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Abstract. We present the result of multi-wavelength observations of the microquasar GRSIBLE a plateau state with

a luminosity of~7.5 x 10® ergs? (~40% Lgqyq), conducted simultaneously with the INTEGRAL and RXTE satellites, the
ESO*™*/NTT, the Ryle Telescope, the NRA® VLA and VLBA, in 2003 April 2-3. For the first time were observed con-
currently in GRS 1915105 all of the following properties: a strong steady optically thick radio emission corresponding to a
powerful compact jet resolved with the VLBA, bright near-IR emission, a strong QPO at 2.5 Hz in the X-rays and a power law
dominated spectrum without any cio the 3—400 keV range.
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1. Introduction few tens of AU. The presence of such a compact and qui

steady radio jet is now commonly inferred in the jbard

Microquasars are galactic X-ray binaries exhibiting re'%ﬁ-raystate of several microquasars but it is rarely resolved (

tivistic jets (Mirabel & Rodrguez 1999). The microquasar-, - 4or 2003 and references therein).

GRS 1915105 has been extensively observed since this source,, . present here the first multi-wavelength campaign

is known to be extremely variable at all wavelengths (see Furgﬁs 1915105 involving the recently launched INTErnation:
t

f:ra::;:sosot?lzler(i(r)eli\e/f:v()).:t(?e?lsiatf thgﬁqgsi‘:nis;:ve é?g‘;vgrs amma-Ray Astrophysics Laboratory (INTEGRAL, 3keV
u y With = 14+£4 M, (Grei 10MeV). This campaign was conducted by the MFINE

et al. 2001a). It was the first galactic source to show SUperIUWulti-ﬂ INTEGRAL NEtwork) international collaboration

nz;l_e:]er(]:tlons (l\él;rzl:;el & Rotguez 1?.94.1 'r}?forgi'o dtor;?m’aimed at performing multi-wavelength observations of galac
which has enabled o give an upper imit ot -oXpelothe X-ray binaries simultaneously with the INTEGRAL satellite

distance of the source (Fender et al. 1999). In addition to th‘?ﬁeSect 2 we present an overview of our campaign, our res
arcsecond scale ejections, GRS 19165 sometimes produces, re sholwn in Sect. 3 and discussed in Sect. 4 '

a compact jet which has been resolved at milli-arcsecond sceﬁes

in radio (Dhawan et al. 2000), corresponding to a length of a _ _ _
2. Overview of the multi-wavelength campaign

Send gprint requests toY. Fuchs, e-mailyfuchs@cea. fr . . .

* Based on observations with INTEGRAL, an ESA project witVe conducted a multi-wavelength observation campaign
instruments and science data centre funded by ESA member st§#%S 1915105 in March-April 2003. In this letter we focus
(especially the Pl countries: Denmark, France, Germany, ItaBnly on April 2-3, when we obtained data covering the wide
Switzerland, Spain), Czech Republic and Poland, and with the peange of frequencies, with the largest number of involved
ticipation of Russia and the USA. struments observing simultaneously with INTEGRAL (Fig. 1
** Based on c_)bservations collected at the European Southgiiese observations are ToO (Targets of Opportunity) trigge
Observatory, Chile (ESO71.D-0073). by the MINE collaboration under the INTEGRAL Guarantet

*** The National Radio Astronomy Observatory is a facility of therjme Programme (PI Mirabel) and related programmes on
National Science Foundation operated under cooperative agreement

by Associated Universities, Inc. 1 Seehttp://elbereth.obspm. fr/~fuchs/mine.html
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other instrumenfs The detailed analysis of the whole camProportional Counter Array (PCA, 2—60 keV) and High Energy
paign, i.e. March 24-25, April 2-3 and April 17-18 200X-ray Timing Experiment (HEXTE, 20-200 keV) data reduc-
(Fig. 2) including further instruments, will be presented ition followed for the spectral extraction and analysis (note that
forthcoming papers. We thus present here an overview wé only extracted spectra from the proportional counter unit O
the results of a (nearly) simultaneous campaign involviramd 2 for the PCA). We also extracted light curves withms

the Very Large Array (VLA), the Very Long Baseline Arrayresolution from the PCA (see Fig. 1), and produced power spec-
(VLBA) and the Ryle Telescope (RT) in radio, the ESO Newra with powsped..0.

