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Abstract Galactic transient black hole candidate (BHC) MAXI J183®84-vas discovered on 2011 Aug
30, by MAXI/GSC and Swift/BAT. The source activity duringishoutburst continued for 3 months
before entering into the quiescent state. It again becamingeadn March 2012 and continued for another
~ 2 months. In this pape — 25keV RXTE/PCA spectra from the 2011 outburst @hd — 10.0keV
Swift/XRT data during its 2012 outburst are analyzed with ttvo-component advective flow (TCAF)
model based fits files in XSPEC. We calculate the X-ray coutidins coming from jets/outflow using a
newly developed method based on the deviation of the TCAFemondrmalization. We also study the
correlation between observed radio and estimated jet Xhiags. The correlation indices)(are found to
be1.79 and0.61, when ther.45 GHz Very Large Array (VLA) radio flux is correlated with thetéd X-ray
and jet X-ray fluxes ir8 — 25 keV range respectively. It has been found that the jet douties in X-rays
up to a maximum of 86% during its 2011 outburst. This makesBHE MAXI J1836-194 strongly jet
dominated during the initial rising phase.

Key words: X-Rays: binaries — stars individual: (MAXI J1836-194) —rstablack holes — accretion,
accretion disks — ISM: jets and outflows — radiation: dynasnic

1 INTRODUCTION disk and the jet (Hannikainen et al. 1998; Corbel et al.

) . . 2000, 2003). Also, it is observed that the outflow flux de-
Jets and outflows are very common in active galactic Nupengs on the spectral state evolution (Fender et al. 2004).
clei (AGNs). They are also observed in many GalactiCgeyera| theoretical works have been put forward to explain
black hole candidates (BHCs), such as GRS 1758-258¢ coupling between the accretion disk and jet (Falcke
(Rodriguez et al. 1992), 1E 1740.7-2942 (Mirabel et alg gjermann 1995; Heinz & Sunyaev 2003). Several self-
1992) and Cyg X-1 (Stirling et al. 2001). In general, t- consjstent works have been carried out on the disk-jet con-
wo types of jets are identified in Galactic BHCs: €ON-peciion based on the transonic flow model (Chakrabarti
tinuous or compact jets and discrete or blobby jets (See_k999a,b; Chattopadhyay & Das 2007; Aktar et al. 2015).

Chakrabarti & Nandi 2000 for more details). The exact )
mechanism for the production of jets is still unclear. In the Chakrabarti (1999a,b) (hereafter C99a and C99b re-

literature, several models have been put forward to explaiﬁpeCtively) and Das & Chakrabarti (1999) have.calculated
jets and outflows (Blandford & Znajek 1977; Blandford & the outflow rgte fro.m the inflow af:creuon ratg using hydro-
Payne 1982; Chakrabarti & Bhaskaran 1992). In generaEiynamlcs of in-falling and outgoing transonic flows. They

the magnetic field is considered to be the reason behin%hOW that the thermal pressure could be sufficient to sup-

the collimation and acceleration of jets (Camenzind 1989)‘:‘)Iy matter to the outflows and accelerate them from low tO.
It is well established that the accretion disk and jetsmoderate Lorentz fact-ors (Chattopadhyay & Chakrabarti
are connected. This has been observed in many black ho 01_’ 2002)_' Transonic ,ﬂOW solutions naturally connect
(BH) sources. Traditionally, radio emission is considereot,he disk and jet because in th_e presence of a shock, entropy
to be originated from the jet while the X-ray is originat- "'S€S and the post—shpck region becomes the source of the
ed from the accretion disk. Thus, observation of radio/X-OUtﬂOW branch (see fig. 2 of Das & Chakrabarti 1999). So,

ray correlation indicates a coupling between the accretioHqey belong to .the sgme class of solutions W'th, opposn.e
boundary conditions in the sense that an accretion flow is

