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Abstract We study spectral and temporal properties of Galactic strdvital period transient black hole
XTE J1118+480 during its 2005 outburst using archival d&tR¥TE PCA and HEXTE instruments in
the combined energy range ®f— 100 keV. Spectral analysis with the physical two component ative
flow (TCAF) model allows us to understand the accretion floapgrties of the source. We found that this
outburst of XTE J1118+480 is an unconventional outburshassburce was only in the hard state (HS).
Our spectral analysis suggests that during the entire osttlihe source was highly dominated by the low
angular momentum sub-Keplerian halo rate. Since the sauaseactive in radio throughout the outburst,
we make an effort to estimate X-ray contribution of jets tmtobserved X-ray emissions from the spectral
analysis with the TCAF model. The total X-ray intensity stsansimilar nature of evolution as that of radio
and jet X-ray fluxes. This allowed us to define this ‘outbuadso as a jet dominated ‘outburst’. Total X-ray
flux is also found to subside when jet activity disappears. d&tailed spectral analysis also indicated that
although the source was only in the HS during the outburstérate declining phase the spectrum became
slightly softer due to the slow rise in the Keplerian dislerat

Key words: X-Rays: binaries — stars: black holes — stars individualTEXJ1118+480) — accretion,
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1 INTRODUCTION ray, optical and extreme ultraviolet (EUVMpod et al.
200Q Haswell etal. 2000 The mass of the BH has
XTE J1118+480 was discovered on 2000 March 29 bypeen predicted dynamically byVagner et al. (200)
the All Sky Monitor (ASM) onboard the Rossi X-ray (6.0 —7.7 M), Gelino etal.(2009 (8.53 + 0.6 M) and
Timing Explorer (RXTE) satellite at R.A.¥1"18™10°.79,  Khargharia et al(2013 (6.9 — 8.2 My). This is suggested
Dec.= 48°02/12"” .42 (Remillard et al. 2000 Follow up to be a highly inclined{ 68° — 79°) (Khargharia et al.
observations were carried out byemuraetal. 2000 2013, short orbital period  4.1h) (Patterson etal.
Chaty et al. 2000 Wren & McKay 2000 Mauche etal. 200Q Gonzalez Hernandez et al. 2012w mass binary
200Q Pooley & Waldram 2000Because of its unique System. The spectral and temporal properties of the
position in the Galactic halo, this black hole (BH) binary source during its 2000 outburst have been studied
suffered much less absorption and is widely studiedy Chatterjee et al(2019 (hereafter Paper-l), utilizing
in multi-wavelengths during both its active outburstingcombined RXTE Proportional Counter Array (PCA) and
periods and in its quiescent staRenivtsev et al. 2000 High Energy X-ray Timing Experiment (HEXTE) data
Cook et al. 2000Garcia et al. 2000Haswell et al. 2000  Wwith the physical two component advective flow (TCAF)
Hynes et al. 2000McClintock et al. 2000 Wagner etal. model Chakrabarti & Titarchuk 1995to understand the
200Q Taranova & Shenavrin 2000Esin etal. 2001 accretion flow dynamics of the source. Estimation of the X-
Markoff et al. 2001 Hynes et al. 2003Chaty et al. 2003 ray contribution of the jet made from spectral analysis with
Shahbaz et al. 2005 The distance of this system is the TCAF model suggests that the outburst was dominated
estimated to be around 1.8 kpd¢Clintock et al. 2001p by jets/outflows. Monotonic evolution of low frequency
The distance above the Galactic plane (1.7kpc) QPOs is also studied. In Paper-I, the probable mass of the
places it in the ‘Lockman halo’emuraetal. 2000 BH is also estimated from the spectral analysis in the range
Quasi-Periodic Oscillations (QPOs) were observed in X0f 6.25 — 7.49 M, or 6.9970 3% M.
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After roughly five years in the quiescent phase inChatterjee etal. 20162019 202Q Janaetal. 2016
January 2005, XTE J1118+480 exhibited new outburstingana et al. 2020®ebnath et al. 201 Bhattacharjee et al.
activity with shorter duration~ 1.5 months) and lower 2017 Shang et al. 2019 Theoretically, the coupling of
intensity flux compared to its earlier (2000) outburst.disk and jet connection has been studied based on the
Multi-wavelength studies of the source during this outburstransonic flow model by several author€h@krabarti
are also carried out by many authafsirita et al. (20058  1999ab; Chattopadhyay & Das 200QAktar et al. 2015
reported an optical outburst on 2005 January 9. Th&he outflow rate from the inflowing accretion rate has
outburst was also detected at X-ray and radio wavelengthseen calculated implementing hydrodynamics of infalling
(Remillard et al. 2005Pooley 2005 Rupen etal. 2005 and outgoing transonic flows Chakrabarti 1999k;