Technology Telescope (NTT) in IR, the Rossi X-ray Timing

Explorer (RXTE) and INTEGRAL in X ang-rays. 23 Infrared

The near infrared observations were performed with the 3.58 m
ESONTT through a ToO programme (Pl Chaty) dedicated to
The data from the Integral Soft Gamma Ray Imager (ISGRibservations of high energy transient sources. The telescope
15keV-1MeV, Lebrun et al. 2003), were reduced with th&as equipped with the IR spectrograph and imaging camera
Off-line Scientific Analysis software (OSA) v2.0 followingSOFI. We took images in the broad band filter$1.247 +
Goldwurm et al. (2003). The total elapsed time resulted th290um), H (1.653+ 0.297um) andKs (2.162+ 0.275um)
~101ks divided in 46 independent science windows (scwyith a 4.9x4.9 field of view (0.292/pixel). Nine images of
For each of them we produced images in 2 energy ban@8,s integration time were acquired in each filter and co-added.
20-40keV and 40-80keV, where GRS 1915 was clearly We also observed in thKs-band with high temporal resolu-
detected and from which we could obtain its position and flukon (see Fig. 1), taking 450 exposures of 2 s each, by averaging
The spectral extraction was performed independently for é¥x2 s frames, and randomlyfsetting in distance and direction
ery scw in 128 channels linearly rebined in the 20-1000 kdyetween each frame, during nearly 2.3 hours. The images were
range. Given the low level of variability (less than 20%, sg€duced using th&RAF suite. Each image was corrected by a
Fig. 1), the resultant spectra were combined witithphaand normalized dome-flat field, and sky-subtracted by a sky im-
fitted between 20 and 400 keV witspecv11.2 (also used for age (median filter combination of 9 consecutive images). The
the SPI and RXTE spectral fits). Note that we also producddta were then analysed usiagphot Absolute photometry
spectra with the fiicially available 13—-1000keV matrix. Thewas performed using 2 standard stars: HST P499-E and HST
results show no significanti@rences when fitting the spectr£5808-C (Persson et al. 1998). The conditions were photometric
in the 20—400keV range. for most of the observations, the seeing being typically 0.8

For the Spectrometer on board Integral (SPI, 20 keV- .
8 MeV, Vedrenne et al. 2003), after correction of the misaligf:4- Radio

ment, we extracted simultaneously the spectra of 6 sources SgRNohserved the source during two hours on April 2, 2003
by ISGRI in the 20-40keV band. We extracted the spectra\gf the VLBA at 2.0 and 3.6 cm (ToO programme, Pl &ib”
both the sources and background with the standpidspro- - The observing strategy was the same as the one described in
gramme (Skinner & Connell 2003), using the latest derivgshawan et al. (2000). A detailed analysis of all the VLBA data
response matrix (Sturner et al. 2003). The observation beifgquired during this campaign will be presented indRéb al.
made in dithering mode, we were able to resolve the bagkno3). The simultaneous radio light curve obtained with the
ground in each energy bin and each detector independentlyy| A at 3.6 cm (8.4 GHz) during the first hour of the VLBA
Using OSA v2.0, JEM-X (Joint-European Monitor forphservations reveals a nearly constant flux density of 460
X-rays, 3-35keV, Lund et al. 2003) spectra were extractednJy (1 error, see Fig. 1), providing good confidence in the
(Westergaard et al. 2003) for the 42 scw where the source wtained VLBA images.
within 5°of the pointing direction and then combined for a to- The Ry|e Te|esc0pe observations at 15 GHz are part of a
tal exposure of-88ks. The latest responses were used but thgntinuing monitoring program (see Pooley & Fender 1997 for
effective area corrected by a factor of 2 for the known lossgspre details). The data are shown in Figs. 1 and 2 with 5 min

due to dead anodes and the exclusion of the outermost areag@faging; the typical uncertainty is 2 mdp% in flux scaling.
the detector.