* Corresponding author subsonic at infinity and supersonic at the BH horizon while
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the jetis subsonic close to the horizon and supersonic at irpendence of the ratio of outflow and inflow rates on the
finity (Chakrabarti 1989). The terminal velocity of an out- compression ratio suggests that the outflow rate is not max-
flow is similar to the sound speed  /T) at the sonic  imum in the hard state. Rather, it is maximum in the in-
point (Chattopadhyay & Chakrabarti 2000), so, the closetermediate states when the shock strength is intermediate
to the BH the sonic point is, the higher the thermal ener{C99a,b). In the intermediate states, matter supply from
gy is, and higher the terminal velocity is (which is clearly the companion is much higher than that in the hard state.
an effect of the thermal pressure). Of course, the presendes the Keplerian rate is increased, the CENBOL is cooled
of rotational energy or magnetic energy would increase thdown and its size is reduced. When the jet base is cooled,
terminal velocity. The physics of the outflow is clear from the flow suddenly becomes supersonic, separating it from
the Bernoulli constant or the specific energy of the transonthe CENBOL to produce blobby jets (Chakrabarti 1999b;
ic flow (Chakrabarti 1989). Das & Chakrabarti 1999). The reduction of the outflow rate
Using the properties of transonic flows, the two-©N the Keplerian disk rate has been verified by numeri-
component advective flow (TCAF) solution (Chakrabartical simulations (Garain et al. 2012). In the soft state (SS),
& Titarchuk 1995, hereafter CT95; Chakrabarti 1997 and"€ Keplerian rate becomes very high and completely cools
references therein) for the accretion flow around a BH wadoWn the CENBOL, quenching the jet altogether.
proposed. This is a generalized transonic flow solution of ~ Recently, TCAF solution has been successfully imple-
radiative transfer equations considering both heating an@hented as an additive table model into HEASARC's spec-
cooling effects. In this solution, an accretion disk has twdral analysis software XSPEC (Arnaud 1996) to fit a BH
components of the inflowing matter: a low viscous, low an-spectrum (Debnath et al. 2014, 2015a). Using the TCAF
gular momentum sub-Keplerian halo component surroundnodel fitted spectral analysis, accretion dynamics of sev-
ing a highly viscous, high angular momentum Keplerianeral BHs have been explained satisfactorily (Mondal et
disk component. It has been shown that there exists a critel. 2014, 2016; Debnath et al. 2015a,b, 2017; Chatterjee
cal viscosity parametery,) for viscous flow (Chakrabarti et al. 2016, 2019a; Jana et al. 2016, 2017; Bhattacharjee
1990b, 1996; Chakrabarti & Das 2004). The flow with et al. 2017; Molla et al. 2017; Shang et al. 2019). To
super-critical valued > a..) makes a Keplerian disk fit a BH spectrum with the TCAF model based fits file
while the flow with sub-critical valueo < «.;) com- in XSPEC, one needs to supply two types of accretion
poses a sub-Keplerian halo (CT95, Chakrabarti & Molteniates (Keplerianig, and sub-Kepleriamiy,) in units of
1995). The sub-Keplerian flow forms an axisymmetricEddington rate, shock locatioX() in Schwarzschild ra-
shock at the centrifugal barrier and the inflowing matterdius s = 2G Mg /c?) and shock compression rati),
slows down at the shock locatio() making the region if the mass /g in M) and normalization are known.
hot and puffed-up. This post-shock region is known as théf the mass is unknown, one can also estimate it from the
CENBOL or CENtrifugal pressure supported BOundaryspectral analysis with the current version of the TCAF
Layer. It acts as the so-called ‘corona’ or ‘Compton cloud’model fits file (Molla et al. 2016, 2017; Chatterjee et al.
(Sunyaev & Titarchuk 1980, 1985). Low energy photons2016; Jana et al. 2016, hereafter Paper-I; Debnath et al.
coming from the Keplerian disk are inverse-Comptonized?017; Shang et al. 2019).
at CENBOL and become hard photons. They create the Unlike other models, TCAF model normalizatidhis
power-law (PL) component of the observed spectrum otonstant across the spectral states for a particular BHC ob-
BHs. The observed multi-color blackbody, i.e., disk black-served by a given instrument. Using this, Jana et al. (2017)
body (DBB) component, is due to thermal photons orig-(hereafter JCD17), separated the X-ray contribution from
inating from the Keplerian disk (similar to a truncatedthe accretion disk or inflowing matteFy,¢) from jets or
Shakura & Sunyaev 1973 or SS73 disk, but the temperasutflowing matter £,,¢). In JCD17, estimation of the jet
ture distribution is modified by reflected hard photons).  X-ray flux (F,.¢) and its properties during the 2005 out-
In the TCAF solution, the CENBOL is also the base ofburst of the Galactic BHC Swift J1753.5-0127 are stud-
the jet (C99a,b). Mass outflow rate depends on the accréed. In the current paper, using the same method, we sep-
tion rate, shock radius and shock compression ratlp ( arate X-ray contribution from jets/outflow for the Galactic
which is the ratio between post- and pre-shock densitie3HC MAXI J1836-194 during its 2011 and 2012 outburst-
Matters are driven outward due to thermal pressure gradf- The properties of X-ray jets are also studied during the
ent force. The outflowing matter or jet moves slowly upoutbursts as well as the intervening quiescent phase.
to the sonic surface~{ 2.5X,, C99a,b). After that, they Galactic transient BHC MAXI J1836-194 was dis-
move away supersonically. Due to the adiabatic expansiorcovered on 2011 Aug 29 by MAXI/GSC (Negoro et al.
temperature falls as the jet moves away. It emits electro2011). Swift/BAT also observed it simultaneously at R.A.
magnetic radiation in all wavebands. The theoretical de= 18"35™43% 43, Dec= —19°19’12".1. During this out-
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burst epoch, the source was active 013 months before require different normalizations for different obseroati
going into the quiescent state. It again exhibited a shor$. In TCAF, however, the entire spectrum is an outcome
activity on March 2012 (Krimm et al. 2012; Yang et al. of the solution and thus the model normalizatid¥' ‘on-
2012a). This source was studied extensively in multipldy depends on the intrinsic source parameters, namely, the
wavebands: from radio and optical to X-rays (Ferrigno etdistance of the source and the disk inclination angle. Thus,
al. 2012; Reis et al. 2012; Yang et al. 2012b; Russell et ait must remain a constant for a source observed by a partic-
2013, 2014a,b, 2015; Paper-1) during its 2011 outburst. ltlar satellite instrument. In our fit, one may still see some
has a short orbital period ef 4.9 hr and a low inclination  deviation of N, if the data are not of uniform quality, or if
angle (° — 15°; Russell et al. 2014a). This BHC is rapidly the disk precesses (i.e., if the effective disk area chgnges
spinning with a spin parameter af= 0.88 = 0.03 (Reis  or other physical processes such as X-rays from jets or out-
et al. 2012). Russell et al. (2014a) reported the mass of thitows are present, which are not included in the current
BH to be> 1.9 M, if the source is located d@tkpc and  version of the theoretical model fits file. For instance, if
> 7 Mg, if the distance islOkpc. In Paper-I, employing a jet is present and the base contributes to the observed X-
TCAF model fitted spectra, Jana et al. suggested the masays, we require a higher value &f while fitting the spec-
of the BH to be in between.5 — 11 Mg, or, more precise- trum with the TCAF model fits file. This, together with a
ly, 9.543;3; M. Russell et al. (2014a) also suggested thasimultaneous observation of activities in radio, can cenfir
the binary companion could be a low mass (.65 M)  m if the base of the jet is active in X-rays. While fitting
star. the3 — 25keV RXTE/PCA data of the 2011 outburst of
Our paper is organized in the following way: In MAXI J1836-194, we did not obtain a constaNtvalue
Section 2, we briefly discuss our observation and datéor all observations. The normalizatiod generally var-
analysis methods or estimation of the jet X-ray fluxesied within a narrow range d.25 — 0.35 when the radio
In Section 3, we examine results based on our analysis not very strong. However, in some observations, we re-
which includes the study of accretion flow properties ofquire higher values oV, when the jet is also found to be
the source during its 2011 and 2012 outbursts, and the irstronger, i.e., observed radio flux density is high. When
tervening quiescent phase. The evolution of the X-ray jethe jet is active, its contribution to X-rays also increases
and its correlation with the observed radio flux density areThus, the total X-ray flux£'y) obtained fron3 — 25 keV
discussed. Finally, in Section 4, we make concluding reRXTE/PCA data is the sum total of the contribution both

marks. from the jets as well as from the accretion disk. On 2011
Oct. 22 (MJD= 55856), N was found to bé®.25 which is
2 OBSERVATION, DATA ANALYSIS AND the lowest value. This leads us to assume that on this date,
METHOD OF ESTIMATING JET X-RAY FLUX the X-ray flux is completely from the accretion disk (see

) o . JCD17). To estimate the X-ray contribution only from the
Jana et al. (2016) studied spectral and timing properties. . retion disk or inflowing matter,c), we refit all the

of MAXI J1836-194 during its 2011 outburst in details. spectra withN' frozen at0.25. By taking the differences
Here, to estimate jet X-ray fluxes from the spectral analybetweenFX (which is the flux in3 — 25 keV of our pre-

SIS W'th_the TCAF mode_l, we emplay — 25keV RXTE vious model fitted spectra, when all model parameters are
Proportional Counter Unit 2 (PCU2) data of a total 35 ob-kept free) andF, (which is the flux of our later fits with

servational IDs (starting from the first PCA observationﬁxedN — 0.25) we can estimate the jet X-ray flu,)
day, i.e., 2011 August 31 or Modified Julian Day, i.e., MID po e by "