The outburst faded rapidly and reached near quiescend®as & Chakrabarti 1999 Chakrabarti & Mandal(2006

by late February4urita et al. 2005p The evolution of the  studied the two component accretion flows in the presence

long-term lightcurve and outburst properties was disalisseof synchrotron radiation. Estimation of the contributidn o

by Zurita et al.(2008. the jet X-ray fluxes (if present) and their properties is also
studied with the TCAF modelJana et al. 20172020h

In the present paper, our goal is to study accretiorpgper-|). Even frequencies of the dominating type-C QPOs
flow properties of the source during its 2005 outburst. Weyre aiso predicted from the TCAF model fitted shock
wanted to check whether the nature of the source is Similaﬁarametersmebnath et al. 201 Chatterjee et al. 2016
to other shorter orbital period harder or type-ll transient  This paper is organized in the following way: in
low-mass X-ray binaries recently studied by our group (Se&ection 2, we discuss the observation and data analysis
Debnath et al. 201@nd references therein). Here, we alsoprocedures. In Section 3, we present the results from our
make an effort to study properties of jets, particulariyie t - gpeciral analysis using two types of models. Evolution of
X-ray band. A detailed spectral analysis is made applying(_ray contribution of jets/outflows during the outburst is
the physical TCAF modelthakrabarti & Titarchuk 1995 stydied with that of radio fluxes. Finally, in Section 4,

which is based on transonic flowEifakrabarti 1997 \ye summarize the result and briefly present a comparison
This TCAF configuration consists of two types of flows, petween this and the 2000 outburst.

namely, high viscous, high angular momentum Keplerian

flow along the equatorial plane and low viscous, 10W5 ~BSERVATIONS AND DATA ANALYSIS

angular momentum sub-Keplerian flow enveloping the

Keplerian disk. Close to the BH, an axisymmetric shockin 2005, although the outburst was reported on January 9
forms due to the centrifugal barrier and the supersonic sulby Zurita et al.(20058, RXTE started monitoring it five
Keplerian flow suddenly jumps to the subsonic branchdays later on a daily basis. To find the broad spectral
The post-shock region puffs-up and becomes hot dumformation in the3 — 100keV band, we studied 21
to slowing down of the matter at the shock location.observations of combined data of RXTE PCA and HEXTE
This puffed-up region between the shock and the inneinstruments from 2005 January 14 (MJD=53384.99)
sonic point just outside of the horizon acts as theto January 25 (MJD=53395.59). HEASARC's software
Compton cloud. This is known as the CENtrifugal pressurgackage HeaSoft version HEADAS 6.16 and XSPEC
supported BOundary Layer or CENBOL. Thermal softversion 12.8 was employed for our analysis. We followed
photons from the Keplerian disk become hard via repeatethe methods mentioned Debnath et al(2013 2015H) for
inverse-Compton scattering in the region. Although thisdata reduction and analysis.

generalized accretion flow model was introduced more The RXTE PCA lightcurves in the energy range2of
than two decades ago, its recent implementation (after5 keV and2 — 25 keV are generated considering the event
generation of modefits file using ~ 10° theoretical mode data with a maximum time resolution t#5 us.
spectra produced by varying five model input parametersjhe power density spectra (PDSs) are generated using
as an additive table into HEASARC's spectral analysisXRONOS task ‘powspec’ on 0.01s binned lightcurves.
software package XSPEC allowed one to gain a clearéie utilized 1sec time binned background subtracted
picture about the flow dynamics of several BH sourcedightcurves of the Proportional Counter Unit 2 (PCU2) to
(Debnath et al. 20142015ha, 2017 Mondal et al. 2014  calculate average PCA count rate in 2—25keV for each
2016 Jana et al. 2016Jana et al. 202Q0&Chatterjee et al. observation.

2016 2019 Mollaetal. 2017. Masses of a few black In general, PCU2 data of ‘standard 2’ mode (FS4a*
hole candidates (BHCs) have been measured to i the energy rang8 — 25keV) and HEXTE science
better accuracy from normalization independent spectrahode data (FS52* in the energy range20f— 100 keV)
analysis with the TCAF modeMolla et al. 2016 2017  of Cluster O or A are utilized for spectral analysis. For
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some observations due to low signal to noise ratio (S/N)of XTE J1118+480 is also highly jet dominated, following
we consider HEXTE data only in th#) — 40keV band. the same method, we estimated the contribution of the jet
The background subtracted spectra were first fitted with X-ray flux to total flux for all observations.
single power law (PL) model, verifying that no significant Note: Since the main goal of this paper is not to
thermal disk blackbody (DBB) component was requiredmeasure the mass of the BH, we kept mass of the BH
After that, we refitted all the spectra using the TCAF so-frozen at7 M, while fitting energy spectra with the TCAF
lution based on an additive talfies file. A fixed hydrogen  model. This is the mean value of the TCAF model fitted
column densityNgy = 1.3 x 10** atomscm ™2 is input  mass values obtained from the spectral analysis of the 2000
for photoelectric absorption modglhabs (Garciaetal. outburst of XTE J1118+480 (see Paper-l).
200Q McClintock et al. 2001) A 0.5% systematic error
is considered during spectral analysis with the PL as wels ResuLTS
as the TCAF model.
We study accretion properties of XTE J1118+480 during

