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We report the results of 3 observations of GRS 1915+105 duvhiich the source is found to show
the X-ray dips/spike sequences (cycles). These obsengatiere performed simultaneously with
INTEGRAL RXTE the Ryle and Nancay radio telescopes. They show the sedaallA and

B classes of variability during which a high level of correldtX-ray and radio variability is
observed. We study the connection between the accretimegses seen in the X-ray behaviour,
and the ejections seen in radio. By observing ejection duriassA, we generalise the fact that
the discrete ejections in GRS 1915+105 occur after the sygden at X-ray energies, and identify
the most likely trigger of the ejection through a spectrgirach to ouINTEGRALdata. We
show that each ejection is very probably the result of thetigje of a Comptonising medium
responsible for the hard X-ray emission seen above 15 keWINTEGRAL We study the rapid
variability of the source, and observe the presence of Laglency Quasi Periodic Oscillations
during the X-ray dips. The ubiquity of the former behavioamd the following ejection may
suggest a link between the QPO and the mechanism respofithe ejection.
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1. Introduction

GRS 1915+105 is probably the most spectacular high-energscs of our Galaxy. An ex-
tensive review on it can be found in Fender & Belloni (2004).stimmarize, GRS 1915+105 is a
microquasar hosting a black hole (BH) of 14t04.4 M., (Harlaftis & Greiner 2004), it is one of
the brightest X-ray sources in the sky and it is a source ofsuminal ejection (Mirabel & Ro-
driguez 1994), with true velocity of the jets 0.9c. The source is also known to show a compact
jet during its periods of low steady levels of emission (d=gchs et al. 2003). Multi-wavelength
coverage from radio to X-ray has shown a clear but complescésson between the soft X-rays
and radio/IR behaviour. Of particular relevance is thetexrise of radio QPO in the range 20-40
min associated with the X-ray variations on the same timkeqeag. Mirabel et al. 1998). These
so called “30-minute cycles” were interpreted as being duamall ejections of material from the
system, and were found to correlate with the disc instgb#is observed in the X-ray band.

Extensive observations at X-ray energies VRKTE have allowed Belloni et al. (2000) to
classify all the observations into 12 separate classegl@dlwith greek letters), which could be
interpreted as transitions between three basic states-C(A-B hard state and two softer states.
These spectral changes are, in most classes, interpretefieasing the rapid disappearance of the
inner portions of an accretion disc, followed by a slowerlisfj of the emptied region (Belloni et
al. 1997).

In the X-ray timing domain, GRS 1915+105 also shows integrgdeatures, such as the pres-
ence of Low or High Frequency Quasi-Periodic OscillationB@PO, HFQPO) whose presence
is, as observed in other microquasars, tightly linked tothray behaviour. LFQPOs with variable
frequency during classes showing cycles have been repdfimdelations between the frequency
and some of the spectral parameters have been pointed guiakwardt et al. 1999, Rodriguez
et al. 2002a,b). GRS 1915+105 is also one of the first BH systarwhich the presence of HFQ-
POs has been observed, firsta65— 69 Hz, and up te~ 170 Hz (Morgan, Remillard & Greiner,
1997, Belloni et al. 2006).

The link between the accretion and ejection processes vgeVe, far from understood and
different kinds of model are proposed to explain all obsgowal facts also including the X-ray
low (0.1-10 Hz) frequency QPOs. The monitoring campaign aeehperformed since late 2002
with INTEGRALand other instruments (mainRXTEand the Ryle Telescope, but also Spitzer,
Nancay, GMRT, Suzaku; see Ueda et al. these proceedindsefoeport of the latter) has the aim
to try to understand the physics of the accretion-ejectioanpmena, including, for the first time,
the behaviour of the source seen above 20 keV up to few hurkdrédWe report here the results
obtained during observations performed during AO2 and ARi8ving sequences of X-ray hard
dips/soft spikes (the cycles), followed by radio flares. Kaey spectral results of these observa-
tions can be found in Rodriguez et al. (2006), while the feliails of these analysis and extended
discussions will be presented in a forthcoming paper (Roez et al.in prep.).

2. Description of the 3 observations

We focus in this paper on 3 observations respectively take®@aober 17-18 2004 (Obs. 1),
November 15-16 2004 (Obs. 2), and May 13-14 2005 (Obs. 3).nfilléwavelength light curves
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Figure 1. Multiwavelength light curves of GRS 1915+105 on OctoberlB72004 showing two intervals of
classv variability. From top to bottom: Ryle (line) at 15 GHz, andri¢ay (point) at 2.7 GHz, JEM-X 3-13
keV, ISGRI 18-100 ke VRXTE2-60 keV.
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Figure 2: Multiwavelength light curves of GRS 1915+105 on Novembed4£@uring class\ variability.
The panels are the same as in Fig. 1 with the exception thaaingay data are available.

