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Abstract We present the results obtained from detailed timing anatsgestudies of a black hole
candidate MAXI J1813-095 usirgift, NICER, andNuSTAR observations during its 2018 outburst. The
timing behavior of the source is mainly studied by examinMi@ER light curves in thed.5 — 10 keV
range. We did not find any signature of quasi-periodic catailhs in the power density spectra of the
source. We carry out spectral analysis with a combined detkbody & power law model, and physical
two-component advective flow (TCAF) model. From the comdidesk bl ackbody & power - | aw
model, we extracted thermal and non-thermal fluxes, photdex and inner disk temperature. We also
find evidence for weak reflection in the spectra. We haveddsie physical TCAF model on a broadband
spectrum fromNUSTAR and Swift/XRT. The parameters like mass accretion rates, the sizeoafpion
clouds and the shock strength are extracted. Our resulinafinat the source remained in the hard state
during the entire outburst which indicates a ‘failed’ outiuWe estimate the mass of the black hole as
7.4+ 1.5 M from the spectral study with the TCAF model. We apply &R model for the Fe i line
emission. From this, the spin parameter of the black holedsrained as* > 0.76. The inclination angle

of the system is estimated to be in the rang@&¥f — 45° from the reflection model. We find the source
distance to be- 6 kpc.

Key words: X-Rays: binaries — stars individual: (MAXI J1813-095) —rstablack holes — accretion,
accretion disks — shock waves — radiation: dynamics

1 INTRODUCTION In case of Type 1 outbursts, BHXRBs display all the
usual spectral states, viz., hard, hard-intermediate; sof
intermediate and soft states due to which these outbursts

Transient black hole (BH) X-ray binaries (BHXRBS) led full | b on the other hand
occasionally manifest outbursts that last from weeks tof"”e called full or complete out ur_StS‘ n the other hand,
n case of Type 2 outbursts, which are also known as

months. During such an outburst, the X-ray intensity of the ,
source rises thousands of times as compared to thatdurir%”ed_ outburs.ts, only harder spectral states (hard and
the quiescent state. An outburst is believed to be triggere ard-intermediate) are o,bservefbea Santoetal. 2016
when the viscosity is suddenly enhanced at the p"eUF')I'etarenko etal. 20163arcia et al. 2019

radius Chakrabarti 19901996 Chakrabarti et al. 2019 In general, the spectrum of a BHXRB can be modeled
Bhowmick et al. 202D A transient BHXRB is known to with a power law (PL) continuum model along with a
exhibit characteristic evolution in the spectral and tighin thermal multicolor disk blackbody (DBB) component. In
properties during these outbursts that are broadly cledsifi addition, an Fe K emission line around- 6.4 keV is

as Type 1 and Type 2 outburstBdbnath etal. 2007 observed Remillard & McClintock 2008. It is believed
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that the DBB component originates from a standarlBHXRB (Russell et al. 2018 From the multi-wavelength
geometrically thin accretion diskSpakura & Sunyaev observationsArmas Padilla et al.(2019 suggested that
1973 whereas the PL component arises from a Comptotthe companion star could be a G5V star with a distance
cloud that consists of hot electrorSunyaev & Titarchuk of > 3 kpc.

1980. The soft photons from the standard accretion In this paper, we studied MAXI J1813-095 in broad
disk are inverse Comptonized at the Compton cloutnergy bands by relying orBwift/XRT, NICER and

and produce a hard power-law tail. Several theoreticaNuSTAR observations performed during the outburst. The
models have been developed in the literature to explaipaper is organized in the following way. In Secti@n

the nature of the Compton clouddziarskietal. 1993 we describe the observations and process of data analysis.
Haardt & Maraschi 199Fsin et al. 199). In Section3, we present the timing and spectral analysis

The Two-Component Advective Flow (TCAF) model results. In Sectiod, we discuss our findings and finally, in

is a generalized accretion flow solution where the transoni§ecnon5' we summarize our results.

flow includes rotation, viscosity and radiative transfer. |

can explain the observed spectral and timing propertied OBSERVATION AND DATA REDUCTION
of BHXRBs self-consistently Ghakrabarti & Titarchuk
1995 Chakrabarti 1997 In this model, the accretion

flow has two components: a highly viscous Keplerianthe transient BHC MAXI J1813-095 was observed with
disk with high angular momentum, and a low viscousn,sTAR at three epochs during the declining phase of
sub-Keplerian halo which has low angular momentum,. 2018 outburst (see Tahld. NUSTAR (Harrison et al.
The Keplerian disk is submerged within th? sub-KepIenaréma is the first hard X-ray focusing observatory launched
flow and moves slowly in the equatorial plane. Thep, NaSA. It consists of two identical focusing modules:
sub-Keplerian flow forms an axisymmetric shock at thegppia and FPMB. These modules are sensitive to X-ray
centrifugal boundary. The post-shock region consists Obhotons in the range of — 79 keV. We reprocessed data
hot electrons and is known as CENBOL or CENtrifugals o the NUSTAR observations with the help AMUSTAR
pressure supported BOundary Lay@h@krabarti 1996 55 analysis softwaren(@st ar das, version 1.4.1).