To fit a spectrum with the TCAF model, four flow jts 2005 outburst by analyzin@l RXTE PCA and
parameters are required. These parameters are: two typEXTE observations, selected from 2005 January 14
of acqretion rates: (i) Keplerian disk rat& ( in Eddi.ngton (MJD=53384.99) to January 25 (MJD=53395.59). Both
rate Mgaa), (i) sub-Keplerian halo rateri¢, in Mgaa)  temporal and spectral properties of the source are inves-
and two shock parameters: (iii) shock locatioXs(  tigated. Spectral study is done with the phenomenological
in Schwarzschild radius; = 2GMgn/c®) and (v)  (PL) and physical (TCAF) accretion flow models.
compression ratiof = p,./p—, wherep, andp_ are In Figure 1, one example of a PDS is depicted
the densities of post- and pre- shock regions respectivelygﬂOng with the TCAF fitted combined PCA plus HEXTE
In addition, if the mass of the BHMzu in Me) IS spectrum of the data with observation ID 90011-01-01—
known, one needs to provide the value of the mass angs |n Figure2, variation of PCU2 count rate (i —
keep it frozen. Otherwise, each fitted spectrum returnss yevy and spectral parameters fitted with two different
a value of the mass. One also gets a normalizatio»&,pes of models: PL (PL flux, PL photon indek)
(N) from each fitting. This normalization parameter is gng TCAF (Keplerian disk raten,, sub-Keplerian halo
a function of the mass of the BH\Wgn), the distance rate iy, shock locationX, and compression ratid)
(D) of the system and the inclination angl§ 6f the  are featured. Since we have been able to separate total
disk. So for a specific BH, this normalization value is gpserved X-ray into its two constituents: contributiomfro
expected to be a constant parameter, if measured witﬂ inflowing matter or accretion disk, and) outflowing
a given instrumentNlolla et al. 2016 2017, excluding  matter or jets; in Figur8(a)-(c) we show variation of total
the facts that the system is not precessing and there 'yé_ray flux (Fy), X-ray fluxes from accretion diskf,s)
no significant jet/outflow from the diskana et al(2019)  gng jets ELur). The variation of model normalizatiod\)
(hereafter JCD17) developed a method to estimate X-rayng observed radio flud) is also plotted in Figurg(d)-
contribution of jets/outflows from spectral analysis with (e). The radio flux £ in mJy) data of thel5GHz
the TCAF model. They compared the variation of theryle Telescope are displayed here and are adopted from
model normalization with the observed radio fluxes, Sinc%rocksopp et al(2010.
radio emission is known to be a tracer of jets/outflows.  The detailed spectral analysis results are presented in
If there is a significant X-ray contribution from jets, we taples1 and2. In Tablel, both PL and TCAF model fitted
may require a higher value of the normalization to fit aspectral parameters are presented. Different types of/X-ra
spectrum to take care of extra photon contributions frony,yes Ex, Fint, Fout), the percentage of the contribution
the base of the jets. While comparingwith the radio flux ¢ the jet X-ray to total X-ray and TCAF model fitted

(FR), if lower N is found whenF} is also atits minimum,  normalization parameter values are presented in Table
then it implies that during this low normalization time

Fherg is |nS|gn|f|c§1nt. or no X-ray contribution from the 5 ¢ Temporal Study

jets in the net emission spectrum. In other words, a large

amount of outflow results in higher values®t They also RXTE PCA started to monitor the source five days later
prescribed the procedure to calculate the amount of Xthan the report of the outburst on 2005 January 9 by
ray outflow flux (¢,,¢). Following their method in Paper-I, Zurita et al.(2005h. Since this is a Fast Rise Slow Decay
Chatterjee et al(2019 calculated jet X-ray fluxes during (FRSD) type outburst (sd@ebnath et al. 2090during the

the 2000 outburst of XTE J1118+480, where the minimunfirst PCA observation, the source already crossed its peak
value of NV is observed at.36. Since the current outburst flux (see Fig2(a)). It manifested a monotonic decrease in
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Fig.1 (a) A sample PDS 0§.01 s time binned PCU2 lightcurve and (b) TCAF model fitted corediRPCA plus HEXTE
spectrum in th& — 100 keV energy range for observation ID 90011-01-01-04 (MJCB&/380) are displayed.
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Fig. 2 Varlatlon of (a) PCU2 count rate (count in the2 — 25 keV energy range, PL model fitted (b) PL flux in units of