= 55804 till 2011 November 24 or MJB- 55889). For the
data extraction and analysis, we follow the same method as Fout = Fx — F. (1)
in Paper-1. After spending 4 months in the quiescent s-
tate, MAXI J1836-194 showed renewed activity in March We have also calculated,,; during the 2012 outburst
2012. We also analyzed 15 Swift/XRT observations be- based on Swift/XRT analysis. From RXTE/PCA spectral
tween 2012 March 12 and May 1. We apply the standar@nalysis of the 2011 outburs was found to be mini-
‘xrtpipeline’ command to extractighcurve, .pha and  mum,~ 0.25—0.253 from MJD = 55850 to 55867 during
.arf files. 0.5 — 10keV XRT spectra are fitted with the the declining phase of the hard state. This means that the
TCAF model. However, due to lack of data points with low X-ray jet must be lowest or inactive in these days (JCD17).
signal-to-noise ratio, acceptabié statistics are obtained The0.5 — 10.0keV Swift/XRT spectrum of 2011 Oct. 25
only for two observations during the 2012 outburst. (MJD = 55859) is now fitted with the TCAF model fits file
While fitting, a model normalization is used as a mul-to have an estimation of the model normalization at low or
tiplicative ‘factor’ that converts the observed spectra tono X-ray jet condition for XRT spectrum in the specified
match the theoretical model spectra. In general, one magnergy band. For the best model fit, we fiNd = 34.28
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(see Table 1). We also checked a few other XRT observe2012; Yang et al. 2012a). TH& — 50 keV Swift/BAT flux

tions around 2011 Oct. 22 (MJB 55856, with the min-  increased significantly during this epoch of the 2012 out-
imum value of N = 0.25 in the3 — 25keV PCA data), burst, althougl2 — 10 keV MAXI/GSC flux did not show
and found similarN values for the XRT. Thus, we used any significant change. The 2012 outburst is much weaker
this Swift/XRT spectrum fittedV value (as there was no compared to the 2011 outburst and it continued~or
X-ray jet ‘N’ for XRT in 0.5—10.0keV for MAXI J1836— months. On 2012 March 24 (MJB 56010), maximum
194) to calculate the jet X-ray flux for the 2012 outburst offlux in Swift/BAT was observed. During this outburst, BAT
the source. We freeze mass%b4 M, while fitting the  flux rapidly increased for the initial 20d before it de-
XRT data. Note that'y and F},; fluxes for3 — 25 keV ~ creased. After that, it moved to the quiescent phase, where
RXTE/PCA spectra are obtained using the ‘fiR 25.0°  the flux remained almost constant at very low values.

command, after retrieving the best model fits in XSPEC. HR roughly indicates whether a BHC is in the SS
or in the hard state. During the 2011 outburst, HR was
3 RESULTS minimum on MJD~ 55820. The BHC was in the hard-

intermediate state (HIMS) during that time (see Paper-
We study the source during its initial 10 month (from  |) paper-I also demonstrated that the accretion rate ra-
2011 August 31 to 2012 May 13; i.e., MJB 55804 tjg intensity diagram (ARRID) is a better alternative to
to 56060) period after its discovery on 2011 August 30the ‘q-diagram or hardness intensity diagram (HID) as in
MAXI J1836-194 exhibited two outbursts in 2011 andFerrigno et al. (2012) for describing transitions between
2012 with duration of- 3 and2 months respectively, sepa- spectral states. For a quick look, HR is more useful since
rated by~ 4 months of quiescent period, during the periodtg obtain ARRID, one needs to fit spectra with the TCAF
of our analysis. We compare variations of X-ray and ramodel. From Figure 1(c), we observe that at the very be-
dio intensities of the source, along with its SpeCtl’al and jeginning of the 2011 Outburst’ HR increased rapid|y’ before

properties. it started to decrease slowly until M3 55820. After that,
o HR increased slowly and varied within 1 — 6. This trend
3.1 X-ray and Radio Lightcurves of higher (hard state) HR value continued more or less in

the quiescent state as well as in the 2012 outburst. In the
quiescent state, HR fluctuated betw@eand6, which im-
plies that during the quiescent state, the source was in the
hard state with a very low mass accretion rate. During the
2012 outburst, the same HR was observed. However, to
check if during the entire 2012 outburst period the object

densities in5 and7.45GHz from the Very Large Array remained in a hard state, we need to carry out the spectral
(VLA), and 5.5 GHz of ATCA data are displayed. Radio analysis ' y P

data are referenced from Russell et al. (2014b, 2015) pa-
pers.
The X-ray lightcurves (in Fig. 1(a)-(b)) are plotted for

~ 10 months between 2011 Aug 26 and 2012 Jun 7. Inye study accretion flow properties of MAXI J1836—194
the rising phase of the 2011 outburst, both MAXI/GSC andqyring its 2011 and 2012 outbursts, and the intervening
Swift/BAT fluxes increased rapidly starting from 2011 Aug guiescent phase. The detailed spectral and timing analysis
29 (MJD = 55802). They attained a maximum peak flux relying on RXTE/PCA data to infer accretion flow dynam-
around 2011 Sept 6 (MJB- 55810). After that, the flux  ics of the source during its 2011 outburst has already been
decreased slowly, although Swift/BAT showed another sreported in Paper-I. Here, we extend our analysis period to
mall peak around 2011 Sept 9 (MJD 55813). Both the  cover quiescence as well as the 2012 outburst, wherever the

2011 and 2012 outbursts could be termed as ‘Fast-Risgfata are available. We mainly concentrate on the properties
Slow-Decay’ (FRSD) type of variation in the outburst pro- of the jet in X-rays.

files (Debnath et al. 2010). From the spectral evolution, it

could be denoted as ‘type-II’ or ‘harder type’ of BH bina- 3 5 1 2011 outburst

ries, since it does not show softer spectral states durng it

outbursts (Debnath et al. 2017). The BHC MAXI J1836-As stated earlier, the detailed study of the spectral and tim
194 was active fore 3 months till MID~ 55890 during  ing analysis to infer the accretion flow dynamics of the
its 2011 outburst. Then it entered the quiescent state jwhicsource during this outburst has already been reported in
continued for~ 4 months. The X-ray flux again started to Paper-1 usin@.5 — 25 keV RXTE/PCA data. Based on the
rise around 2012 March 12 (MJB 55998; Krimm et al.  variation of accretion rate ratio (ARR nij/mg), nature

We plot 15 — 50keV Swift/BAT and 2 — 10keV
MAXI/GSC fluxes in Figure 1(a)-(b). Hardness ratio (HR)
of Swift/BAT and MAXI/GSC fluxes is displayed in
Figure 1(c). HR is defined as the ratio betwaén- 50 keV
BAT and2 — 10keV GSC rates. In Figure 1(d), radio flux

3.2 Accretion Flow Properties of MAXI J1836-194
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Table 1 Swift/XRT Results Fitted with the TCAF Solution

Obs ID MJD i nin X, R N LineE  x2/dof
(Day) (Mgqa) (Mgaqa) (rs) (keV)
€] @) (3) @ (5) (6) ) (8) 9)

00032087028  55859.21 1.698%0-023 (9 584+0.013 73 79+2.44 1 gg1+0.087 34 91£1.93 ¢ 33£0.22 833 .2/940

00032308002 56006.85 0.011%0-001  ( 162+0.002 987 29+5.65 3 567+0.145 74 92£2.23  §68+0-19  760.3/940
00032308005 56013.05 0.012%0-001  ( 158+0.002 977 94+6.22 3 557£0.129 g3 go+1.91 ¢ 61£0.14 755 7/940

First observation is from the 2011 outburst. Last two oleteus are from the 2012 outburst. Data analysis is doneysih— 10.0 keV
Swift/XRT data with TCAF solution. Accretion ratesn(; and i) are expressed in terms of Eddington accretion ratg;{q). Shock
location (X) is presented in Schwarzschild radiug). R is the compression ratio (ratio of post-shock density teghreck density). Mass
is kept frozen a.54 M. N is TCAF normalization. Gaussian ‘line E’ represents peadrgy of Fe-k,, line.
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Fig. 1 Variation of (a)15 — 50 keV Swift/BAT flux in mCrab, (b)2 — 10 keV MAXI/GSC flux in mCrab, (c) HR= 15 — 50 keV
BAT/(2 — 10keV) GSC rates), and (d) GHz VLA, 5.5 GHz ATCA and5.5 GHz VLA radio flux densities in the unit of mJy are
shown. Radio data are taken from Russell et al. (2015). TH4 2@itburst began on MJB: 55804 and continued for 3 months
till MID ~ 55890. The 2012 outburst began on M3® 56000 and remained active fer 2 months. In between the 2011 and 2012
outburst, the source was in the quiescent state-fdrmonths.