are shown in Fig. 1to 3. The JEM-X light curves show in all cabe occurrences of soft X-ray
dips of different duration, followed by a short spike markitme return to a high degree of soft
X-ray emission and variability (hereafter cycle). In aktfollowing we focus on the moments of
cycle activity and more specifically on the intervals durimfgich we have simultaneous data at
radio wavelengths, and/&XTEdata for the timing analysis. This is particularly releviortObs.1
and 3 during which transitions between different classeseen. We, therefore, avoid including in
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Figure 3: Multiwavelength light curves of GRS 1915+105 on May 2005hvithie appearance of clags
variability half way through the observation. The panetsthe same as in Fig. 2.

our analysis classes for which the radio behaviour is notkndrhese observations are classified
following Belloni et al. (2000) ag, A, andf3 type cycle activity for Obs. 1, 2 and 3, respectively.
In all three cases we observe at least one radio flare, whigidisative of a small ejection of
material (Mirabel et al. 1998), after a cycle. The high fluxwwh by Nancay at 2.7 GHz during
the classv observation suggests that the radio flares follow systealbtieach cycle, as reported
by Klein-Wolt et al. (2002). The presence of radio oscitias is also known in clag8, while no
radio/X-ray connection had ever been observed during & glas

3. X-ray Spectral Analysis

3.1 Selection of Good Time Intervals

In order to study the spectral evolution of GRS 1915+105ughothe cycle and the possible
origin of the radio ejection, we divided the cycles into erént intervals from which JEM-X and
ISGRI spectra were accumulated. Each cycle was divided Ieaat, 3 intervals based on the soft
X-ray count rate and the 3-13/18-100 keV hardness ratio.iffteevals are defined as follow:

In each cycle four distinct intervals can be distinguish&tle soft X-ray dip, having a hard
spectrum (interval A), a short precursor spike (interval@jshort) following dip (interval C) and
the main spike (interval D), the last 3 having soft spectneclassA andf the observation of radio
oscillations (Klein-Wolt et al. 2002), i.e. the occurrenakeradio flares after each cycle, allow
us to further accumulate together all cycles before thaditto increase the statistics. In Class
occurrences of a pairs of cycles at some moments can happéa atvother intervals the cycles are
isolated. Since no X-ray/radio connection had ever beeargbd in this class before, we extracted
spectra from the unique cycle that is followed by an ejectidiime same sequence of A, B, C,
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Figure 4. A section on the X-ray cycle followed by the radio flare fronagdA. The 4 intervals from
which the spectra were accumulated (see text) are indic&teaim top to bottom, the panels respectively
represent the Ryle light curve, the 3-13 keV JEM-X light ayrthe 18-100 keV ISGRI light curve, and the
18-100/3-13 keV hardness ratio.

D interval can also be identified (Fig. 4). Note the A, B, C, Ddk for the different intervals
are not related to the spectral states (A, B and C) identifieBddloni et al. (2000). In order to
be able to compare the different spectra, we fitted them aH thie same model consisting of a
thermal componente@zdi sk) and a Comptonised one¢npt t ). Fig. 5 shows, as an example,
the sequence of spectra from class

3.2 Reaults

In all cases the evolution of the source through the cyclami® prononced in the soft X-rays
(Fig. 1to 3). At first sight we could think that the variatioage then caused by changes in the
accretion disc rather than in the Comptonised componenienitting the different spectra with
physical models, however, it seems to be the contrary. selandA the evolution through A to
D translates into an apparent approach of the accretiontaligee black hole, with an increasing
temperature. Interestingly between B and C, the disc pammare compatible with being constant
within the errors. We calculated the 3-50 keV unabsorbedefilof the two spectral components
in the 4 intervals. While the flux from the disk increases tigto the whole sequence, that of the
Comptonised component is not that regular. It first incredsmm va to vg before decreasing by
a factor of 2.5 invc (reaching 10 x 108 erg cm? s71), and slowly recovers imp (1.5 x 108
erg cnt2 s71). It follows similar evolution inA (this is exemplified by Fig. 5), with in particular
a reduction by a factor of 11 betweemg andAc (from 22x 108 erg cnm?2 s 1t0 0.19x 1078
erg cnt? s~1 | when leaving all spectral parameters free to vary), witbveer limit of 2.7 (if the
disc temperature is frozen to the same value ag)nAgain afterAc the Comptonised component
slightly recovers (B2x 108 ergcnm?s71).

The spectral behaviour of the source during cl@dsas been extensively studied in the past.
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Figure 5: The 4 spectra and best models superimposed from dlas$he individual components are
also shown. The disc component is represented by the daisteedvhile the Comptonised component is
represented by the solid line. The evolution through the @ijgjuite obvious, with in particular a spectacular
drop in the Comptonised component between B and C.