The CENBOL acts as a Compton cloud. The soft photong;|eaned event files were produced and calibrated applying
originate from the Keplerian disk and contribute to thegi,qard filtering criteria with theupi pel i ne task by
multicolor blackbody component. A fraction of the Soft ;g the |atest calibration filesWe chose circular regions
photons are intercepted by the CENBOL, and get inverseg;i ragii 120 arcsec centered at the source coordinates for
Comptonized and become hard photons that form thg,e oyrce and away from the source for the background
hard power-law tail. A fraction of the hard photons is products. Thenupr oduct task was employed to extract

reprocessed at the Keplerian disk and a ‘reflection humpgq,,rce and background spectra. We re-binned the source
is observed at higher energy. In the TCAF parad'gmspectrato 20 counts per bin with tge ppha? task.
guasi-periodic oscillations (QPOs) which are observed in

power density spectra (PDSs) are produced by oscillatiogmft

of the CENBOL Moltenietal. 199% The CENBOL

is also the launch site of the jet. In recent years, theSwift observed MAXI J1813-095 at two epochs simul-
TCAF model has been utilized successfully to study thaaneously with twoNUSTAR observations. In totalQwift
spectral and timing properties of several BHs and activebserved MAXI J1813-095 twelve times between 2018
galactic nucleiKlondal et al. 2016Chatterjee et al. 2016 February 20 and 2018 March 25. All the observations were
Shang etal. 2019 Nandietal. 2019 Chatterjee etal. carried out with theSwift/XRT in the energy range of
202Q Banerjee et al. 2090 0.5—10 keV. SWift/XRT observations of MAXI J1813-095

Black hole candidate (BHC) MAXI J1813-095 was were carried out in windowed-timing (WT) mode except

discovered on 2018 February I0ewase et al. 2078vith the first observation which was in p_hoton.-counting (PC)
MAXI/GSC. Follow up observations with tH@wift/XRT mode. We extracted cleaned event files with FT€©COLS
localized the source at RA = 183™ 34.0, Dec = -09 L https://heasarc. gsfc. nasa. gov/ docs/ nust ar/

31 59”.0 (Kennea et al. 2018 The GROND observation anal ysi s/

of the above location detected the optical counterpart o;uzth;rt/aiééheasam gsfc. nasa. gov/ FTP/ cal db/ dat a/

the source Rau 2018 The ATCA observation revealed

) - ) ) 3 https://heasarc. gsfc.nasa. gov/ftool s/cal db/
a compact jet and classified the source as a radio-qui@tl p/ gr ppha. t xt

NuSTAR
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H.(,,z';; :m LT T T mwwevsames ] Table 1 Log of NICER, NUSTAR and Swift Observations
ST e, ' R ] ofthe Transient BHC MAXI J1813-095
O 0.0+~ e ‘++¢¢¢¢¢¢‘¢++ *++ ++++¢++ +* ++ +++? —
S A A A S P ID Date of Obs. Obs. ID Exp
[ T T T T T T T T T i T .
w F b . NICER o 0510 ke ] (yyyy-mm-dd) (ks)
e A NICER
| . e X1 2018-02-21 1200090101 0.6
bt I S E X2 2018-02-22 1200090102 0.4
o T v, SWRT - s s0sToked X3 2018-02-23 1200090103 2.4
3 8 F Tea l - . L] X4 2018-02-26 1200090104 1.1
ket : . 3 X5 2018-02-27 1200090105 13
L | | . | . | . | 7
a T T T t T t T " T ] NuSTAR
Y L . s N1 2018-02-28 80402303002 23.2
T L . . . 3 N2 2018-03-06 80402303004 205
R T N3 2018-03-25 80402303006 20.4
58170 58180 58190 58200 58210 58220 :
SWIft/XRT
Day (MJD
ay (MJD) s1 2018-03-06 00088654002 1.8
Fig.1 The top panel features thé — 50 keV Swift/BAT S2 2018-03-25 00088654004 19

light curve of MAXI J1813-095 from 2018 February 16
(MJD 58165) to 2018 April 17 (MJD 58225). The arrows
represent the epochs of tiduSTAR observation of the these observations with observation ids 1200090101—

(3)05”0‘196 II? 3“8 ;ecgnkd \[:;an%I,Q abfgrkpti\c/)n corrected flux i1200090105 is about 5.5ks. For analysis, the data were
5 — eV, 0.5 — 2 keV and2 — eV energy ranges, . : 16 Ll

obtained fromNICER observations, are shown. The third first reprocessed with thent cerl_2 _scn_pt in the .
panel displays the variation 6f5— 10 keV,0.5—2keVand ~ Presence of the latest updated calibration files of version

2—10 keV Swift/XRT unabsorbed flux during the outburst. 20200722, Standard GTI was also generated using the
The fluxes are plotted in the unit of & erg cnt? s™!.  ‘nj maket i me’ task. The cleaned events obtained after
In the bottom panel, the HR, i.e., ratio between fluxes inpe reprocessing were then utilized for extracting the
2 —10keV and0.5 — 2 keV ranges, obtained from NICER light P dg ; in thETOOLS XSELEC?’
and XRT data, are shown. Ight curve and spectrum in ] _

environment. For spectral analysis, ancillary response
task xr t pi pel i ne%. We chose a circular region with file and response matrix file of version 20200722 are

radius 30 arcsec for source and background products. Ligig@nsidered in our analysis. The background corresponding

curves, source and background spectra were extracted ) €ach observation id is simulated by employing the
utilizing XSELECT v2.45. ni backgen3C507 tool (Remillard et al, in prep.).