10~ ergem 2571, (c) PL photon indexI(), TCAF model fitted (d) disk ratei{q) in Mgaq, (€) halo rateruy) in Mead,
(f) shock Iocatlon Ks) in s and (g) compression ratid?) with day (in MJD) are plotted.

the PCU2 photon count rate in the- 25 keV energy band. report on the presence of a mHz QPO 8ahbaz et al.
Fourier transformed PDSs (see Fitfa)) are generated (2005 in the optical waveband on June 2003, which is the
for all observations using.01 s time binned — 15keV  quiescent phase between 2000 and 2005 outbursts.
lightcurves. We have not seen any prominent signature of

the low frequency QPOs, which are generally observablg - Spectral Study

during the outburst of this type of transient BHC. Contrary

to this, monotonic evolution (increasing frequency fromThe spectral analysis is done independently with the two
0.06t00.16 Hz) of the QPOs was observed during the 200Qypes of models:i) phenomenological PL model and
outburst of the source (see Paper-I). However, there is g8) physical TCAF model. While PL model fit gives us
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Table 1 PL or TCAF Model Fitted Spectral Parameters
Obs. ID uT MJD PL Ind PL flux x?/dof g oy, X R x?/dof
Date () (Mgqa) (Mgqa) (rs)

(1) (2) (3) 4) (%) (6) ) (8) 9 (10) (11)

X-01-00 14/01 53384.99 1.750%0-006 (. 768+0.002  455/47 | 0.041%0-0006 (9 30+0.011  406+26  3,61+0-17 89 4/68
X-01-07 15/01 53385.65 1.76010-008 (. 734£0.002 39 2/47| (.043%£0-0006 (5 29+0.014  381+£25 3 59+0.17 65 2/68
X-01-02 15/01 53385.84 1.774%0.007 (. 700+0-001  46.6/47 | 0.044%0-0007 (9 29+0.012  379+29 3 56+0.17 68 0/71
X-01-08 16/01  53386.35 1.749%10.009 (9 658+0.002 44 1/47 | 0.043%£0-0006 (5 37£0.013 389424 3 59+0.17 g9 5/71
X-01-09 17/01 53387.2(Q 1.778%+0.010 (9 599+0.001 4] 3/47 | 0.044%0-0008  (29+0.011 387425 3 50+0.17 62 .4/71
X-01-04 17/01 53387.8Q 1.777X0.007 (0 579£0.001 43 4/47 | 0.045£0-0009 (9 29+0.012  381+£23 3 50+0.17 68 7/68
X-01-05 18/01 53388.79 1.773+0.007 (9 536+0.001  69.7/47 | 0.044%0-0008 (g 29+0.014  378+24 3 50+0.17 97 .4/71
X-01-11  19/01 53389.13 1.813%10.027 (9 526+0.002 49 2/47 | 0.045E0-0009  ( 29+0.014 35726 3 49+0.17 44 9/40
X-01-12 19/01 53389.5d 1.780%+0-010 (9 521+0.001  36.7/47 | 0.044%0-0009 (9 29+0.013 355424 3 59+0.17 42 1/5]
X-01-13  20/01 53390.09 1.777%10.014 (. 492+0.002 54 2/47| (0.043%£0-0008 (5 29+0.011  339+26 3 55+0.17 62 4/5]
X-01-06 20/01 53390.49 1.780%0-011  (.479+0.001 39 0/47 | 0.046%0-0007 (9 29%0.012 334424 3 44+0.17 46 7/46
Y-02-00 21/01 53391.07 1.794%0.014 (9 423+0.002  43.9/47 | 0.044%0-0008 (g 2g+0.014  379+22 3 49+0.17  43.7/48
Y-02-02 21/01 53391.99 1.819%0-017  (.378+0.002 34 9/47 | 0.045%0-0007 (9 9g+0.013  995+22 3 35+0.17 36 6/46
Y-02-03 22/01 53392.0§ 1.814%0.016 (9 387£0.002 95 4/47 | 0.046E0-0009 (9 28+0.013  9g5+£22 3 49+0.17 27 9/46
Y-02-04 22/01 53392.67 1.830%0-020 (0 327£0.001 48 9/47 | 0.044%0-0006  ( 97+0.014  965+21 3 49+0.17 56 2/46
Y-02-06 23/01 53393.74 1.82610.009 (9 274%0.001 57 3/47| (0.043%£0-0009 (g 2g+0.011  971£23 3 96+0.17  127/71
Y-02-14  24/01 53394.15 1.841%0.020 (9 252+0.001 29 §/47 | 0.043%10-0009 (g 27+0.011  97g+24 3 31£0.17 34 /46
Y-02-15  24/01 53394.21 1.847%10.019  (245+0.001 38 5/47 | .045E0-0008 (g 26+0.010  9g5+22 3 39£0.17 44 0/46
Y-02-07 24/01 53394.68 1.841%0-016  (.990%+0.001  44.0/47 | 0.045F0-0009 (. 26+0.011  960+23 3 49+0.17 33 6/46
Y-02-09 25/01 53395.04 1.830%0-027  (.199+0.001 42 5/47 | 0.046%0-0008 (9 26+0.013 945420 3 43+0.17 47 9/46
Y-02-10  25/01 53395.59 1.865%0-019  (0.186+0-001  26.9/47 | 0.048%0-0007 (5 96+0.012 945420 3 40£0.17 26 .1/43

