Our data provides only a snapshot of the SED during an out-

negligible unless,eamoves into the visible. b_urst_. The evolujtion of t_he jet bregk durin_g an Ol_thurst aan p
Russell et al. (2010) speculate that the X-ray emissiondn t}fide important diagnostics of the jet physics (Heinz & Sunya

hard state becomes fully jet-dominated when the 3-10 keV flg03; Markaf etal., 2003). Good sampling of the optical to NIR

is below a few 10 erg cnt2 s°L. Our observations do show >ED Poth in time and frequency, ideally in combination witk p

the NIR emission lies close to the extrapolated X-ray spectr larisation measurements, is required to |_dent|fy this biade-

If the cutaf at~ 100 keV in INTEGRAL is due to synchrotron P€ndently of the radio or X-ray observations and to test risode

emission (but see Zdziarski & Gierlifski 2004), then thexina that suggest jet emission can dominate the X-ray emission.

mum electron Lorentz factor ignax ~ 6000. The X-ray emitting

electrons should be radiatively cooled and the X-ray spectr

below the cuté should have a photon indéx2 when an index Acknowledgements. SC thanks the ESO diafor performing service observa-

~ 1.7 is observed tions, and SC and GD are grateful to an anonymous referee whred to

Tl o . . .improve the paper. IRAF is distributed by the National Cgiti&\stronomy
Finally, a magnetic field of a few teslas at the jet base is idservatories, which are operated by the Association ofvessities for
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(2) 5. Conclusion

X

evitable regardless of the detailed model if the NIR brealuis
to self-absorption. For comparison, the equipartition nedig
field with thermal pressure in the accretion disk at a radiosec
to the compact object is

Beq ~ 5x 10" 7 2M Y2254 G (3)
wherer is the radius in units of the last stable ortM; is the

mass of the compact object in solar massess the accretion
rate in units of Eddington angl = H/R — 1 for Bondi-Hoyle
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Appendix A: Magnetic field and size of the jet base Jain, R. K., Bailyn, C. D., Orosz, J. A., Remillard, R. A., & Klintock, J. E.
1999, ApJ, 517, L131

We assume the synchrotron-emitting region at the jet baae igaiser, C. R. 2006, MNRAS, 367, 1083

homogeneous cylinder of radil®y and heightHy = hRy. The Kalemci, E., Tomsick, J._A., Buxton, M. M., et al. 2005, Ap226 508

electrons follow a power-law distributiodN = Koy Pdy; the Ke”‘ﬁima”g 'f_-i'- &l’rf};“gy'g’th' '-P'- K-(j%gs}’ ng;é&ﬁ" }9&

magnetic field isBo, The standard formula for the Synchrotrofcer s yrone!, > &, & Paredic 21990 fod 4o

absorption cofficienta, is (Rybicki & Lightman, 1979) 645

. Migliari, S., Tomsick, J. A., Maccarone, T. J., et al. 200§JA643, L41
V33 3 \2 [3p+2 3p+22 P2 g Mirabel, I. F. & Rodriguez, L. F. 1998, Nature, 392, 673
P (2222 ko v 5 (AD)

@, = Orosz, J., Bailyn, C., & Jain, R. 1998, IAU Circ., 7009, 1

8rméc? \ 2rmec 12 12 Orosz, J. A., Groot, P. J., van der Klis, M., et al. 2002, AfEB,B45

Orosz, J. A., Steiner, J. F., McClintock, J. E., et al. 2014Xi e-prints
Similarly, the optically thin emissivity, is Persson, S. E., Murphy, D. C., Krzeminski, W., Roth, M., & iRigM. J. 1998,
AJ, 116, 2475
1 e Predehl, P. & Schmitt, J. 1995, A&A, 293, 889
V3e® (mec\z _(3p+19\_(3p-1\KoBy _pu Remillard, R., Morgan, E., McClintock, J., & Sobczak, G. 898U Circ., 7019,

i, = (—) r r v7 (A.2) Rl

2rmec2 \ 3e 12 12 p+1

Remillard, R. A. & McClintock, J. E. 2006, ARA&A, 44, 49

: ; Russell, D. M., Fender, R. P., Hynes, R. |., et al. 2006, MNR3&L, 1334
so that the flux from the region can be written 8s Russell, D. M., Maccarone, T. J., Kording, E. G., & Homar2d07, MNRAS,

(1/2)(Ro/d)?Hoj,, with d the distance to the source. The syn- 379, 1401
chrotron self-absorbed emission peaks at the frequepgy Russell, D. M., Maitra, D., Dunn, R. J. H., & Marko S. 2010, MNRAS, 405,
wherer, = ,Ry = 1. The jet emission transits from the flat 1759

optically thick part to the optically thin part apea regardless RVE‘%};S' g- g Léglt‘itg;@:{aﬁ- /'z- 1P92\£,9\}iIz;ﬂ:]a;g\rlgc?erggg)sseashtrophysics, ed.
of the detailed emission further down the jet (which orflg@tS  gyner,'s’ 3. g Shrader, C. R. 2005, ApJ, 625, 923

emission at frequencies beloweay. InvertingS, = Speakand  Simon, V. 2010, A&A, 513, A7

Tpeak = 1 gives two equations oRy and By, as functions of Zdziarski, A. A. & Gierliski, M. 2004, Progress of Thedwai Physics
Speak Vpeak D, p andKo. We assume the energy in non-thermal Supplement, 155, 99

electronss is a fraction¢ of the magnetic field energy density

Y max 1 2 Bg
€= f Koy' Pmcidy = £2°. (A3)

Ymin 4

Ko can be expressed as a function of the equipartition fraction
&, Bo, P, Ymin @andymax. We have assumepl = 2.5 andymax >
vmin = 1 in deriving Eq. 2.
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