NICER 3 RESULT

MAXI J1813-095 was also observed withICER at ~ 3-1 Timing Analysis
several epochs during the 2018 X-ray outbUSCERis g1~ MAXI J1813-095 was first detected on 2018

an X-ray timing instrument (XTI,Gen@reau etal. 20)2 . February 19 while undergoing the recent X-ray outburst.
that was attached to the International Space Sta'['Oﬁlhe outburst lasted for about 50 d. The evolution of the
!n June 2017. It is sensitive to soft X-rz_;ly phOtonsoutburst is shown in Figuré using data fronBwift/BAT

in the 0.2 — 12 keV range. The XTI consists of 56 monitoring, NICER and Swift/XRT observations. In the

X-ray concentrating optics, each attached to a silico%p panel of Figurel, we show the outburst profile of
drift detector Prigozhin etal. 2012 There are only 52 the source with theSwift/BAT monitoring light curve in

detector units that are active, providing a total effectivethe 15 — 50 keV energy range. It can be seen that the

area of 1900 cr?lat 1.5keV. Unprecedented timing and outburst peaked on 2018 February 22 (MJD 58171) with
spectral sensitivities of~ 100 ns (root mean square, intensity ~95 mCrab in thel5 — 50 keV range. The

rms) and~ 85.9\/ at1 keV can also be achieved k?y outburst was followed witiNICER from 2018 February
NICER, respectively. For the study of outburst evolution 21 (MJD 58170.86), when the source was at its peak
of MAXI J1813-095, we relied on publicly available with a source count rate af57 + 0.5 count s in the

data from NICER monitoring between _2018 February o5 10 kev energy range. The second panel of the figure
21 and February 27. The total effective exposure of

6 https://heasarc. gsfc. nasa. gov/ docs/ ni cer/
4 https://ww. sw ft.ac.uk/anal ysis/xrt/ anal ysi s_t hreads/ni cerl 2/
5 https://ww.swift.ac.uk/anal ysis/xrt/xsel ect. 7 https://heasarc. gsfc. nasa. gov/ docs/ ni cer/
php t ool s/ ni cer_bkg_est_tool s. htm


https://www.swift.ac.uk/analysis/xrt/
https://www.swift.ac.uk/analysis/xrt/xselect.php
https://www.swift.ac.uk/analysis/xrt/xselect.php
https://heasarc.gsfc.nasa.gov/docs/nicer/analysis_threads/nicerl2/
https://heasarc.gsfc.nasa.gov/docs/nicer/analysis_threads/nicerl2/
https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer_bkg_est_tools.html
https://heasarc.gsfc.nasa.gov/docs/nicer/tools/nicer_bkg_est_tools.html
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Table 2 Spectral Fitting Parameters Obtained from fHEER Observations

ID T DBB r Flux x2/dof
(keV) Norm.

X1 0.57+0.06 43.8-2.1 1.53+0.05 8.96:0.12 552/580

X2 0.56+0.05 56.1-2.4 1.52+0.06 8.68:0.11 569/537

X3 0.54+0.03 40.5-2.0 1.54+0.03 8.54+0.15 797/750

X4 0.584+0.09 16.1#1.2 1.55£0.04 8.22:0.19 592/628

X5 0.61+0.05 18.8:1.2 1.52:0.04 8.12:0.15 672/665

Ny was fixed at 1.1x 10~22 cm~2. Errors are quoted with 90% confidence;
Flux is in the unit ofl0~1° erg cnT2 s~ and estimated in the.5 — 10 keV energy range.

e = o S I e

displays the light curve of the source in thes — 10, ' ]
0.5 — 2 keV and2 — 10 keV energy ranges, obtained .~ o + ]

)

from NICER observations. The third panel of the figure ‘v; i a MJD 58170.86 ]
rd

represents absorption corrected source fluxin- 2 keV, 9; Y ]

2 — 10 keV and 0.5 — 10 keV ranges, estimated from ol ¥/;.<,— MJD 58176.59 1

Swift/XRT data. From Figurd (second panel), it can be

seen that th&llCER observations started when the source

was brightest (on 2018 February 21, MJD 58170.86).

However, theSwift/XRT flux, as featured in the third panel,

was maximum on 2018 February 23 (MJD 58172.93).

It should be noted that the data presented in the secon o

and third panels are in the&.5 — 10 keV range. The ! 2

difference in the outburst peaking times MCER and HR (2-10 keV/0.5-2 keV)

SWift/’XRT data was due to the fact that the source wasig.2 HID is displayed for0.5 — 10 keV Swift/’XRT

not observed with th&nift’XRT between MJID 58170.69 2nNdNICER observations. Red and blue points represent
ft andNICER observations, respectively. Hardness ratio

and MJD 58172.93 (between 2018 February 21 and 201, defined as the ratio betweeh— 10 keV flux and

February 23). The actual peak of the outburst might havg 5 — 2 keV flux. The0.5 — 10 keV flux is in the unit

been missed in th8wift/XRT observation. In the bottom of 10~%erg cnm? s~ 1.

panel of Figurel, the hardness ratio (HR) (ratio between

fluxes in2 — 10 keV and0.5 — 2 keV ranges) of the goyrce remained in the hard spectral state during the entire

source during the outburst is plotted by using NICER andythurst in 2018.