It is interesting to note that, as for the previous two clastiee disc temperature slowly increases
during the dip, even after the spike (Swank et al. 1998), evttie inner radius remains small,
indicating the disc is close to the compact object. The ttians after the spike, to state A (Belloni
et al. 2000) the very soft spectral state of GRS 1915+105gesighat the spectacular changes
occurring at the spike are related to the Comptonised coergon

4. Timing analysis: Low Frequency QPOs

Although most of the cycles seen wigKTEwere not simultaneous with the cycles followed
by radio ejections, we produced dynamical power spectra@fcicles with the view to study
whether or not the soft X-ray dips were associated with a LB@P variable frequency, as has
been seen in clags, anda, v and@ (Rodriguez et al.2002a,b; Vadawale 2003). The dip pregedin
the radio ejection during clagswas unfortunately not covered BRXTE Assuming the same pat-
tern repeats during all dips, we extracted a dynamical p@pectrum from the unique sequence
of dips covered byRXTE This is shown in Fig. 6 together with the associated lightveu In the
other classes i.ed and 3, the presence of LFQPOs with variable frequencies durieglths are
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Figure 6: Dynamical power spectrum (top) afIXTEPCA light curve (bottom) on the unique 2 cycles
from classA covered byRXTE

confirmed by our analysis (not shown here).

As in the other classes showing soft X-ray dips, a strong QRwariable frequency appears
during the dip (Fig. 6). Here, however, the frequency seass tightly correlated to the X-ray
count rate, since while during the dips the count rate resather constant, the frequency of the
QPO is less stable.

5. Discussion and conclusion

We have presented observations of GRS 1915+105 made intaimaify withINTEGRAL,
RXTE the Ryle telescope and in one occasion the Nancay teles€bpse observations belong to
classew, A, andB, which have the characteristic of showing sequences oXsadly dips followed
by high level of X-ray emission with high variability, sequees we referred to as cycles. While
in some of these classes ejections (observed in the radiaiddimad been observed to follow to
recovery to a high level of X-ray emission (Mirabel et al. 83%he observation of a radio flare
during the clasgd observation is, to our knowledge, the first ever reporteds @thows us to gener-
alise the fact that there is always an ejection following @&y The duration of the dip during class
A is 500s, while it is as low as 330s during clgisThis duration is in agreement with the results
of Klein-Wolt et al. (2002) who observed that for an ejectioroccur a longer than 100s hard state
must occur.

Detailed inspection of the cycles shows that the sequemeasoaas simple as it seems at first
sight, but that in all cases a precursor spike occurs pridingéarecovery to the high X-ray level.
Our spectral analysis of the different portions of the cgadkows that the same evolution roughly
occurs during the cycles from different classes. DuringXkray dip the source is in its hard state
(or so-called C state for GRS 1915+105 Belloni et al. 20000e Precursor spikes correspond
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to a simultaneous softening of the source spectrum and aease in the flux of the two main
spectral components, the disc and the corona. The shonmiediately following the precursor
corresponds to the disappearance of the corona in the tves @&s analysed in detail. The same
had been observed in the case of clag€Chaty 1998). Given the observation of ejected material
soon after, we conclude that:

1) The g ected material isthe coronal material

2) Thetrue moment of the gjection isthe precursor spike

It has to be noted that Chaty (1998), Rodriguez et al. (2Q02dpwale (2003) had come to similar
conclusions during other classes. Another point comgatilith this scenario is that if we estimate
the lag between the radio and the X-ray, we obtain 0.28h a&®hQuring clasy, 0.31h in class
A, and 0.29 and 0.34h during clgBstherefore the delay is comparable in all classes. Inieggt
the same conclusion had been drawn in another microquasarJA%50-564. During its 2000
outburst (Rodriguez et al. 2003) have shown that the dis@jeiction following the maximum of
the X-ray emission was compatible with the ejection of theonal medium.

Although the physical properties of the dips are not exatitysame, some other similarities
raise interesting questions. The timing analysis of thesda showing cycles all show the pres-
ence of a transient LFQPO appearing during the dip, and witiriable frequency which may be
somehow correlated to the X-ray flux (Swank et al. 1998; Rpdiz et al. 2002a,b; Vadawale
2003). The presence of LFQPO during hard states is quite @mand may be a signature of
the physics occurring during the accretion and the ejedfanatter, since a steady compact jet is
usually associated with this state. In the case of the cyaldgscrete ejection seems to take place
at the end of each cycle. The presence of LFQPO during the dip again, indicate that the QPO
phenomenom and the accretion-ejection physics are linked.

Recently Tagger et al. (2004) have proposed a “magnetic feaehario in trying to explain
the occurrence of dips and ejections, based on a magnetbility, the Accretion Ejection Insta-
bility (AEI, Tagger & Pellat 1999). This instability has tldfect of transporting angular momen-
tum and energy from the inner region of the disc, and emittivegn perpendicularly and directly
into the corona. A strong observational signature of thig ikKEhe presence of LFQPOs. In this
framework the X-ray dip would correspond to the appearamtieecAEI (equivalent to a transition
to a hard state with appearance of LFQPO), and the ejectigid be due to a reconnection event in
the inner region of the disc (Tagger et al. 2004). An effe¢heflatter would be to blow the corona
and would end observationally as an ejection. Although rajraur results brings proof of such a
scenario, and that other models exist, this scenario is atihi@ with our results. In particular with
the generalisation of the ejection during all classes wiitis,cthe relative similarities between the
dips of all classes, both at radio and X-ray energies, angdhstant presence of LFQPO during
the dips, we feel that this model is a very promising one.
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