2.1. INTEGRAL

2.2. RXTE 3. Results

Figure 2 shows the general radio and X-ray behaviour of

GRS 1915105 during our observing campaign. Despite X-ray
nd giant radio flaring episodes that occurred in March—April

03, our multi-wavelength observations took place during

2 Except for the RXTE observations which are part of a Iarg(gruaSi'qUiet periods_, with a_S|0WIy decaying ASM flux0 ctgs

simultaneous INTEGRAIRXTE campaign on GRS 192805 (PIs and an unusually high radio levet{00 mJy).

Hannikainen, Rodriguez), for which the RXTE planning team kindly The accumulated spectra obtained with INTEGRAL

agreed to schedule an observation during the INTEGRAL ToO pdSGRI and SPI) and with RXTE (PCA and HEXTE) on April

sented here. 2-3 are shown in Fig. 3. The ISGRI and SPI spectra are well

The RXTE observations were reduced following the sta
dard procedure for bright sources, using thEASOFT pack-
age v5.2. See e.g. Rodriguez et al. (2003), for the details of
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GRS 1915+105: April 2—3, 2003
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Time (MJD)

RXTE (PCA and HEXTE) and INTEGRAL (JEM-X, ISGRI and SPI

Fig.1. Light curves of the multi-wavelength observations omn April 2, 2003. Diferent sensitivities of the instruments lead to di

April 2-3, 2003 involving INTEGRAIISGRI & SPI (not plotted), ferent levels of the spectra when plotted in count rates (which enal

RXTE/PCA & HEXTE (not plotted), ESENTT, RT, VLA and VLBA  a better display). The structuresiat- 50 keV in the SPI spectrum are

(total flux densities spanning the observing time). instrumental background lines not adequately corrected. Continu
lines are the best fits with the models described in the text, shs
. ‘GRS W9W5+WQ5‘: March 12 — April 25 2005 _ing consistent photon indexes among thffalent instruments. The
E 5 '3 via 8.4 6Hzo | 3 PCA power density spectrum (inset) shows a clear QPO at 2.5 Hz,
E =] RT 15 GHz x | 3
§300; f: o) E VLA 22 GHz O é
I | | . B
B 200 F ¥ n " A | P ¥ o =
%;’ a o \ Xx E’SO K “E 8 mJy/beam 8 mJy/beam
2 100 ! | AL 51 2.0cm 6 3.6cm
TEW ! ! ‘ ! E 4 ’ 4
E X | | | B [X)
oF | 1 | ; E| s 2 E 2
o B N 5 1 ER g 0
I =y M o 1 EE =)
> [ §: [ ! ] = =4
< 100 « -
St 1 by | N - : @
e B o« o x| ! X ! 1 - -
E 5@%*?32%%&@;:&&@@3@%4‘ e x@;‘ - 864202468 86 4 2 0246 -8
f I *% ?ﬁ%ii MilliARC SEC MilliARC SEC
[ | | i
ol L | ]