Swift/XRT data. It can be seen from the figure that the We analyzed the 0.01 s light curves in thes —

source intensity gradually decreased from 2018 Februa% keV range obtained frorilCER observations. White-

21 as the outburst entered its declining phase. A brief rAoise subtracted PDSs were generated by applying the

brightening was observed on 2018 March 25. Soon aftefagt Fourier transformation (FFT) technique on the light
that, the source entered its quiescent state. To inveestigag(lsurveS with theFTOOLS task powspec nor me- 2 for

the spectral evolution of the source during the outburstyitarant intervals such as 2048, 4096 and 8192. In
we plotted the hardness-intensity diagram (HID) (sourcq;igure& we display the PDSs generated from the 0.01 s
flux vs. HR), obtained from th&mXRT andNICER  jight curves from theNICER observations on (a) 2018
observations in the.5 — 10 keV energy range and depicted February 21 (Obs ID: 1200090101), (b) 2018 February
in Figure 2. The rising (increasing flux) and declining 54 (Obs ID: 1200090103) and (c) 2018 February 27
(decreasing flux) phase of the outburst can be traced i&200090105)_ The 0.01 s binning time allowed us to
the HID (Fig. 2) through theSwift/XRT data points. It (.o for presence/absence of QPOs up to 50 Hz in
can be seen that the data points in the HID appear 10 lig,, pps. However, we did not find any signature of the
in the branch corresponding to the hard state of the “Qpesence of QPO in the PDS of any of the observations. All
diagram” of BH sources{oman & Belloni 2003. The X- o ppss exhibited weak red-noise with flat top noise up to
ray intensity varied during the outburst, though the HR y 1y, A strong rms is observed in all the PDSs with rms
remained approximately the same, indicating no change i9ge,_309 in the 0.1-50 Hz band. We also investigated the
spectral states. Considering the evolutior0df — 2 keV presence of QPOs in the PDS obtained from3ngt/XRT

and 2 — 10 keV SWiftXRT light curves and the HR |jght cyrves, and obtained similar results. We attempted
plot (Fig. 1) and the HID (Fig.2), it is clear that the y, qeqrch for the signature of high frequency QPOs by

MJD 58202.84— ¢
S

0.5-10 keV Flux (160 ergs c
~

MJD 58169.69—> ¢
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generating PDSs from light curves with 0.004 s time bin1200090102). Theower | aw + di skbb model fitted
from NICER observations. However, as in the case ofspectral parameters are listed in TaBle

searching for low frequency QPOs, there was no signature

of the presence of any high frequency QPOs in the PDS8.2.3 Swift + NUSTAR

up to 1250 Hz.
NuSTAR observed MAXI J1813-095 three times during

the 2018 X-ray outburst. Among those, two observations
were made simultaneously with th&wift/XRT. We

We study the BHC MAXI J1813-095 during its 2018 attempted to carry out simultaneous spectral fitting of
outburst using data fro®wift/XRT, NICER andNuSTAR ~ SWift/XRT andNuSTAR data with an absorbed power law
observations in the energy rangelof — 78 keV. We carry model. However, fitting the broadband spectra with the
out spectral analysis with HEASARC's spectral analysisabsorbed power law model did not provide us satisfactory
software packageXSPEC v12.1¢ (Armaud 199, For fitting with x* = 1470 for 1122 degrees of freedom
interstellar absorption, we relied on thBabs modelwith ~ (dof) for the NUSTAR observation on 2018 February

3.2 Spectral Analysis

Wilms abundance&\ilms et al. 200). 28 (N1 in Table 1). Signatures of a disk and Fex K
emission line were seen in the residuals. Adding a
321 Swift di skbb component to the model improves the fit with

x? = 1328 for 1120 dof. We further added a Gaussian

MAXI J1813-095 was observed with tiSaift observatory function for the Fe kK line, which significantly improved
at twelve epochs during the 2018 X-ray outburst. Thethe fit with x* = 1155 for 1117 dof. The other two
source and background spectra, effective area and resporfddSTAR observations (N2 and N3 in Tabl&) when
files were generated as described in the previous sectiofitted along with simultaneouSwift/’XRT data (S1 and
and incorporated in the spectral fitting. Thé — 10 kev ~ S2 in Tablel), also showed similar results. Therefore,
XRT spectra were fitted well with an absorbed power lanthe TBabs* (di skbb+power | aw+Gaussi an) model
model. We fixed the hydrogen column densityy) at fits well the broadband spectra of MAXI J1813-095
1.1 x 1022 cm~2 (Armas Padilla et al. 2099The power-  from NUSTAR and Swift/’XRT observations. The power-
law photon index ) was found to vary between 1.54 law photon index) was found to be 1.56, 1.57 and 1.62

and 1.68 during the outburst period. We also calculatedor N1, N2+S1 and N3+S2, respectively. The inner disk
the unabsorbed flux in th&®5 — 2 keV and 2 —  temperatured,) varied between 0.61 keV and 0.57 keV.

10 keV energy bands utilizing thecf | ux’ command It was found that during all threBUSTAR observations,
in XSPEC. In Figure 4(a) (left panel), we feature a the power-law flux dominated over the thermal flux. The
representative.5— 10 keV Swift/XRT spectrum fitted with ~ fraction of thermal flux was less than10% of total flux
apower | awmodel, observed on 2018 February 25 (Obsin the 0.5 — 78 keV range, obtained from simultaneous

ID : 00010563004). fitting SWift/XRT and NuSTAR data, and less than 1% of
total flux in the3 — 78 keV energy range obtained from
322 NICER fitting NUSTAR data (N1). The best-fit model parameters

are expressed in Tab&

NICER observed MAXI J1813-095 five times during the =~ We often observed a reflection hump at arosntls —
2018 outburst. Thé.5 — 10.0 keV spectra were fitted 30 keV in the hard state spectr&¢orge & Fabian 1991
with the absorbed power lavp¢wer | aw) model along Matt et al. 199). Often, the presence of reflection makes
with the disk-blackbodydi skbb) component. Spectra the spectra harder. Unusually, hard spectra are observed
from all the observations were fitted well with this model.in MAXI J1813-095 with low photon index. In order to
The inner disk temperaturd’(,) varied betweer).54 —  probe the spectral nature and reflection continuum further,
0.61 keV along with an approximately constant power-lawwe explore the ‘reflection’ with convolution model for
photon index ') (~ 1.52 — 1.55). No signature of the Fe reflectionr ef | ect (Magdziarz & Zdziarski 1996 This
Ka line was observed in thBlICER data. We display a model describes the reflection from relatively cold neutral
representative.5—10 keV NICER spectrum in Figurd(b) ~ material. We fixed heavy element abundances and iron
(middle panel), observed on 2019 February 22 (Obs IDabundances at the solar value (i.e. 1). We allowed the
relative reflection R,.q), photon index 1) and inclination