of QPOs, they classified the entire outburst into two specto be roughly constant throughout the outburst. Generally
tral states: hard state (HS) and HIMS. These observed $-varied within 0.25 — 0.35. However, in some observa-
tates form a hysteresis loop as: HS (Ris:)HIMS (Ris.)  tions, very highN values were required to fit the spectra,
— HIMS (Dec.) — HS (Dec.). No signature of the soft- particularly when the radio flux densities were high. This
er spectral states, i.e., soft-intermediate state (SIM#) a indicates that these higher values/éfmay be due to the
SS was observed. Since the source is one of the shorter axcess contribution of the X-rays from the jets (JCD17).
bital period BHCs, there could be a high amount of lowWe apply the same method as in JCD17 to obtain the X-
angular momentum halo component from the companiomay flux of the jet in the present object.

winds, hardening the flow. From the spectral analysis, Jana

et al. (2016) estimated the probable mass of BH to be i
the range ofr.5 — 11.0 M,. Taking the average, the prob-
able mass of the BH is abofits4 ™} 0% M. They also es-

timated the viscous time scale as 10d, obtained from In general, a BHC is considered to be in quiescent state

_ i i 34 1 H
the differences in occurrences of the peaks of two types Ov[yhen the X-ray Iumlnqsn)L:X<10 ergs (Remlllard
accretion ratesiy andiy). & McClintock 2006). It is believed that the quiescent state

is the extended phase of hard/low-hard state with very low
While fitting the spectra with the TCAF model fits file, accretion rate and low luminosity. MAXI J1836-194 was
Jana et al. (2016) did not find the model normalizatidi ( in the quiescent state fer 4 months between its 2011 and

r3%.2.2 Quiescent state
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2012 outbursts. X-ray luminosity in the— 10keV band 3.3 Disk-Jet Connections

(calculated from MAXI/GSC observed flux) was observed . .

as low asLy ~ 103 ergs during the phase. HR was 3.3.1 Evolution of jets

observed to be higher (in between2 — 6). The radio jet . S - .
was observed during this phase though the luminosity Walsn the TCAF_ paradigm _Whlch is originated from vis-
much lower as compared to the 2011 outburst. The naturCSOus transonl_c f_Iow .solutlons, Jets are proqluced fr(_)m_ the
of the X-ray flux, observation of radio flux and higher HR ENBOL. This implies that both Comptonized radiation

indicate that MAXI J1836-194 was in the hard/low-hard]crom .the CENBOL region an.d the base of the Je? would
. : . . contribute to the accretion disk spectra and the jet spec-
state during this phase with very low accretion rate.

tra respectively, with the latter being important only when
the jets are active. This feature of the TCAF was exploit-
ed in JCD17 for Swift J1753.5-0127 while separating the
X-ray spectrum of the jet from the total X-ray spectrum
observed by satellites. Later, this method was employed
The 2012 outburst was much weaker as compared to tHe estimate the jet X-ray flux for another transient BHC
2011 outburst. Luminosity was about one hundred timeXTE J1118+480 during its 2000 outburst (Chatterjee et al.
lower than that of the 2011 outburst. This new flaring ac-2019a). This motivated us to re-look into MAXI J1836—
tivity of MAXI J1836-194 was detected by Swift/BAT on 194 (Paper-1) where the deviation of the constancy of the
2012 March 10 (Krimm et al. 2012). The source was activenodel normalization was observed, i.e., when higher
for about~ 60 d. Grebenev et al. (2013) reported that thevalues are required to fit the spectra in highly luminous
0.3 — 400 keV Swift+INTEGRAL spectra are PL dominat- HIMS. In these highV valued observations, observed ra-
ed with very little contributions from the DBB component. dio fluxes were also reported to be higher (Russell et al.
We have analyzed Swift/’XRT spectra in the energy rang@014b, 2015). Using the procedure of JCD17, the X-ray
of 0.5 — 10.0keV with the TCAF model, though due to the contributions from the jet during the 2011 and 2012 out-
lack of data points and low signal-to-noise ratio, we areoursts are obtained (see Table 2). The variation of total X-
unable to achieve acceptahlé-statistics in many obser- ray flux (#x), accretion disk X-ray flux£i,¢) and jet X-
vations with TCAF model or with the phenomenologicalray flux (F,u) are displayed in Figure 2(a)-(c). The vari-
DBB plus PL models. We only found bettg? statistics in ~ ation of the TCAF fitted normalization\() is shown in
two observations on 2012 March 20 (M356006) and Figure 2(d). Also,7.45 GHz VLA radio data are plotted in
2012 March 27 (MJD= 56013). Model fitted parameters Figure 2(e). The jet X-ray fluxi(.r) is found to increase
of these two XRT observations are listed in Table 1. slowly as the day progresses during the 2011 outburst, and
it attained the maximum value on 2011 Sept. 9 (MJD
The TCAF model fitted extracted values and high val-= 55813). VLA first observed the source n45GHz ra-
ues of ARR suggest that the disk is highly dominated bydio band on 2011 Sept. 3 (M3 55807), with a flux den-
the sub-Keplerian halo component. The sub-Keplerian hasity of 27 mJy. It was roughly constant for the next20 d.
lo rate (1) is found to be much higher as compared toThe source was in the HIMS during this phase of the out-
the Keplerian disk rateng,), so ARRs are also observed burst. F,,; also exhibited roughly constant nature in this
to be high & 13 — 14). The 2012 outburst was dominat- state.F,,¢ started to decrease after 2011 Sept. 23 (MJD
ed by the low viscous sub-Keplerian matter similar to the= 55827). Radio flux density also manifested a similar be-
2011 outburst of MAXI J1836-194. So, we can assuméavior. The BHC entered into the HS (Dec.) on 2011 Oct.
that the viscosity parameter was lower than the critical vall (MJD = 55835), which continued till the end of the out-
ue during the entire period of the outburst. If viscosity wasburst. During this phase of the outburst, béth; and Fr
above the critical value, the sub-Keplerian flow would havewere found to be very low.
been converted to a Keplerian disk (Chakrabarti 1990a,b, TCAF normalization {V) also showed a similar behav-
1996 and references therein). Due to this, a low supply imor as Fr and F,. It increased slowly in the rising phase
Keplerian disk component is observed, which was unablef the 2011 outburst. On MJB: 55813.56 and 55818.84,
to cool the CENBOL sufficiently. Thus, the source did notmuch higherN values 0f1.99 and2.07 respectively were
enter in the softer spectral state. Higher values of the TCAequired to fit the spectra with the TCAF fits file. After that,
model normalization’q4.92 and 93.82) indicate that the N decreased slowly till MID-~ 55830 after whichV var-
X-ray contribution of the jet could be strong as well. Butied within a narrow range of 0.25 — 0.35. Four spectra
unfortunately, there was no radio observation in the periodrom different spectral states are depicted in Figure 3(a)-
between MJD= 55961 — 56023. Note, during the spectral (d). The spectra are fitted with free (black solid curves) or
fitting, we kept mass of the BH frozen @64 M. frozen (at0.25; red dashed curves) normalization values.