X=90011-01, Y=90111-01 are prefixes of observation IDs. @feds in dd/mm format of year 2005.
T represents the photon indices obtained from pure PL motiabfiPL flux indicates the flux from PL model it0~° ergcm =2 s~ 1.

mg, mp, Xs andR are the TCAF fitted parameters. The accretion rateg &ndrn;,) are in Eddington rate.
X is the shock location values in unitsof and R is the compression ratio. PL and TCAF model fitﬁeﬁéd values are mentioned ag/dof in Cols.

(6) and (11) respectively, where ‘dof’ represents the degji@f freedom. The superscripts are average error valuésedf ©0% confidence errors,
extracted using the ‘err’ task in XSPEC.

an overview about the spectral properties of the sourcét, we kept mass parameter frozen7ad/. as this was
during different phases of the outburst, TCAF model fittedthe estimated mass value obtained from spectral analysis
physical flow parameters allow us to get the accretion flowwith the TCAF model during the 2000 outburst of the

dynamics and evolution of the flow geometry.

values of the PL photon indiced'(~ 1.75 — 1.87)

source (Paper-l). Throughout the observation period, the

First, we fitted the background subtracted spectr&€plerian disk rate:fi;) was observed to be much less
solely with the PL model. No significant DBB contribution @ compared to the sub-Keplerian halo rate,. This
was noticed during the spectral fittings. Although low result is consistent with the non-requirement of the DBB

component while fitting spectra with the PL model. On

are observed during the outburst, in the late decliningh€ first observation (MJD=53384.99) day, the value of
phase, a slow increase Ihvalues (from1.81 to 1.87) is
observed (see Fig(c)). On the first observation (MJD=

53384.99) dayl' =

narrow range ok 1.75 — 1.81 for the next seven days
till MID=53392.05 before rising slowly in the next three (UP 100.48 Mpgqa) was observed. The sub-Keplerian halo
days to reach its maximum value ©87 on the last day
(MJD=53395.59) of our observation. The observation of)-26 Mraa during the entire period of the outburst. The
the lowT signifies a hard spectral state, which is similarvariations ofri; andriv, are plotted in Fig2(d)-(e). The

to what was seen during its earlier (2000) outburst of thig/ariations of the TCAF model fitted shock parameters
source Chaty et al. 2003Paper-1). PL flux exhibited a (location X, and compression ratid?) are shown in

similar nature of monotonic decrease in PCA count ratdigure 2(f)-(g). On the first observation day, a strong

during the entire phase of the outburst (see B{g) and

2(b))-

To obtain a physical picture of the accretion flow
dynamics of the source during its 2005 outburst, we

shock R

mq was 0.041 Mgqq. On the second observation day,
it increased slightly £ 0.044 Mgqq4), and subsequently
— 1.75 is observed, and it varied in a Pecame roughly constant at that value except during the
last few observations when a slow monotonic increase

rate (i) manifested a monotonic decrease frorml to

3.61) at a far location Xy, = 4067r)

was observed. As the day progresses, the shock becomes

refitted all spectra with the TCAF model basgt file

as an additive table model in XSPEC. During spectral

weaker and moves inward. On the last observation day, a
comparatlvely weaker shoclk(= 3.40) at X, = 245 is
observed.
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Table 2 X-ray Flux Contributions of Total, Accretion disk and Jets