8 https://heasarc. gsfc. nasa. gov/ docs/ xanadu/ angle of the system (as cos incl) to vary. All three

xspec/ observations yielded a marginally improved fit compared
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on 2018 February 22 (Obs ID: 1200090102) in the — 10 keV range (iddle panel) and (c)Swift/XRT andNuSTAR
simultaneous observations on 2018 MarchSift Obs ID: 00088654002NuSTAR Obs ID: 80402303004) in the
0.5 — 78 keV range fight panel) are displayed. Th&.5 — 10 keV Swift/XRT (left panel), 0.5 — 10 keV NICER
(middle panel) and 0.5 — 78 keV Swift/XRT+NuUSTAR (right panel) spectra were fitted with théBabs* power | aw,
TBabs=* (di skbb+power | aw) andTBabs( di skbb+power | aw+Gaussi an) models, respectively. The residuals

obtained from the spectral fitting are depicted in the botpamels.
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residuals are displayed for the fiNtiISTAR (N1) andNuSTAR+SWwift/XRT (N2+S1 and N3+S2) observations, respectively.

to thepower | awmodel fitting. The photon indek was  Along with the TCAF, we utilized thé AOR model (aor
constant at around 1.65. Tlig.q was 0.15, 0.22 and 0.25 1991 to incorporate the iron & emission line. The TCAF
for N1, N2+S1, and N3+S2, respectively. The @agl) model has five input parameters: the mass of the BH
varied between 0.71 and 0.88, which transformed théMgy) in solar mass i/ ), the Keplerian disk accretion
inclination angle betweef8° and 45°. The inner disk rate (hq) in Eddington rate {/zqq), the sub-Keplerian
temperatureT},) was observed to be 0.56, 0.48 and 0.40halo accretion rateri;) in Eddington rate /zqq), the
keV for N1, N2+S1 and N3+S2, respectively. shock location or the size of the Compton clouis)
Next, we used physical model TCAF as a localiN Schwarzschild radiusr() and the shock compression

additive model inXSPEC (Debnath etal. 20142015. ratio (R, ratio between post-shock matter density and
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Table 3 Best-fit spectral parameters obtained frloSTAR and Swift/XRT observations

Model Parameter NuSTAR NUSTAR+ Swift/XRT
Comp. N1 N2+S1 N3+S2
diskbb Tiy (keV) 0.621957 0.617005 0.571552
norm 9261353 103.67135 121.07155
Powerlaw r 1.5615:6 1.5710:03 1.627054
norm 0.1570-03 0.1175-02 0.1070-01
Gaussian LE (keV) 6.2070-25 6.4770-2" 6.2370-29
o (keV) 0.7710-08 0.9775-29 0.8670-05
norm* 9.471039 3.771055 7.217033
x2/dof 1155/1117 1610/1555 1699/1558
diskbb Tiy (keV) 0.5670:08 0.4810:04 0.4070:00
norm 66.573% 138.773-5 145.6752
Powerlaw r 1.64705¢ 1.6615:03 1.65705%
norm 0.1270-01 0.1375-02 0.1370-02
Reflect Rye 0.1510 52 0.22700% 0.25%0 52
cos(incl) 0.8810 52 0.71%0 02 0.8510 52
Gaussian LE (keV) 6.2010 55 6.5610 57 6.33170-03°
o (keV) 0.7870-29 0977513 0.8170-12
norm* 2.51%022 2.0675:35 1.2870-29
x2/dof 1126/1115 1555/1553 1589/1556
TCAF Mgu (M) 7.38%%% 7.44f(})1§;1§ 7.40%;%%
g (Mgda) 0.072 001 0.05%0 01 0.06X0,
1 (Migaa) 0.5470 63 0.5170 62 0.527065
X (rs) 939, 111710 11379,
R 2.80%01¢ 2.82%015 2794018
Nicat Le2 L6570 0 LT
LAOR LE (keV) 6.4510-22 6.5970:50 6.4370-50
index 1.75}%;%% 1.89$§1§? 1.8758);;51;'
Riy (rg) 2.647008 2.59%0 08 2.58%0 03
Rout (rg) 68.173-1 60.272-2 75.6722
Oinc (deg) 35.0815 22 36.2675 o 31.8875 5>
n(Q);(rjrf‘f 5.33%8;;{; 8.02f§j§ 7.07t8;/3§
x2/do 1129/1110 1583/1555 1595/1556
+0.15 +0.09 +0.12
F& 100 0.1 — 100 keV 2.4470-1° 1.867099 1941072
re 0.5 — 78 keV — 5.4% 10%
3 — 78 keV 0.8% 0.7% 0.9%

*:in the unit of 10~% ph cnT2 s—1; @: in the unit of 10~8 erg s~' cm—2; ® Thermal fraction, defined as
Fy/(Fq + Fpy). All errors are quoted at the 90% confidence level.