3.2.3 2012 outburst
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Fig. 2 Variations of (a) total X-ray flux £x), (b) the X-ray flux from accretion diskf{,¢), (c) the jet X-ray flux Fou¢), (d) TCAF
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and in the unit ofl0~® ergecm 2 s 1.

The jet spectra are obtained by taking differences betweeng its 2005 outburst. When the jet was the strongest in
them and signified with a blue dash-dotted curve. We cathe HIMS of the 2011 outburst, its contribution in X-ray is
see that the jet spectra are stronger in the HIMS and alsiound to be up to~86%. On average, the jet X-ray con-

they are harder than the disk spectra. tributed~ 41% throughout the 2011 outburst. In the 2012

We have also analyzed a few Swift/XRT spectra fromoutburst, its contribution is found to be54% and~ 63%

the 2011 outburst in between MJD 55850 and 55867, " the two observations we studied, although total X-ray
when TCAF normalization values aré.25 — 0.253) fluxes are much lower than those of the 2011 outburst (see
around the minimum normalizatio®V( = 0.25 on MJD  1able 2).

= 55856) in 3 — 25keV RXTE/PCA. For0.5 — 10keV

XRT data, the fitted model normalizations are found to be3.3.2 Radio and X-ray flux correlations

~ N = 35. No XRT observations were available on the

day when the PCAV was minimum. In Table 1, we pro- giandard jet models predict a correlation between the radio
vide the Swift/’XRT model fitted result on 2011 Oct. 25 ;4 X-ray luminosity (Falcke & Biermann 1995: Heinz &
(MJID = 55859), when the minimunV = 34.28 for XRT g, nyaey 2003; Markoff et al. 2003; Russell et al. 2013).
in 0.5—10keV was required. During the 2012 outburst, duey; \yas first observed for BHC GX 339-4 (Hannikainen et

to low signal-to-noise ratio of the XRT data, we find bet- 5 1998). Several BHCs show a standard correlafign-
ter x? statistics only in two observations, on M3D56006 FY in the HS, with a correlation index df ~ 0.5 — 0.7

and 56013,Wheﬁ5—100 keV XRT fluxes were observed (Corbel et al. 2003, 2013’ Gallo et al. 2003’ 2004, 2006)

~10 ~10 21 ; )
at2.20 x 1077 and2.35 x 107" ergenT “s™ respec-  The correlation has been extended to the quiescent state

tively. To estimate the X-ray contributions only from the (410 et al. 2014: Plotkin et al. 2013, 2017). The corre-
accretion disk, we refitted both the spectra by keeping |0 is extended to AGNSs in the so-called ‘fundamental

frozen at34.28. Taking differences of the previous (when plane of black hole activity’ by including the mass and
all model parameters are kept free) and present model filyocretion rate (Merloni et al. 2003; Heinz 2004; Kording
ted fluxes, we calculate the jet/outflow contribution in theg; 4 2006). However, some BHCs manifest a steeper in-
X-rays. Jet X-ray fluxes are found to bel 95 x 107 and gy 1 4 (Coriat et al. 2011; Jonker et al. 2012). A few
1.493 x 10~'%ergenT® s~ on MID= 56006 and 56013 her BHCs exhibit dual correlation tracks. H 1743322,
respectively. XTE J1752-223 and MAXI J1659-152 are some sources,
MAXI J1836-194 exhibited strong jet activity during where steeper correlation indices are observed when
its 2011 outburst as compared to Swift J1753.5-0127 dur>103¢ ergst. However, they are found to move towards
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Table 2 X-ray Jet during 2011 and 2012 Outburst

No. Obs ID MJD N Fx Fiog Fous % of Fl ¢
)] (2) (3) 4 (5) (6) (7) (8)
1 X-01-00 55804.52  0.669%0-002 171 .181+0.052 4 318+0.041 6.863+0-011 61.38
2 X-02-00 55805.61  0.69510-002 13 .811+0.049 5 15940.035 8.652+0.014 62.64
3 X-03-00 55806.51  0.893E0-027  14.417+0.290 4 976£0.212 1 141+0.078 70.34
4 X-03-01 55808.33  0.804%0-057  16.235+0.057  5313+0.071 10 g22+0.014 67.27
5 X-03-02 55810.29  0.829%10-076  17.985+0.301 5 79540.192 19 96(+0.104 68.16
6 X-03-03 55812.57  1.020E0-077  16.86510-271  4.451£0.156 19 414+0.096 73.60
7 Y-01-00 55813.55  1.998+0.017 17 755+0.209 9 554+0.162 15 9(1+0.077 85.61
8 Y-01-04 55818.84  2.073%10.066 1318510281 1 gp7+0.147 17 37g+0.134 86.29
9 Y-01-05 55819.20  1.515E0-067  13308+0.283 9 413+0.167 10 895+0.116 81.86
10 Y-02-03 55820.40  1.683%0-042 19 394+0.271 ] gg3+0.152 1 401+0-119 83.92
11 Y-02-00 55821.85  0.894+0.085 13 19g+0.315 3 933+0.209 9.265+0-106 70.19
12 Y-02-01 55822.83  1.083%0-059 19 699+0.078 3 139+0.051 9.560+0-027 75.28
13 Y-02-04 55823.84  1.059%0-031  13.416%0.075  3.296+0.042 10 119+0.029 75.43
14 Y-02-05 55824.58  1.240%10-033  13751+0.102 3 (33+0.054 10 718+0.056 77.94
15 Y-02-02 55825.94  0.841%0-033 13 453+0.242 4 956+0.102 9.197%0.130 68.36
16 Y-02-06 55826.60  0.647X0-068  13701+0.223 5 4g81+0.088 8.220+0-112 59.99
17 Y-03-04 55827.33  0.613%0-065 12 962+0.071 5 4g8+0.050 7.474%0.021 57.66
18 Y-03-01 55829.80  0.470%0-066 19 9g4+0.061 7 43+0.028 5.941%0.033 45.75
19 Y-03-05 55830.89  0.395L0-053 19 826+0.057 g 189+0.024 4.637+0.037 36.15
20 Y-03-02 55831.84  0.313%0.050 19 785+0.091 10 241+0.035 9 544+0.056 19.89
21 Y-03-03 55832.81  0.348%0-070 19 39+0.122 g g7+0.064 3.420%0.058 27.58
22 Y-04-01 55835.81  0.311%0-031 17 557+0.152 g 345+0.078 2.212+0.084 19.13
23 Y-04-02 55836.78  0.208+0.044 17 901+0.154 g 417+0.098 1.784+0.096 15.92
24 Y-04-04 55838.83  0.333%0-025 10 473+0.140 7 914+0.071 2.559+0.069 24.43
25 Y-04-06 55840.78  0.294F0-007 9 g78+0.079 8.246+0-058 1.432%+0-021 14.79
26 Y-05-00 55842.79  0.280+0-008 g 990*0.179 8.217+0.118 0.982+0.067 10.67
27 Y-05-01 55843.76  0.280%0-057 8 g05+0.045 7.869+0-071 0.936+0-026 10.62
28 Y-05-04 55844.86  0.323%0-074 g pEL0-084 6.714%0-037 1.952%+0-057 22.52
29 Y-05-06 55847.80  0.300%0-042  7,518+0.069 6.283+0.025 1.235+0.044 16.42
30 Y-06-02 55850.87  0.251%0-074 ¢ gp5+0-097 6.794%0.041 0.011%0.056 0.16
31 Y-07-00 55856.47  0.250%0-027 5 .963+0.014 5.263+0-087 0.000+0-073 0.00
32 Y-08-00 55862.87  0.253%0.011 4 367+0.075 4.358+0.024 0.008+0-099 0.19
33 Y-08-05 55867.08  0.252%0-016 3 g55+0.087 3.935+0.132 0.021%0.055 0.54
34 Y-09-02 55871.06  0.256+0-007 3 .916+0.088 3.205+0-125 0.010+0-037 0.31
35 Y-10-01 55877.63  0.25910.002 3 g5+0.022 2.978+0.077 0.107%0-055 3.47
36 00032308002* 56006.85 74.92+2:23 2.201%0.023 1.101+0-012 1.193+0.011 54.23
37  00032308005*  56013.05 93.87t1:99 92 353%0.024 0.859+0-010 1.493+0.014 63.48