52720 52730 52740 52750 Fig.4. VLBA images at 2.0 and 3.6 cm on April 2, 2003 showin
dote (MJD) the compact jet. Total integrated flux densities are 123 and 116 n
Fig. 2. Radio and X-ray flux monitoring of GRS 193505 in March- espectively, in agreement with a slightly inverted spectrum. T
April 2003. Radio: VLA at 8.4 and 22 GHz, RT at 15 GHz. X-rayconvolving beams are 1.4 and 2.8mas, respectively. 1mas cc
quick-look results provided by the ASRXTE team. The dashed SPonds to 12 AU at 12kpc distance. The rms noise in both map
lines indicate the dates of our INTEGRAL and simultaneous mulf 15 mJy beartt.
wavelength observations.
a power law and an iron line at6 keV assuming a interstel-
lar absorption withNy = 5 x 10?2cm™. The fitted power
jointly fitted in the 20—400keV range by a power law with daw, with ' = 2.94 + 0.01, accounts for 77% of the total un
photon index of” = 3.16 + 0.04 which is flatter than thE = absorbed 3—-20keV flux, and is flatter than at higher energ
3.58 + 0.02 index of the HEXTE spectrum in the 2200keV where the soft component has no longer influence. The res
range. This dterence may be due to either instrument, sinéeg inner disk temperature is very higkT > 3keV) as al-
the background noise of HEXTE is uncertain when pointingady noticed by Muno et al. (1999, 2001) who obtained sir
in the galactic plane, and the calibration (e.g. background cée results while fitting the plateau state of GRS 19165 (cf.
rection) of ISGRI and SPI are still in progress. Moreover, thdiscussion), which may indicate either that the diskbb mo
HEXTE spectrum is built only or6 ks of observation whereasis not valid here, or that other emission processes, suct
the INTEGRAL spectra are averaged over 101ks. Comptonization in thermal plasma (Zdziarski et al. 2001), ¢
The PCA+ HEXTE spectrum (3—-200keV, cf. Fig. 3) wasresponsible for the low energy X-ray component. An ani
fitted by the sum of a multicolor blackbody model (diskbb)ysis of the averaged spectrum obtained with JEM-X giv
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A = 195 ‘ ‘ N 4. Discussion

Bright radio emissionK, = 100 mJy at 15 GHz) accompanied
by steady X-ray emission (ASM50 ctgs) similar to what hap-
pened around April 2, 2003 were observed on several past oc-
casions in GRS 1915105 (see e.g. Fig. 1 of Muno et al. 2001).
This state is known as the plateau state (Fender et al. 1999;
RT NTT PCA ISGRI Klein-Wolt et al. 2002 and references therein) but is also called
" 2 " e s 20 the radio loud loyhard X-ray state (Muno et al. 2001) and
Log(v) (Hz) type Il state (Trudolyubov 2001). It also corresponds toythe
Fig. 5. Spectral energy distribution of GRS 194805 on April 2. @ndys X-ray classes of Belloni et al. (2000) who used PCA
The near-IR flux densities were dereddened whth=19.5 and us- Ccolor—color diagram, and indeed our April 2 observation ap-
ing Eq. (1) of Cardelli et al. (1989). The dot-dashed line illustratqaears as thg; class when plotted in such a diagram. Dhawan
the optically thick synchrotron emission from the jet as a power laet al. (2000) observed GRS 194805 with the VLBA during
with F, o v"912, The dashed line illustrates a power law with a photothe 1998 plateau state, and they found a compact radio jet very
indexI” = 3. Error bars not shown are smaller than the symbol size gjmilar to the one shown in Fig. 4.
The strong QPO at 2.5Hz observed on April 2 is consis-
&efpt with the lowhard state of GRS 1933 05. The presence
of the 0.5-10Hz QPO seems correlated to a hard tail in the en-
ergy spectra of the source (Markwardt et al. 1999; Muno et al.
|_ilZ999), although the energy dependence of the QPO amplitude
might show a cut-fi at high energy (Rodriguez et al. 2002),
é'ndicating that the QPO is probably not related to a global os-

\
’

Log(vFv) (erg cm™@ s7%)

