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Abstract. One of the best possible ways to look for disk-Jet symbiasis i
galactic Black Holes is to study the correlation betweeraj(-and radio
emissions. Beyond this study, is there any alternative warace the sym-
biosis? To answer, we investigated the X-ray features offagk hole
candidates based on the archival data of FROATE. We found evidences
of ‘disappearance’ of QPOs in the power density spectra abdegjuent
spectral softening of the energy spectra during the radiedlé.e., ‘tran-
sient’ jets). We delve deep into the nature of the accretigmachics to
understand the disk-jet symbiosis.

Keywords : X-rays: binaries — methods: data analysis — black holeipbys
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1. Introduction

Most of the Galactic Black Hole (GBH) sources are observebemutbursting in
nature and these sources also have Jet emissions, whichssmeved as Radio flares.
It is inferred that during Jet ejections, there is an absedfc®@PO which implies
that the inner part of the disk (i.e., ‘hot’ corona) gets died and evacuated, and
subsequently the source spectra softens implying the Xenaigsion to be mostly
from the disk (Feroci et al. 2001; Vadawale et al. 2001; Natdil. 2001; Fender et
al. 2009; Miller-Jones et al. 2012).

2. Observation and analysis

We analysed the public archival data obtained from HEASARRldase of the RXTE
Satellite to study the temporal and spectral evolution efBH sources during the
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radio flares. The standard procedure for PCA and HEXTE dabacte®on was em-
ployed using the FTOOLS package HEASOFT v 6.11. For timirgjysis, we used
PCA science data of Binned mode and Event mode. Energy depestlidy of the
power density spectra (PDS) as well as the phase lags weemed using GHATS
v 1.0.2. Spectral data were extracted using Standard2 data pradtioe energy
range of 3 - 20 keV (using PCU2 only). High energy spectrahddit20 - 150 keV
were also extracted using the HEXTE data for whichever elsyB) carried out the
observations. Broadband spectral modelling was done ierteegy range of 3 - 150
keV using a thermaliskbb component, a non-thermal componpatverlawhighecut
modified by the interstellar absorptiphabs.

3. Results

3.1 XTE J1859+226

During the 1999 outburst of XTE J185926 (top panel of Fig. 1), multiple Radio
flares (see Brocksopp et al. 2002; Fender et al. 2009) have detected (middle
panel of Fig. 1). From the spectral and temporal properfitiseosource during these
flares, we observed that during the first flare (F1), there ertagh ‘disappearance’ of
QPOin2-5keV and 13 - 25 keV energy bands. During the flare§82-4 and F5,
we observed a complete absence of QPO in power spectra o28rkeV energy band
(see Radhika & Nandi 2013 for details). We also observeddhdng all these flares
when the QPO is absent, the thermal flux increases compatbd tward X-ray flux
and the spectra gets soften. It was observed that duringatestfe total rms of the
PDS reduces and phase lag studies showed that there wasost&ged between the
soft (2 - 6 keV) and hard (6 - 25 keV) energy bands. ‘Spectmogteral’ signatures
suggest the possible presence of another flare F6, which neaalgy not reported
due to lack of continuous radio observations. We observatidbring F1, F2, F3,
when the QPO was observed before the flares, it was of tyg& See Wijinads et
al. 1999; Casella et al. 2004 for details on types of QPOs\dreh it ‘re-appeared’
after the flare it was of type B. We observed a typ€BQPO before the flare and
a type C* QPOs after the flare, respectively for the flare§54Radhika & Nandi
2013).

3.2 XTEJ1748-288

For the 1998 outburst of XTE J174288, we observed complete absence of QPO
around 24 hrs before the peak flare (marked as F) of 600 mJ¢ &Hz (see left side

of Fig. 2). We also observed decrease in total rms of the PBD&rece of phase lag
and subsequent increase in soft flux which was also impliettiépteepening of the
spectral index (see right side of Fig. 2), during the flaree QPOs observed before

httpy/www.brera.inaf.itutentjbellonyGHATS_Packagélome.html
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Figure 1. Variation of X-ray flux, Radio flux and QPO frequency for the BbHurce XTE
J1859-226 (1999 outburst).
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Figure 2. Left side plot shows variation of X-ray intensity, Radio flard QPO frequency
observed for the BH source XTE J174838 (1998 outburst). Right side plot shows spectral

softening during the radio flare.

the ejection event was found to be of type C. Absence of QPCOspadtral soften-
ing (early phase of the outburst, when source transit frord @ soft-intermediate
state), suggests presence of another possible ejectibough there was no radio

observation (see Radhika et al. 2013a).

3.3 H1743-322

During the 2009 outburst of H 174322, we observed that the QPO frequency in-
creases from 0.91 Hz (MJD 54980.39) to 3.58 Hz (MJD 54984 .Bfi¢ next obser-
vation (on MJD 54987.26) showed absence of QPOs (see rightadiFig. 3) and
spectral softening was observed around 46 hrs before theRedio flare (primary
ejection) of 12.8 mJy brt at 8.4 GHz (see also Miller-Jones et al. 2012). We also
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Figure 3. On the left side, we show variation of X-ray intensity, Ratlioc and evolution of
QPO frequencies, observed for the BH source H £322 (2009 outburst). The evolution of
the PDS (right side of the figure) showing the absence of QR@sglthe flare.

noted that before the flare, the QPO observed was of type Geabeafter the flare
QPO was of type B. Complete absence of QPO and spectral safteras noted after
3 days of QPO re-appearance. Spectral analysis also subjgette primary ejection
could have triggered during the transition from hard to-#utérmediate state of 2009
outburst (Radhika et al. 2013b).