Fx, Fous and Fys are the unit ofl0—19 ergcnm 2 s~1. For the 2011 outbursf'x, F, s and F},,; are calculated in the energy
range of3 — 25 keV. For the 2012 outburst, fluxes are calculated.’— 10.0 keV energy rangeF,,s/Fx indicate % of jet
X-ray contributions out of total X-raysX =96371-03,Y =96438-01 are prefixes of observation ID'sare from the 2012
outburst.

the standard correlation track in the low luminosity stateVLA flux as Fz. For Swift J1753.5-0127, a similar corre-
(Jonker et al. 2010, 2012; Coriat et al. 2011; Ratti et allation index ¢ = 0.59 + 0.11) betweenFr and F,,,s was
2012), but Swift J1753.5-0127 has shown a different coralso found (see, JCD17 for more details). This indicates
relation index § ~ 1) (Soleri et al. 2010; Rushtan et al. that the mechanism for jet production could be the same,
2016, JCD17). at least for these two BHCs.

Interestingly, these correlations &%; have been ob- We have also drawn a plot of’z vs Fy for
tained with total X-ray flux £y) in the 3 — 9keV band, MAXI J1836-194 during its 2011 outburst in Figure 4(c)-
which contains X-ray fluxes both from the disk and the(d) and it is fitted withFz ~ F% to find the corre-
jet. This may be the reason for different correlation indice 1ation index. For3 — 25keV PCU2 flux (x), we find
in different spectral states of the same source. Since wg ~ 1.79 £ 0.11. Similarly, when we utilize3 — 9keV
have been able to separate the X-ray contributions of thBCU2 flux (Fx), b ~ 1.82+0.12. Russell et al. (2015) also
jet (F,u¢) and the accretion diski{,¢) from the total X- reported a similar steeper correlation index{1.8+0.2).

rays, correlation curves betwedf; with F,.; and Fiy, Interestingly, we did not find any correlation betwegn
could be plotted. In Figure 4(a), the plot betwelga and ~ @ndFins (see, Fig. 4(b)).
Foue (in 3 — 25keV) is shown, where the correlation in- In Figure 5, we draw the correlation plot in luminosi-

dex is found to bé» = 0.61 4 0.08, which is within the ty, i.e., theLr — Lx plane. Other than the 2011 outburst
limit of standard correlation. Here, we have ugetbh GHz  of MAXI J1836-194, data from the 2012 outburst and the
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Fig.4 Correlation plots are depicted far45 GHz Fr with (a) 3 — 25keV Fius, (b) 3 — 25keV Fi.t, (¢) 3 — 9keV Fx and (d)

3—25keV Fx. The correlations are in the form &f; ~ F%, whereb is the correlation index. We did not find any correlation begw

Fr andFiy¢. Fr is in the unit of mJyFx, Four and Fi¢ are in the unit o0~ % ergen 2 s7?.

quiescent state between two outbursts are also include@127, we utilize the TCAF model fitted spectral result
As stated earlier, during the 2012 outburst, acceptgble of RXTE/PCA from Paper | and JCD17 respectively. For
statistics are achieved only for two observations. We calthe quiescent state as well as for the 2012 outburst of
culated the jet X-ray contribution on these two days butMAXI J1836-194, we emplo@ — 10 keV MAXI/GSC

no quasi-simultaneous radio data are available for these tlata for calculatind. x values, where radio data are avail-
wo observations. So, we are unable to include these twable. It can be noted that two data points from the quiescent
results in the plot. We only display variation of the total X- state and one data point from the 2012 outburst are not ac-
rays (Lx in 2 — 10 keV) with L. For the 2011 outburst of tual detections, but rather they are upper limits of theaadi
MAXI J1836—194 and the 2005 outburst of Swift J1753.5-flux (Russell et al. 2014b, 2015). We also calculate the jet
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Fig.5 Correlation plots are depicted in the luminosity pla@eange dashedndsolid linesdelineate the correlation track 6fz — Lous

for MAXI1 J1836-194 during the 2011 outburst and Swift J1858127 during the 2005 outburst respectiv&gdandblue diamonds
mark Lr — Lous points for MAXI J1836—194 and Swift J1753.5-0127 respetyivRedandblue circlesmark Ly — Lx correlation
points for MAXI J1836—194 during the 2011 outburst and SWAf753.5-0127 during the 2005 outburst respectilyple dashed
andsolid linesare for theLr — Lx correlation track for MAXI J1836-194 during the 2011 ousiitand Swift J1753.5-0127 during
the 2005 outburst respectivelgreenandbrown circlesrepresent.r — L x points for MAXI J1836-194 during the 2012 outburst and
quiescent state respectively. Note: X-ray luminositieg ) are calculated in the — 10 keV range of PCA and XRT by assuming the
distance of MAXI J1836-194 and Swift J1753.5-0127 tdrtk@c and8 kpc respectively. Down arrows indicate points with upper
limit of the radio luminosities.

X-ray luminosity (o) for MAXI J1836—194 (during its 4 DISCUSSIONS AND CONCLUDING REMARKS
2011 outburst) as well as for Swift J1753.5-0127 (during

its 2005 outburst) using TCAF model fitted PCA SpeCtra_Considering the fact that the TCAF model normalization
We find that the quiescent and 2012 outburst ddta)( is a constant for a given source and observing instrument,
points lie on the correlation track of jeL& — Lour) in- fits with good quality data are expected to have constan-

stead of their total X-ray tracki(z — Lx). This indicates t normalization. However, normalization may have small
that there was very little contribution in the X-rays froneth fluctuations due to an error in the model fittings or data
accretion disk or inflowing matter. Only the jet contributesdu&lity, butany significant deviation indicates the presen

in X-rays during the 2012 outburst as well as in the quies©f Other physical processes such as jet, disk precesston, et

cent state. However, three upper limit points indicate thayvhich are notincluded in TCAF based fits file used here. In

actual radio fluxes could be at a lower level and may fallthis present papefy varied between- 0.25 — 0.35 in the
close to thel., — L line. low activity radio phase with minimum value of = 0.25.