pre-shock matter density). Along with these, we obtainKeplerian flow indicates the hard spectral state of the
normalization (V), which is a function of mass of the source during the observation period. We also observed
BH, the distance of the source and inclination angle othat the shock moved outward from 93 to 113 r,.

the system. As these three parameters are intrinsic to thehus, the size of the Compton cloud increased as the
system, the normalization parametdr should remain outburst progressed. The shock was strong during all
unchanged during the outburstafa et al. 201720209.  three observations with the shock compression ratie

The TCAF+LAOR model gave us a good fit for all three 2.80. During all three observations, the normalization was
observations. The TCAF model fitted spectra are shown inoughly constant withV ~ 1.65. The TCAF model fitted
Figure5. We display the Fe K line intensity in Figures. results are provided in TabR We used thé. AOR model

While fitting the data with the TCAF model, we along with the TCAF for a relativistic broad iron line. The

kept mass of the BH as a free parameter. We obtaine%roaOI Fe Kvline is depicted in Figuré.

Mpy as 7.38, 7.44 and 7.40/, from N1, N2+S1 and 4 DISCUSSION

N3+S2, respectively. The Keplerian disk mass accretion

rate rnq varied between 0.0Mpgqq and 0.05 Mpgq. We studied MAXI J1813-095 during its 2018 outburst
The sub-Keplerian halo accretion ratg, varied between using data fromSwift/XRT, NICER and NuSTAR obser-
0.54 Mgqq and 0.52Mgqq. The dominance of the sub- vatories in the energy range 0f5 — 78 keV. Swift/XRT
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Fig. 6 The Fe Ky line intensity is shown for threlduSTAR . . . .
ofservations y Fig. 7 The variation ofAy? is demonstrated with the mass

of the BH (Mgg) for threeNUuSTAR observations.

observed the source twelve times during the outburst. The )
0.5 — 10 keV SWift’XRT data were fitted with an absorbed O unabsort_)ed qu_x n _the'l — 100 keV energy bgnd.
power law model. The disk component was not requiredrhe bolometric luminosity of the source was estimated
' _ 37 2 1
while fitting the spectra with the absorbed power law!® P& L = 7.9 —10.5 x 10°* (d/6)"erg s™. Thus,
model. We also did not find any evidence of the Fe K L/LEdd ~ 0.06 — 0.07, for a B.H with mass 7.4/c.
line in the0.5 — 10 keV Swift/XRT data.NICER observed Since the observed mass accretion rate (86 Mpq, the
MAXI J1813-095 at five epochs during the outburst,accretion efficiency is very low during the 2018 outburst.
In contrast to the).5 — 10 keV Swift/XRT spectra, the During the entire outburst, the hard X-ray photons
0.5 — 10 keV NICER spectra required a disk component (2 — 10 keV range) dominate over the soft X-ray photons
along with the power law continuum. Superior spectralin the 0.5 — 2 keV range (see Figl). High HR was
resolution ofNICER over Swift/XRT enabled detection of @IS0 observed during the outburst. We estimated thermal

an additional spectral component, whiBhift/’XRT could  flux (Fa) and non-thermal flux{pL) from thedi skbb
not detect. andpower | awmodel components, respectively, from the

Interestingly, when we examined the — 78 keV combinedSwift/XRT and NuSTAR simultaneous spectral
NUSTAR (N1) spectra or the 0.5 — 78 keV fitting in the0.5 — 78 keV range. We find that the fraction

SWift’XRT+NUSTAR (N2+S1 and N3+S2) spectra, a of thermal flux with respect to non-thermal flu,{ =
disk component, an Fe K emission line and reflection /L) is less than 10% in the.5 — 78 keV range and
components were required along with the power law/€SS than 1% in the — 78 keV energy range. The spectral
continuum. This suggests that thé — 10 keV Swift/XRT analysis results (loW', high sub-Keplerian flow rate over
or NICER spectra did not provide complete information the Keplerian flow rate, strong shock, etc.) indicate that
on the source spectra. Moreover, the exposure time ¢f€ Source was in the hard state during ieSTAR
eachNUSTAR observation is long (on average 20 ks), observations. Thus, together with the spectral properties

while the NICER and SMfUXRT observations have short the evolution 0.5 — 2 keV and2 — 10 keV fluxes, high
exposure times~ 1 — 2 ks, see Tabld). Thus, the long HR and HID, we infer that the source remained in the

exposure oNUSTAR and its broadband coverage helpedhard state during the entire outburst. Strong variabdlitie
to detect additional spectral features in the source. Eh> 20% — 30% rms) observed in the PDSs also support
is.
4.1 Outburst Profile The 2018 outburst of MAXI J1813-095 can be
considered as a ‘failed’ outburst as the source failed to
The 2018 outburst of MAXI J1813—-095 continued for make the state transition to softer spectral states. The
50 d. The peak luminosity of the source was observed ombserved HID of the source is similar to the HID of
2018 February 23, with, . = 4.25x10%6(d/6)?> ergst  other sources during respective ‘failed’ outbursts, where
in the 0.5 — 10 keV energy band. However, one needsthe HRs do not change despite the change in X-ray
to calculate the luminosity in a broad energy range tdntensity (Tetarenko et al. 20)6In a detailed study of 132
extract detailed information. We calculated bolometricoutbursts,Tetarenko et al(20169 reported that the mean
luminosity of the source for threRUSTAR observations outburst duration for ‘failed’ outbursts is abowt 290
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d. However, many ‘failed’ outbursts were observed to beas the accretion rates were decreased and the source
as short as the 2018 outburst of MAXI J1813-095. Forentered the quiescent state.