L L LA
\
P T R T N

spectral fits (4—30 keV) consistent with the PCA. The estimat
luminosity is~7.5x 10°8erg s corresponding te-40% of the
Eddington luminosity for a 14, black hole. As shown in
Fig. 3, a very clear Quasi-Periodic Oscillation (QPO) at 2.5
with a 14% rms level was observed in the RXPEA signal.
The VLBA high resolution images (Fig. 4) show the . =
presence of a compact radio jet with~&—14mas length cillation OT that hard component. .
(85-170AU at 12kpc). This jet is very similar to the one ob- The h|gh. energy emission of GRS 19IE5 on April 2.
served by Dhawan et al. (2000) and is responsible for the hi haISO consistent W'th the lohard state g’f the source, with
radio levels measured with the RT and the VLA (Fig. 2) by it8 POWer law dominated spectrum (77% at 3-20keV), al-
optically thick synchrotron emission. though always softerf( ~ 3) than for the other BH binaries
The source was fairly bright in near-IR (compare e.g. {(M
Chaty et al. 1996) with apparent magnitudes 17.19+ 0.06, 10
H = 1446 + 0.12 andKs = 1295+ 0.14. This corresponds . ) . .
to an excess of 75% to 85% in ti&-band flux compa[r)ed to observations W'th OS.SE (Zdziarskietal. .2001)‘
theK = 145-15mag of the K-M giant donor star of the X-ray Here for the first time, we observed simultaneously all the

binary (Greiner et al. 2001b). The spectral energy distributigrEIOpert'eS ofthe plat_egu state of GRS 191(.35 that were pre-
of Fig. 5 is compatible with a strong contribution to the neaV-'OUSIV observed individually. We thus confirm the presence of

IR bands from the synchrotron emission of the jet extendift owerful compact radio jet, responsible for the strong steady

from the radio up to the near-IR. However, theH, andKs rddio emission and probably for a significant part of the bright

dereddened flux densities are not compatible with such a sﬂ?—ar'lR emission, as well as a QPO (2.5Hz) in the X-rays and

o . C : ower law dominated X-ray spectrum witi"a~ 3 photon
le power law emission, since a significant change in the slo . ,
gle p 9 9 | ‘gex up to at least 400keV. Detailed fits of the RXTE and

appears at thél-band by dereddening with a visible absorp- L
tion Ay = 195 (Chapuis & Corbel 2003). We point out hereINTEGRAL spectra of GRS 1915105 in this plateau state, to

that while the value of the visible absorption is still a matter iﬂetermme for example whether this power law is due to an in-

the debate (see e.g. Fuchs et al. 2003; Chaty et al. 1996), T Compton scattering of soft disc photons on the pase ofthe
H band excess might be due to the sum of tHéedent com- compact jet (see e.g. Fender et al. 1999; Rau & Greiner 2003)

ponents adding to the jet emission in the near-IR, such as ﬁ{ecolt’ nWItlLtl)\i ?tl:]dfdri:n f?r:thCiOV:":E paperrs. Ivr\1/ ourt:nulrt\|/- |

donor-star, the external part of the accretion disc or a free-frég o cngth Viarch-April campaign, the source was observe
o essentially in the plateau state. In order to better understand

emission. the unusual behaviour of GRS 194H05, we need to carry out
The detailed light curves of our observations (Fig. 1) show ' y

nearly quiet flux densities when compared to flares or oscil milar simultaneous broad-band campaigns during the other

tions, with variationss20% at all wavelengths. The most in> ates, in particular during the suqqen ch_ang_esinthe X-ray state
teresting phenomenon is a modera®b% decrease (from 4.9that corrgspond to powerfgl relat|V|st|-c ejection events.

to 3.6mJy) in theKg flux density lasting 20 min which pre- . Detailed anaIYS'S _gnd_ mtt_arpr_etatlon_ of all of our observa-
cedes by 31min a20% decrease in the RT signal (from 14gons and their scientific implications will be presented, sepa-

to 118 mJy) lasting 48 min. This may be due to instabilities ﬁltely’ in future articles.

the jet inducing an immediate synchrotron response in the JRynowledgementsy.F. and J.R. acknowledge financial support from
and the delay being due to the time for the material along th® CNES. M.R. acknowledges support from a Marie Curie individ-
jet to become optically thin to the radio emission (Mirabel et alal fellowship under contract No. HPMF-CT-2002-02053. D.C.H. ac-
1998). knowledges the Academy of Finland for financial support. A.A.Z. has

cClintock & Remillard 2003). The INTEGRAL observa-
ns show that this power law spectrum extends up to 400 keV
without any cutdf during this plateau state, consistent with the
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