But in the higher jet activity period (in HIMS), observad
values & 1.5 — 2.1) are found to be- 6 — 8 times greater
In the case of compact jets, we expect a tight correlathan minimumx'. So, the continuous (not in a random s-

tion betweenFr and F, ;. For discrete ejections, a tight ingle observation) of higheW values is certainly not due
correlation may not be found. For BHC Swift J1753.5-to instrumental/modelling error. Rather, they appear to be
0127, a tight correlation is not obtained, especially indue to the jet activity.
the HIMS when flux was much higher. In the HIMS, Since the base of the jet/outflow also contributes to X-
the nature of the jet is not entirely compact and perhapgay along with the accretion disk, in a jet dominated phase,
partially blobby (see JCD17 and references therein). Foa higher value of normalization is expected. This allows us
MAXI J1836-194, a tight correlation is obtained f6z ~ to segregate the contributions from the inflow and outflow
and F,,¢ during both HS and HIMS. This indicates that components. During the 2011 outburst of MAXI J1836—
the nature of the jet is compact for this BHC, though thel94, N is generally varied betwedh25 — 0.35, except for
possibility of fast and slow components cannot be ruledhe days with jet domination, when much highéalues
out. Russell et al. (2015) also reported the compact naturae required to fit the spectra satisfactorily. As in JCD17,
of the jet for this BHC. here we also assume that only accretion disk or inflowing
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matter contributes in the X-rays when the minimum val-agrees with the theoretical point of view (C99a,b; Das &
ue of N = 0.25 was required (as on 2011 Oct. 22, MJID Chakrabarti 1999). However, Russell et al. (2014b) found
= 55856) while fitting 3 — 25keV RXTE/PCA data of Lj;. increased in the decay phase. Radio flux was lower
MAXI J1836 during its 2011 outburst. Though the radioin this phase. Thus most of the jet power was emitted in
jet appeared to be weakly active on this day, we assumetthie IR and optical wavebands with very little contribution
that contribution of the jets to the X-ray was negligible. Toin radio and X-ray (see Fig. 2 of this paper and fig. 2 of
estimate the X-ray flux contributions coming only for the Russell et al. 2014b). In the decay phase, magnetic field at
accretion disk or inflowing matterFi,¢), we refit all the the base of the jet increased (Russell et al. 2014b). Due to
spectra withV frozen at0.25. Applying Equation (1), we high magnetic field, a significant amount of jet power was
calculate the jet contributions in X-ray8yr). emitted in the IR and optical wavebands via synchrotron
process. Since the jet is compact and dense, radio flux was
very low due to high magnetic field. Thub;. increased
due to high IR and optical radiation while radio and jet X-

In the TCAF paradigm, spectral states are related t
variation of the flow parameters including shock compres
sion ratio (see Debnath et al. 2015a, 2017 and referenc
therein). At the beginning of an outburst, generally a BH@Y fluxes were lower.
starts in the HS. In this HS, presence of a strong shock After ~ 3 months of activity during the 2011 out-
(with high R) located far away from the BH is seen. As the burst, MAXI J1836-194 entered the quiescent state, which
outburst progresses, the source enters into the interteedigcontinued for the next- 4 months. We calculated HR
state (HIMS and SIMS). In this state, due to rise in cool-from2 — 10keV MAXI/GSC and15 — 50 keV Swift/BAT
ing rate (as number of soft photons increases with rise itightcurves. HR is found to vary between- 6, indicating
mhy), Size of the CENBOL is reduced. So in these states, ththe source was in the harder states. Three ATCA observa-
shock becomes weaker and moves inward. The strength §pns were available @5 GHz during the quiescent phase.
the shock becomes intermediate. As the outburst progresglowever, radio flux densities were very low (0.1 mJy).
es further, the source enters the SS. In this state, the sho€} the contrary, during the 2011 outburst, in the HIMS,
becomes very weak or absent with~ 1. In the declining 5.5 GHz ATCA flux density was~ 40 mJy. X-ray lumi-
phase, opposite behaviors of the flow parameters are segmsity (Lx) was also very low 10%*) during this phase.
Chakrabarti (1999a,b) predicted that the ratio of the outA radio jet is generally observed in the hard and interme-
flow rate to inflow rate R,;,) is maximum when the shock diate spectral states. Observation of the radio jets and HR
strength is intermediate. Chakrabarti (1999b) discudsed t indicate that the source was in the low luminous HS during
relation between spectral states and the outflow/inflow rathis phase of the outburst. However, there are some report-
tio (see fig. 2 of the Chakrabarti paper). Subsequently, i§ that the quiescent state spectra are softer than those of
was made clearer in Chakrabarti (1999b, 2001, 2002) exthe HS for several other BHCs, such as XTE J1118+480
actly when the jets would be most prominent. Inthe presenfl’ ~ 2.02), XTE J1550-5641( ~ 2.25), GX 3394
case, we observed maximum jet X-ray fluk.(;) in the (I' ~ 1.99) and V 404 Cyg I ~ 2.08) (Corbel et al. 2006;
HIMS for MAXI J1836-194, which is similar to the 2005 Plotkin et al. 2013, 2017).
outburst of Swift J1753.5-0127 (see JCD17). MAXI J1836-194 also manifested new flaring activity

Jet kinetic power is converted to radiations in differenton 2012 March 12 (MJB= 55998), which continued for

wavebands (radio, infrared (IR), optical to X-ray). Ruksel 2 months. We analyze@l5 — 10.0 keV Swift/XRT spectra
etal. (2014b) showed that there is a significant contriloutio With the TCAF model and extracted accretion flow param-
in the jet from IR and optical wavebands which is presum-£ters for the two observations from M3B56006.85 and

ably due to synchrotron emission. However, since there {§6013.05. Our model parameters indicate the high domi-
no real boundary between the CENBOL and the base of th@ance of the sub-Keplerian halo accretion rates and high
jet, in F,u¢, the dominating contribution could be due to in- Shock strengths during these observations (see Table 1).

verse Comptonization and not due to the synchrotron prolhis allowed us to infer that during the days we observed
cess. Russell et al. (2014b) estimated jet luminodity ] the 2012 outburst, the source was also in the HS. We also

by integrating the jet spectra overx 10° — 7 x 104 Hz calculated jet contribution in the X-rays and found that the

for six observations during the 2011 outburst. They ascercontributions were up te- 54% and-~ 63% of total X-ray
tainedL;.; was minimum in the HIMS though X-ray flux in these two observations.