example, the outburst duration of the 1998 outburst of  \y did not observe any QPO in the PDS of the source.
XTE J0421+560 Belloni etal. 1999 and 2011 outburst ¢ is ynderstood that the oscillation of the CENBOL or the
of Swift J1357.2-0933Armas Padilla et al. 20)3are 49 Compton cloud produces the QPQdd(teni et al. 1996

d and 76 d, respectively. In general, failed outbursts aresiii ¢ chakrabarti 201} Sharp QPOs are produced when
faint' with peak luminosityLycar < 10* ergs™ (e.9.the 5 gyrong shock oscillates and the resonance condition is
2000 outburst of XTE J1118+48Chatterjee etal. 2039 sayisfied folteni et al. 1996Chakrabarti et al. 20)5The

the 2003 outburst of XTE J1550-568t(rner & Shrader  esonance condition is satisfied when the cooling time of
2003), whereas the peak luminosity during completeing post-shock matter matches the infall time. On the other

38 1
Outbursts, Lycar ~ 10*erg s e.g. the 2009 outburst 304 4 weak QPO is produced due to the non-satisfaction
of XTE J1752-223Reis et al. 201}l the 2017 outburst 4t the Rankine-Hugoniot condition or oscillation of the

of MAXI J1535-571 Gtiele & Kong 2018, the 2019  ghqck-ess barrier or weak shock oscillatidRy( et al.
outburst of MAXI J1348-630 Jana et al. 202Qband 1997). A strong shock was formed during the 2018
the 2019-2020 OUtbl.”St f)f MAXI J0637-430a0a et ?I' outburst of MAXI J1813-095. However, due to the low
202]). The peak luminosity of ggAXI ‘]11813709.5 during keplerian disk accretion rate, and high sub-Keplerian halo
the prese_ntoutbur‘stispe?k ~ 10" ergs—, whichis con- 4t the cooling was inefficient. Thus, it is plausible that
sistent with other “failed” outbursts. Thus, MAXI J1813- 1o_satisfaction of the resonance condition is behind non-
095 joined the ever-increasing list of ‘failed’ outbursts jpcarvation of QPOs. This is already reported in several
(e.g. the 2008 outburst of H 1743-3224pitanio etal. g4 rces that non-satisfaction of resonance conditioreis th

2009, the 2011 and 2012 outbursts of MAXI J1836- rg450n hehind non-observation of QPChgkrabarti et al.
194 Qanaetal. 201620203, the 2017 outburst of 5015 janaetal. 20200).

Swift J1357.2-0933ondal & Chakrabarti 201)%and the

2017 outburst of GX 339—4arcia et al. 2019) In the first two NUSTAR observations (N1 and N2),

the source was observed in the decay phase, while the
third observation (N3) was made in the brief re-brightening
period. In the first two observations, we found that both

In general, an outburst is triggered when the viscosinCCretion ratesrq andi,) decreased, though, in the
is suddenly enhanced at the outer edge of the disfhird observation, the accretion rates marginally inceelas
(Ebisawa et al. 1996 The accreting matter loses angular 1€ Shock was found to move outward (83to 1137),
momentum when the viscosity rises and rushes towarddthough the shock strength remained stable 80).

the BH. The low viscosity sub-Keplerian flow moves In TCAF, the normalization is a function of mass of
inward roughly on the free-fall time scale, whereas thethe BH, distance and inclination angle of the system, and
Keplerian disk moves inward on the viscous time scaleis given by Nicas ~ (r§/47rd2)cosz', whered is distance

If the viscosity is sufficiently high, the Keplerian disk in 10 kpc andi is inclination angle. Thus ideally, one
moves closer to the BH and cools the CENBOL andshould find that the normalization is the same for all the
the source undergoes state transiti@iri(& Chakrabarti  observations. However, there could be some fluctuations
2012 Mondal et al. 201). However, if the viscosity does due to measurement errors. Nevertheless, one could see
not rise high enough, the Keplerian disk remains at a larga large deviation if a jet is presendgnhaetal. 2017
distance from the BH. Hence, the Keplerian disk cannofjlana 2018 Chatterjee et al. 2019 In our analysis, we
cool the CENBOL efficiently. As a result, the source doedind Ni..s ~ 1.62,1.65 and 1.67 for N1, N2 and N3,

not enter the softer spectral states. In the 2018 outburséspectively. This indicates that either there is no jet or
of MAXI J1813-095, it appears that the viscosity did a compact jet exists with very low outflow rate. Indeed,
not become high enough, and the source did not entdRussell et al(2018 observed a compact jet in the system.
in the softer spectral states. Although the Keplerian disk\Ve calculated the mass outflow rate using equation (16) of
accretion rate was low, the continuous supply of subChakrabart{1999. The ratio of mass outflow raté/{,.)
Keplerian matter leads to increase of high energy flux, ato mass inflow rate (accretion rat®fi, = rq + 1) is

well as the total flux, which leads to higher HR when thegiven byr,;, = % = %%%)3/2 exp(2 — lel),

flux was high. This is not observed in a regular outburstwheref,,; and;, are the solid angles subtended by the
The source entered the declining phase of the outburstutflow and inflow, respectively. Using the TCAF model
when the viscosity is turned off. The shock moved outwarditted R and assuming,,; ~ 6i,, we found thatV/,,, ~