Obs Id. MJD Fx Fing Fous % of Foyut Norm
@) @ (©) “ ®) (6) ()
X-01-00  53384.99| 0.767+0-009  (.308+0-007  (.459+0-011 | 59 gq+1.59 | 10.93+0.312
X-01-07  53385.65| 0.732+0:009  (9,345+0.007  ( 3g7£0.011 | 59 gg+l.63 | g 9g7+0.299
X-01-02  53385.84| 0.700+0-008  (.306+0-007  (,394+0.010 | 5628+1.56 | g gg1+0.301
X-01-08  53386.35| 0.656%0:009  (.334+0.007  ( 399+0.011 | 49 0g+1.80 | g 57940.309
X-01-09  53387.20| 0.598+0-009  (,302+0.007  (.296+0-011 | 49 49+1.98 | g g50+0-311
X-01-04  53387.80| 0.578%0-008  (.306+0:005  (.972%0.009 | 47054168 | g 9g7+0.312
X-01-05  53388.79| 0.535%0:008  30g+0-006  (297H+0.010 | g9 49+1.97 | 7 58740.325
X-01-11  53389.13| 0.535+0-007  (0,316+0-004  (9,219+0.008 | 40 g3+1.58 | 7 397+0.297
X-01-12  53389.58 | 0.519%0-007  (.315+0.005 (. 204+0.008 | 39 30+1.63 | 7 909+0.300
X-01-13  53390.09 | 0.490+0-006  (.301+0-006  ( 189+0.008 | 38 57+1.69 | 7 115+0.297
X-01-06  53390.49 | 0.478%0.006  (295+0.006 () 183£0.008 | 3gog+l.74 | 7 (7540.294
Y-02-00  53391.07 | 0.419%0.006  (263+0.006  ( 156+0.008 | 3793%1.98 | g 9go+0.297
Y-02-02  53391.99 | 0.377%0-006  (246+0.007 (. 131£0.009 | 3474%245 | 6 68630-289
Y-02-03  53392.05| 0.386+0-005  (.243+0.007  (,143+0.008 | 37 04+2.12 | §.940+0.292
Y-02-04  53392.67 | 0.326%0-005  (293+0.006 () 103£0.007 | 37 59%2.20 | g 39240.294
Y-02-06 ~ 53393.72| 0.273%0-005  .218+0.005 0 55£0-007 | 90 14%2.59 | 5 479+0.284
Y-02-14  53394.15| 0.251%F0-005 (. 196+0.006  ( 55+0.007 | 9191282 | 5 60g+0.286
Y-02-15  53394.21| 0.244%0.005 (. 190+0.005 (0, 054£0.007 | 92 13%£2.90 | 5 593+0.281
Y-02-07  53394.68| 0.218%0-005 (. 186+0.005 (0 (32+0.007 | 93 39%3.25 | 513340.280
Y-02-09  53395.06 | 0.198%0-004  177£0.005  ( 21£0.006 | 1060%303 | 4498%0.290
Y-02-10  53395.59 | 0.185%0:004  .183+0.004 20005 | 7g1+2:70 | 4.413%0.283

X =90011 — 01 andY = 90111 — 01 are prefixes of observation IDs. Totdl'{ ), accretion disk £3,,¢) and jet
(F,us) X-ray fluxes are in units of0—9 erg cm—2 s—! and they are calculated in tle— 25 keV PCA band;
TCAF model fitted normalization{) values with errors are listed in Col. (8);

The superscripts are average error values oftit89% confidence errors, extracted using the ‘err’ task in XSPE

3.3 Jet X-ray to match excess contribution of X-rays, emitted from the
base of the jet.

Radio emission observed in BHCs is considered to be

a tracer of jets and outflows. The strong radio emission Total X-ray. fluxes {7y) are obtained in our PCA
is reported during most of the outburst (degnes et al. spectral analysis band - 25keV), when all the TCAF

2008 Maitra et al. 2009 Brocksopp et al. 2030 During model input parameters (except the mass of the BH) are
pkept free. In the presence of jet or outflow is the

the 2000 outburst, similar strong radio emission was o ) - P o )
served (seéttp:/www.mrao.cam.ac.uk/ ~ guy/ combined contribution of the radiations from the accretion
disk and CENBOL, i.e. from inflowing matte#{,¢) and

J1118+480/J1118480.list ). It can be noted that e )
the radio flux () decreases as PCA rate decreases (sd&0™ the base ofthe jet, i.e., from outflowing mattér ;).

Fig. 3(e) and Fig.2(a)). So, it appears that the outburst Sigr?ificant X-ray contributioh f_rom the jet to the total X-
is totally dominated by the emission from jets/outﬂows.ray influences our spectral fitting with the TCAF model.