(Four) Was higher. This indicates that the jet was active in ~ We expectF,,; and Fr to be well correlated since
the X-ray but not in the IR and optical. In the decay phasethey both originated from the jet. At the base of the jet, X-
the X-ray jet F,u¢) was found to decrease. This is expect-ray is emitted since it is the hottest region right above the
ed since the accretion rate also decreased, which in turn réENBOL. As the jet moves away, it is cooled due to ex-
duced the mass outflow rate and jet X-ray flék,(;). This  pansion. Hence, it emits in the other low energy waveband-
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s, such as ultraviolet, IR and radio. The correlation betwee  In the quiescent state, and the subsequent 2012 out-
the disk and the jet X-rays should directly lead to correlaburst, thel.x — L correlation points lie in thé.,.s — Lr

tions with other radiations from the jet. We have drawn acorrelation track, i.e., jet-line of MAXI J1836-194 at low-
correlation plot between the jet X-ray flux&25keV of  er Lx values. If the jet production mechanism remains
RXTE/PCA and radio in.45 GHz VLA in Figure 4(a). We  the same across different outbursts, we may conclude that
obtained the correlation in the form &f; ~ FO.51+9-08 there was very little X-ray emission from the accretion disk
For Swift J1753.5-0127, a similar correlation Bf; ~  in the quiescence and the 2012 outburst. All or most of
FO-29%0-1 s found. ThusFr ~ F2.% could be a universal the X-rays come from the jet or outflow. If this is true,
correlation, but to firmly establish it, we need more obserthen Lx ~ L. Thus, it is possible that some alternate
vations. Interestingly, Corbel et al. (2003, 2013) and &Gall mechanism may exist for producing jets and outflows in
et al. (2003) have found the standard correlation index téhe quiescent and low luminosity phases of these types of

be~ 0.6 — 0.7 if the correlation betweelr’s and F'x is  BH binary systems.

examined. Howeve‘r, a.steeper, index { — 1.4) has been During the 2011 outburst, the jet contribution is as
identified for many ‘radio-quiet’ BHCs (Jonker et al. 2012; high as~ 86% of the total X-ray with an average contri-

Ratti et al. 2012). An unusually steep index is found fory tion of~ 41%. This makes MAXI J1836-194 a jet dom-

MAXI J1836-194 during its 2011 outburst whéi: was  jhated BHC. Even after the 2012 outburst, ATCA observed
correlated with’x . When we apply.45 GHz VLA dataas 4o flux densities 0f.07 mJy at5.5 GHz and0.09 mJy

Fp with 3 — 25keV RXTE/PCA flux asf'x, a steeper cor- - ot g GHz on MID= 56163. This also indicates the ac-

relation is o.b-served with indéx~ 1.79 £ 0.11. Similar-ly, tivity of the jet on that day. Thus even when the X-ray
when we utilize3 — 9keV RXTE/PCA flux asF'x, the in- luminosity is less thanv 1032ergs !, the jet is active.

dex is found at- 1.82 = 0.12. A similar correlation was  cpakrabarti & Bhaskaran (1992) showed that it is easier to
also reported by Russell et al. (2015). They suggested that,qyce a jet from the sub-Keplerian halo. In the quiescent

it could be due to variable Lorentz factor throughout thestate, a Keplerian disk may not be formed due to the lack

outburst. Another possible reason behind these steeper cqj viscosity. However, a constant supply of winds from the
relation indices may be due to the high supply rate of 10w, mpanion star form a radiatively inefficient sub-Keplaria
viscous sub-Keplerian matter in the form of wind or ac-f,y which launches the jets. This implies that in the qui-

cretion, since it is a low orbital period<( 4.9h) binary  egcent state as well as during the 2012 outburst, the X-ray
system. The system is very compact and its L1 point igontribution from the accretion disk is negligible.
closer to the BH as its mass-s 15 times higher than the

companion. The rotational velocity of the accreting mat- H|gh_1et activity (> 75%) Of]_et X_—ray Is quite unusual
ter is high at L1, thus Coriolis force will be high on the for transient stellar mass BH binaries, although, there are

inflowing stream of matter. This leads to a higher amount°™Me observational e_vid_ences, S_UCh_ as 55 433 and XTE
d‘]1118+480’ where high jet contributions were observed.
stream of matter that is not accreted by the BH would for-In SS 433, itis believed that 100% of the X-ray flux was

m a hot cloud surrounding the accretion disk. Scatteringgontri_bmed by the jet since the accrgtion disk was obscured
of photons emitted from the jets with this cloud of wind (Fabrika 2004 and references therein). In case of a short or-

bital period transient BHC XTE J1118+480, two outbursts
(2000 and 2005) were induced by jet activity where the
jet contributed as high as 75% in X-rays (Chatterjee et al.
We have not found any correlation betweEp; and  2019a,b). Theoretically, a few models also support high jet
Fr (see Fig. 3(b)). It seems that this could be due to obactivity such as advection dominated inflow-outflow solu-
scuration of the photons emitted from the pre-shock diskion (ADIOS; Blandford & Begelman 1999), jet dominated
as well as from CENBOL. The obscuration suppresses thaccretion flow (JDAF; Falcke & Markoff 2000; Markoff et
photon flux from the accretion disk or inflowing matter al. 2001, 2003 and references therein) or the magnetical-
(Finr)- In Figure 3(b), we clearly see that there are twoly arrested disk (MAD; Narayan et al. 2003) model. In the
branches. If we shift the upper branch toward the right, (i.e.,ADIOS model, the outflow could be dominating if the ac-
towards high flux), a correlation could be seen. Howevergretion is radiatively inefficient and the accretion rate is
due to the shift of the upper branch towards the lower siddpw. The JDAF model infers that the broadband spectra,
we did not find any correlation. On the contrary, being afrom radio to X-ray, are generated by synchrotron radiation
face-on systemi(= 4° — 15°; Russell et al. 2014a), the jet from the jet. Inthe MAD model, energy extraction from the
may not be obscured. A strong correlationQf; with Fr ~ accreting matter is as high as 50% for a non-rotating BH in
also confirms that there is low or negligible obscuration inthe presence of a strong magnetic field. But in the present
the jet fluxes. case, we believe that obscuration of the accretion disk is

of deflection to part of the inflowing matter. This deflecte

matter could steepen the correlation indices.
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responsible for observing such high contribution from jet. Chakrabarti, S.
In this case, thé,¢ contribution would actually be larger Chakrabarti, S.
than~ 14% if there were no obscuring clouds and the rela-Chakrabarti, S.
tive jet contribution might be much less than the presentlyChakrabarti, S.
observed value of 86%. Chakrabarti, S.

L — Loyt correlation is expected to hold tight as long Chakrabarti, S.

as the jet remains compact. In case of a blobby jet or disg:hakrabartl, S

. . . Chakrabarti, S.
crete ejection, we do not expect a tight correlation. ForChakrabarti S
BHC Swift J1753.5-0127, we observe scatter points in the iV'001252,6) '
L — Loyt track (see Fig. 5) especially in the HIMS. Thus, | .

he nature of the jet for Swift J1753.5-0127 is blobby in theChakrabam’ >
t J ) y Chakrabarti, S.
HIMS. However in HS, when the fluxes are low, a tighter 579 L21

correlation is obtained. It indicates that the jet remainscy .y aparti. s.
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compact as in the HS of Swift J1753.5-0127 during itsCh‘,me”-ee D., Debnath, D., Chakrabarti, S. K., et al. 2846

2005 outburst (JCD17). From Figure 5, for MAXI J1836— 827 88
194, we obtain a tight correlation in both HS and HIMS. Chattérjee D.

Debnath, D., Jana, A., & Chakrabarti, S. K.

This leads us to conclude that the jet could be compact 2019a, Ap&SS, 364, 14
throughout the outburst, though the possibility of fast andc:h‘,me”-ee D., Debnath, D., Jana, A., et al. 2019b, MNRABs

slow components cannot be ruled out. Russell et al. (2015) mitted)

also reported on the compact nature of the jet for this BHC chagtopadhyay, 1., & Chakrabarti, S. K. 2000, 1IJMPD, 9, 57
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FY6 for

ouf

pling for other BHCs. So far, we fountly ~
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MAXI J1836-194 and Swift J1753.5—-0127. We would like Chattopadhyay I., & Das S. 2007, New Astronomy, 12, 454

to see if this relation holds in some other cases as well.
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