34 GRO J1655-40

During the 2005 outburst of GRO J165%0, we observed an evolution of QPO fre-
quency from 1 to 6 Hz (see bottom panel on left side of Fig. dlpived by an
absence of QPOs for almost 6 days. During the observationenthe QPO was not
present in the PDS, the ratio of soft to hard flux increasedtheautburst evolved
from hard to soft-intermediate state. But since there is adi®R observation avail-
able, the time of possible ejection (as a radio flare) is notmn Around 6 days later
(after the 1st X-ray peak of the 2005 outburst), we observe®@€Qof 14 Hz in the
power spectra around 48 hrs before a peak flare of 6 mJy (sedlerpdnel of left
side figure). The observation 29 hrs before the flare showsdnaie of QPO. QPO
re-appeared around 10 hrs after the flare (power spectrhaltenois shown in right
side of the figure). During this phase, we observed a deciaastal rms of PDS,
absence of phase lag and increase in soft flux (3 - 20 keV) @arerX-ray flux (20 -
150 keV). The QPO observed before and after the ejection usstgy of type C¥C
(high Q-factor with less rms).

3.5 Other BH sources

Absence of QPOs during a flare event (i.e., transient Jetshéen already observed
for the BH source GRS 193305 (Vadawale et al. 2001; Feroci et al. 2001). We have
extended our study to few more BH sources (eg. XTE J3223, XTE J1556564,

GX 339-4, MAXI J1836-194). Temporal analysis of these sources showed that



Disappearance of low-frequency QPOs in the power spectra 75

T
TRETES ...
- o,

GRO J1655-40s"
a

count rate

ASM Intensity

Power (rms*/Hz)

Radio flux
(mJy)

(Hz)
x

el "v_/m_iu.imu.r i
. ; ; ; 1e09

QPO frequency

s 10 s 20
Days + 53434 = MJD of PCA observations Frequency

Figure 4. The variation of X-ray intensity, Radio flux and QPO frequesmbserved for the
BH source GRO J165%10 (2005 outburst) is shown on the left side, while the evolubf
power spectra during the peak flare is shown on the right side.

whenever a Radio flare occurs, QPOs ‘disappear’ along withation of total rms

(see also Fender et al. 2009) of the power spectra. Absenpkask lag for soft
to hard photons was also observed during the flares. Spectadysis showed that
there was an increase in thermal flux whenever a QPO was athseng the radio

flare. Detailed spectro-temporal analysis (during radiefipof all the sources will
be presented elsewhere (Radhika et al. 2013b).

4. Possible physical scenario

Several attempts have been made until now to understanchéromenon of out-
flows (Kumar & Chattopadhyay 2013) and disk-jet coupling iH Binaries (Meier
& Nakamura 2004; Fender et al. 2009). But none of these stutiwe discussed
the disk-jet coupling in the context of QPO ‘disappeararscel subsequent spectral
softening. We attempted to understand the disk-jet coiorefvadawale et al. 2001,
Nandi et al. 2001) in the outbursting sources based on theCavoponent Advective
Flow (TCAF) in the presence of magnetic field. According toAFC(Chakrabarti
& Titarchuk 1995), there are two types of flow viz, Kepleriamdasub-Keplerian.
The sub-Keplerian halo matter forms the Compton cloud, (CENtrifugal pressure
supported BOundary Layer (CENBOL)) during the shocked-at@mn phase. Due
to oscillation of the shock, the CENBOL (i.e., also the stoogise of ‘hot’ electron

source) surface may oscillate resulting in QPOs.

A sudden occurrence of a radio flare can occur in the presdmoagnetic field
in the disk. According to the magnetised-TCAF (Nandi et 80P2), matter can an-
chor large stochastic magnetic fields during the phase oéton of matter from the
companion. When the flux tube enters into the ‘hot’ Comptaudlof temperature
~ 10°K, it collapses catastrophically due to magnetic tensien, the strongest force
in the ‘hot’ plasma within the CENBOL) and evacuates the irpeget of the disk pro-
ducing Jets. As a result, CENBOL gets disrupted and henassi#lation ceases,
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Figureb5. Magnetised-TCAF model, showing Keplerian and sub-Keptecomponents of flow
along with magnetic flux tubes, which are responsible forugisng the inner-part of the disk
(i.e., CENBOL (Chakrabarti & Titarchuk 1995)). AdoptediindRadhika & Nandi 2013.

resulting in absence of QPO. As matter gets evacuated frei@ENBOL in the form
of Jets, the energy spectra will be dominated by thermalsaris

5. Conclusion and discussion

In order to verify the conjecture of ‘disappearance’ of QR®@imy the Jet ejections
(i.e., radio flares), we investigated the X-ray propertiesaveral BH sources. Our
analysis seems to suggest that there is an absence of QR@¢calusf sofhard lags,
decrease in total rms of the power spectra, when an ejectioars. The spectral
evolution also implies the softening of the spectra duriregéjections. Based on the
magnetized-TCAF model, we can understand that the absér@B© and spectral
softening implies the disruption of inner-part of the disklie presence of magnetic
field. The re-appearance time scale of QPO&¢ur to day) implies the time taken
by the sub-Keplerian matter to form inner-part of the dis&.(ithe CENBOL).
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