This motivated us to separate X-ray contribution fromSince the present vgrs_|on of the TCAF modgl fits _f'le
the jet/outflow ¢,.¢) from that of the accretion disk or only takes care of radiation contributed from the inflowing

inflowing matter ¢},¢) using the same method as describedmatter, higher values of normalization are required to fit
in JCD17 and Paper-I. the spectra to compensate the excess X-ray radiations

emitted from the jet. In the absence of a jet, an almost

According to TCAF, model normalization parameter constant value of model normalization is sufficient to fit the
is a function of the mass of the BR{gy), the inclination  spectra during the entire outburst (ddella et al. 2016
angle ¢) and the distance¥) of the system. So when there 2017 Chatterjee et al. 20)6 For the case of the 2005
is no prominent X-ray contribution from other physical outburst of XTE J1118+480, we looked into the obtained
processes (whose effects are not considered in the curreitvalues and found that on the last date (MJD=53395.59),
version of the TCAF model fits file), for example, jets or the model normalization was at its minimum valuetofl.
outflows or precession in the disK, should not vary from  This implies that in this observation, total X-ray flux was
one day to another if observed with a given instrumentcontributed only by the radiations from the accretion disk
But during the outburst, we see a monotonic decreadé in and CENBOL. So, we may say that on this observation
from 10.9 to 4.41 (see Fig.3(d)). Its variation is roughly date X-ray emission from jets was minimum or negligible.
similar to Fr (see Fig.3(e)). This allows us to conclude This was indeed observed via variation of the radio fluxes
that higherN values are possibly required to fit the spectra(see Fig.3(e)). So, after confirmation from loy at the
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Fig. 3 Variation of (a) total flux ¢'x), (b) inflow or disk flux Fi.¢), () outflow or jet flux Eoyu¢), (d) model normalization

(V) and (e) radio flux fR) are displayed with MJIDEy, Fi,; and Fy,¢ are obtained TCAF model fitted spectra in the

3 — 25keV PCA range in units of 0~% erg cm =2 s~! unit. F of the 15 GHz Ryle Telescope is presented in the unit of
mJy and adopted frofrocksopp et al(2010.

lowest N observed day, we may obtaifi,; during the of Table2). Maximum fractional jet X-ray contribution is
entire outburst by refitting spectra with the frozen modeffound to be~ 60%.
N value (at its lowest observed value, obtained when
all model flow parameters are kept free). Now we can, g MMARY AND DISCUSSIONS
separate the jet component of the X-ray fluxég,f) in
each observation by subtractitg,; from Fx (observed The 2005 outburst of XTE J1118+480 (epoch under
flux when all model flow parameters are kept free), i.e., consideration here) is shorter duration, less intense and
less studied compared to its earlier 2000 outburst. To
Fous = Fix — Fiyt . (1) understand the nature of the accretion flow dynamics of
the source during this outburst, we use RXTE PCA and
This method of separating jet contribution of X-ray from HEXTE combined data for our temporal and spectral
total observed X-ray was introduced in JCD17. analysis. We did not find any prominent signature of low
Although  during the 2005 outburst of frequency QPOs in the.01s binned Fourier transformed
XTE J1118+480, the minimumN value 4.41 was PDS, althoughShahbaz et al(2005 reported a QPO at
required to fit spectra, according to Paper-I, the lowést ~ 2mHz from the optical data in the quiescent state
value that was required to fit the 2000 outburst spectrgJune 2003), which is in between two outbursts of the
was4.37. Since the Paper-N value was lowest between source. The spectral analysis is done utilizing two types
two outbursts, to obtain X-ray contribution only from the of models: the phenomenological PL model and physical
disk and CENBOL, i.e., inflowing matter, we refitted all TCAF solution basedits file. A total of 21 observed data
2005 studied PCA spectra with the TCAF model afterof combined PCA and HEXTE spectra in the energy range
keeping model normalization frozen487. Finally, F,,s  of 3 — 100keV (except some observations where, due to
is calculated for each observation by taking the differencéow S/N,3 — 40 keV data are used) are chosen for spectral
of Fi,¢ and Fx as in Equation (1). The evolutions of fittings from 2005 January 14 (MJD=53384.99) to January
Fx, Fint, Four, N and Fy are depicted in Figur8. F, ¢ 25 (MJD=53395.59). Although triggering of the outburst
shows a similar variation a®’ and Fr. When we see was reported byurita et al.(20058 on 2005 January 9,
the percentage of jet X-ray contribution in total emitted RXTE started monitoring it five days later. So, we missed
X-ray, as an outburst progresses it decreases (see Col. @) important rapidly evolving rising phase of the outburst.
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The evolution of the average PCA rate in the-  that the outburst is suppressed with the decreade,jn
25keV band implies that on the first observation dayTherefore, similar to the 2000 outburst of XTE J118+480,
(MJD=53384.99), the source already passed its peathis so-called ‘failed outburst’ could be termed a jet atfiv
intensity (see, Fig2(a)). During the entire period of the dominated outburst.
outburst, the photon count was found to be monotonically
decreasing. While fitting spectra with the PL model, weAcknowledgements This work made use of PCA and
noticed the same behavior for the PL flux (see Rigp)). HEXTE data of NASA's RXTE satellite. Research of D. D.
We tried to fit the spectra with combined DBB plus PL and S. K. C. is supported in part by the Higher Education
models, but ‘ftest’ suggests that the DBB component idDept. of the Govt. of West Bengal, India. D. D. and S. K.
insignificant. This means that during the entire outburstC. also acknowledge partial support from ISRO sponsored
non-thermal PL photons are highly dominant over the lowRESPOND project (ISRO/RES/2/418/17-18) fund. D. C.
or insignificant thermal disk component. PL model fittedand D. D. acknowledge support from DST/SERB spon-
photon index ) values are obtained in a lower range sored Extra Mural Research project (EMR/2016/003918)
(~ 1.75 — 1.87), implying that during the entire phase of fund. A. J. and D. D. acknowledge support from
the outburst, the source was in the hard state. If we relooRST/GITA sponsored India-Taiwan collaborative project
at thel” values, we see an increasing trend in it (frol ~ (GITA/DST/TWN/P-76/2017) fund. A. J. acknowledges
to 1.87), i.e., rise in softness in the late declining phase ofCSIR SRF fellowship (09/904(0012)2K18 EMR-1) and
the outburst. There is no physical explanation for this post-doctoral fellowship of PRL, Ahmedabad, India. K. C.
from the PL model fitted spectral analysis. acknowledges support from DST/INSPIRE fellowship (IF