4.2 Accretion Geometry
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0.003M;, during all three observations. Thus, the mass  The strength of the reflection and the Fe line emission
outflow rate is indeed very low and stable, hence, thalso depend on the inclination angle of the source. Thus,
TCAF model normalization is constant. from the reflection and line emission, the inclination
The hard X-ray emission is reprocessed by theangle of the source can be constrained. We found
Keplerian accretion disk and contributes to the Fe K evidence for weak reflection in all three observations. From
emission line and reflection hum@ilbert & Rees 1988 the refl ect model fitted parametexos(incl) varied
Lightman & White 1988 Fabian et al. 1989 In general, between 0.71 and 0.88, which translateg{e; between
the reflection hump is observed arourd15 — 30 keV.  28.36° and44.76°. From LAOR model fitting, thefi, | is
We studied the reflection feature of the spectra utilizireg th betweer1.88° and36.26°. Thus, the inclination angle of
convolution modet ef | ect . We find that the reflectionis the source i28°—45°. This low inclination angle naturally
weak withR,.q = 0.15, 0.22 and 0.25 in N1, N2 and N3, explains the low reflection of the source.
respectively. Low accretion rate and location far fromthe ~ We also estimated the distance of the source from
Keplerian disk are responsible for the weak reflection.  the unabsorbed flux and the Keplerian disk accretion rate.
The source intrinsic luminosity, = nMc* = 47d>F,
wheren, M, ¢, d and F are the accretion efficiency, mass

_ _ accretion rate, light speed, source distance and unattsorbe
Mass of the BH is a free parameter in the TCAF modelfjyx, respectively. The Eddington luminosity,;zqq =

Thus, we can estimate the mass of the BH from the spectra,lMEddC{ where Mgqq is the Eddington mass accretion
analysis with the TCAF model. The masses of severajate. The TCAF model fitted mass accretion rate =
BHs are already estimated from the spectral analysis with\y / A/;,,4. From these three equations, we have?F =

the TCAF modeljlolla et al. 2016 Chatterjee et al. 2016 45, 1,,,. From this equation, we estimated the distance
Shang et al. 2019 The mass of MAXI J1813-095 was from the threeNuSTAR observations as 6.02 kpc, 5.83 kpc

unknown; thus we kept the mass free during the spectraind 6.25 kpc, for N1, N2 and N3, respectively. From this,
analysis. The mass of the BH was obtained as 7.38, 7.4he source distance is about6 kpc.

and 7.4QV, in N1, N2 and N3, respectively. We plot
the variation of mass witd\y? in Figure 7. Taking an 5 CONCLUSIONS

average of three observations, we estimate the mass \9\1‘/ died the 2018 outb f MAX] J1813-095 relvi
the BH as7.41 7137 M ¢, with 90% confidence, or simply, e studied the outbursto —ouorelying

TA+15 M. on data obtained from th@wift/XRT, NICER andNuSTAR

The Fe K line is subjected to relativistic broadening observations. Our key findings are the following.
if it is emitted from a region very close to the BH 1. MAXI J1813-095 remained in the hard state during

4.3 Intrinsic Properties of the System

(Fabian etal. 1989Laor 199). In this work, we used
relativistic modelLACR to fit the NUSTAR data for broad

iron Ko emission line. In the process, we obtained the 2.

inner edge of the accretion flowR(,). Equating Ri,
with the innermost stable circular orbiR?(.,), we can

calculate the spin of the BH. In this method, the spins

of several BHs have been estimatédiller et al. 2004
Park et al. 2004 Reis et al. 2008 Mondal et al. 201§

For BHC MAXI J1813-095, we obtained the inner edge

of the accretion flowR;, as 2.647008 7y, 2.5970 0%

1y, and 2.5870 01 7y, for N1, N2 and N3, respectively.
This translates to the spin parametet)(of the BH as
0.741002, 0.7575:02 and 0.765:03 for N1, N2 and N3,

respectively. The accretion flow moves closer to the BH
in the soft state compared to the hard state. Since all the

observations are taken in the hard stdtg, would have

moved closer in the soft state. Hence, the estimated spin

parameter *) only gives us the minimum value. Thus,

we conclude the spin parameter of MAXI J1813-095 to be 5.

a* > 0.76.

the entire outburst. The source did not show state
transition. This makes the outburst a ‘failed’ outburst.
We investigated PDSs obtained from tie —

10 keV NICER light curves. Strong variabilities were
identified with rms~ 20% — 30%. We did not find any
signature of QPO.

. The0.5 — 78 keV Swift/XRT+NuSTAR spectra can

be fitted well with the combineddi skbb and
power | aw model. However, the fitting improved
when we added a reflection component (modeled with
refl ect in XSPEC). Weak reflection was found in
the spectra obtained from all three observations.

. From spectral analysis with the TCAF model, we

extracted the accretion rateg{ andry,), size of the
Compton cloud (i.e., the shock locatioXi,) and shock
compression ratiol). We observed that the accretion
rates decreased and the shock moved outward in the
decay phase as the outburst progressed.

We ascertained that the mass outflow rate is very low
and constant during our observations.
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6. We estimated the mass of MAXI J1813—-0957ak+ Bhowmick, R., Debnath, D., & Chatterjee, K., et al. ApJ, 2020
1.5 M . The distance of the source is estimated to be (submitted)

~ 6 kpc. Capitanio, F., Belloni, T., Del Santo, M., & Ubertini, P. 200
7. We estimated the spin parameter of the BHias> MNRAS, 398, 1194
0.76. We also concluded that the inclination of the Chakrabarti, S. K. 1990, Theory of Transonic Astrophysical
source is likely to be betweery® — 45°. Flows (World Scientific Publishing Co. Pte. Ltd., ISBN
#9789814439220)
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