During the entire outburst, high dominance of the sub-170233)'

Keplerian halo raterfy;,) over the Keplerian disk ratei{,)
in the presence of a strong shodk ¢ 3) far away from

the BH (X, > 245r,) is observed. But if we look into 5o R pas, S., & Nandi, A. 2015, MNRAS, 453, 3414

the evolution of accretion rates, in the late declining ghas Bhattacharjee, A., Banerjee, I., Banerjee, A., Debnath,&D.
(specifically in the last observations) a slow riserity Chakrabarti, S. K. 2017, MNRAS, 466, 1372

is observed althoughh, is decreased. This explains the gyocksopp, C., Jonker, P. G., Maitra, D., et al. 2010, MNRAS,
gradual softening, i.e., increaselinin the late declining 404, 908

phase of the outburst. This feature is quite uncommon in achakrabarti, S., & Titarchuk, L. G. 1995, ApJ, 455, 623 (C)I95
outburst of a transient BHC. This was due to the vanishingchakrabarti, S. K. 1997, ApJ, 484, 313

of the jet effect. A similar late softening was also observedChakrabarti, S. K. 1999a, A&A, 351, 185

due to the slow rise imh; during the late declining phase Chakrabarti, S. K. 1999b, Indian Journal of Physics Sedipn
of the 2000 outburst (Paper-I). So, the source has been 73B, 931

consistently behaving in a non-conventional way even aftefhakrabarti, S. K., & Mandal, S. 2006, ApJL, 642, L49

a gap of five long years. This points to the fundamentalChatterjee, D., Debnath, D., Chakrabarti, S. K., Monda|.&5.

configuration of the binary and compactness of the system. Jana, A. 2016, ApJ, 827, 88
~adio believed 5 - Chatterjee, D., Debnath, D., Jana, A., & Chakrabarti, S.0K
adio flares are believed to be a tracer of jets Ap&SS, 364, 14 (Paper-I)

or outflows. Similar to the 2000 outburst, high radio Chatterjee, K., Debnath, D., Chatterjee, D., et al. 2020 RWS,
fluxes are also observed during the current outburst of 493, 2452

XTE J1118+480Fg exhibited similar declining variation Chattopadhyay, |., & Das, S. 2007, New Astron., 12, 454

as that of PCA rate, PL flux andx. Now, when we  chaty, s, Haswell, C. A., Smith, G. P., Smail, I., & Hynes|R.
looked at the TCAF model fittedV values, a similar 2000, IAU Circ., 7394, 3

nature of monotonically decreasing values (frafn9 to  chaty, S., Haswell, C. A., Malzac, J., et al. 2003, MNRAS, 346
4.41) is observed. This means that high€rvalues were 689

required to fit spectra when stronger jets were present. Weook, L., Patterson, J., Buczynski, D., & Fried, R. 2000,
estimatedF},; by refitting the spectra withV frozen at IAU Circ., 7397, 2

its minimum observed value<(4.37) during its 2000 and  Das, T. K., & Chakrabarti, S. K. 1999, Classical and Quantum
2005 outbursts (when spectral fits are done with all TCAF  Gravity, 16, 3879

model parameters as free). We estimate the X-ray fluxDebnath, D., Chakrabarti, S. K., & Nandi, A. 2010, A&A, 520,
contribution from jets f,.¢) and find that the fractional A98

jet X-ray contribution ¢oy¢/Fx) is maximum~ 60%. Debnath, D., Chakrabarti, S. K., & Nandi, A. 2013, Advanaes i
Evolution of F, ¢ looks similar to Fr. It can be noted Space Research, 52, 2143
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