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ABSTRACT

We report on multi-wavelength measurements of the acgdtiack hole Swift J1753.5-0127 in the hard
state at low luminosityl( ~ 2.7 x 10*®® erg s* assuming a distance df= 3 kpc) in 2014 April. The radio emis-
sion is optically thick synchrotron, presumably from a camiget. We take advantage of the low extinction
(E(B-V) =0.45 from earlier work) and model the near-IR to UV emissiorhvaiimulti-temperature disk model.
Assuming a black hole mass bfzy = 5Mg, and a system inclination af= 40°, the fits imply an inner radius
for the disk ofRin /Ry > 212d3 (Mgn/5M) ™1, whereRy is the gravitational radius of the black hole, ahds
the distance to the source in units of 3kpc. The outer ragiRs,i/Ry = 90,000d; (Mgn/5 Mg)™%, which cor-
responds to & x 10'%ds cm, consistent with the expected size of the disk given previmeasurements of the
size of the companion’s Roche lobe. The 0.5-240keV energgtapm measured bwift/XRT, Suzaku (XIS,
PIN, and GSO), antluSTAR is relatively well characterized by an absorbed power-lath & photon index
of I' = 1.7224 0.003 (90% confidence error), but a significant improvemerg@&svhen a second continuum
component is added. Reflection is a possibility, but no ifpa Is detected, implying a low iron abundance.
We are able to fit the entire (radio to 240 keV) spectral eneligiribution (SED) with a multi-temperature
disk component, a Comptonization component, and a brokemplaw, representing the emission from the
compact jet. The broken power-law cannot significantly dbaote to the soft X-ray emission, and this may be
related to why Swift J1753.5-0127 is an outlier in the radicdy correlation. The broken power-law (i.e., the
jet) might dominate above 20 keV, which would constrain tresk frequency to be betweema 101°Hz and
3.6 x 10'2Hz. Although the fits to the full SED do not include significaimérmal emission in the X-ray band,
previous observations have consistently seen such a ca@npamnd we find that there is evidence at the3.1-
level for a disk-blackbody component with a temperatur&Taf = 15033 eV and an inner radius of 5-Rj.

If this component is real, it might imply the presence of ameinoptically thick accretion disk in addition to
the strongly truncatedy, > 212R;) disk. We also perform X-ray timing analysis, and the powsscrum is
dominated by a Lorentzian component with,x = 0.1104+0.003 Hz and/max = 0.16+ 0.04 Hz as measured by
XIS and XRT, respectively.

Subject headings. accretion, accretion disks — black hole physics — starsividdal (Swift J1753.5-0127)
— X-rays: stars — X-rays: general

1. INTRODUCTION
Most accreting stellar-mass black holes in binary systems
exhibit large changes in luminosity over time, ranging from
a substantial fraction of the Eddington limltgyg) to ~1078
or ~10°Lgqq. In addition to changes in luminosity, these
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systems show other observational changes, including tran-and Ry, (Esin, McClintock & Narayan 1997), with sources
sitions between distinct spectral states that are simitanf  entering the hard state because of an increas®,inHow-
system-to-system (e.g., McClintock & Remillard 2006; Bel- ever, X-ray observations of sources in the bright hard state
loni 2010). The thermal dominant (or soft) state has a strongseem to contradict this since relativistically smearecderefl
thermal component from an optically thick accretion disk in tion components are seen from some systems that imply that
the X-ray spectrum. In the hard state on the other hand, thisthe disk remains close to the innermost stable circulart orbi
component contributes a lower fraction of the flux in the X- (ISCO; Blum et al. 2009; Reis et al. 2011; Miller et al. 2012;
ray band. The drop in flux is partly due to a decrease in the Fabian et al. 2012). In addition, thermal component modelin
temperature of the component (Kalemci et al. 2004), moving has led to similar conclusions (Reis, Fabian & Miller 2010).
its peak into the ultraviolet where it is difficult to measdree While photon pile-up in CCD spectra has sparked some de-
to interstellar absorption. While the soft thermal X-rayiem  bate about iron line results (Miller et al. 2006; Done & Diaz
sion weakens, there is a strong increase in the hard X-rays Trigo 2010; Miller et al. 2010), more recent observationthwi
and the X-ray spectrum in the hard state is dominated by athe Nuclear Spectroscopic Telescope Array (NuSTAR) con-
power-law, which often has an exponential cutoff above 50— firm strongly broadened and skewed iron lines in the bright
100 keV (Grove et al. 1998; Gilfanov & Merloni 2014). hard state for GRS 1915+105 (Miller et al. 2013), GRS 1739—

Accreting black holes also emit in the radio band when they 278 (Miller et al. 2015), GX 339—4 (Furst et al. 2015), and
are in the hard state, and this is due to a powerful compactCygnus X-1 (Parker et al. 2015). For the case of GRS 1739—
jet (Corbel et al. 2000; Fender 2001). At radio frequencies, 278, the luminosity is-5%Lgqq, and the inferred inner radius
the spectrum is dominated by a partially self-absorbed syn-is <12Ry (Miller et al. 2015), wher&Ry = GMgy/c? andG is
chrotron component that has a flat or rising spectrépnof the gravitational constan¥)gy, is the black hole mass, awds
v, wherea > 0). The jet spectrum changes slope above the speed of light. Significantly truncated disks have been r
the break frequencysprea, becoming steeper because the fre- ported for the hard state at intermediate and low luminesiti
guency is sufficiently high that the entire jet is opticatyrt. using reflection component modeling (Tomsick et al. 2009;
In some cases, the measurementgfhas been constrained  Shidatsu et al. 2011; Plant et al. 2015) and also by modeling
to be in the infrared (IR) to optical (Corbel & Fender 2002; the thermal component from the optically thick disk (Gier-
Gandhi et al. 2011; Rahoui et al. 2011; Russell et al. 2013a,blifski, Done & Page 2008; Cabanac et al. 2009).
2014), but its measurement can be complicated because of To investigate questions related to the accretion geometry
the other emission components (e.g., from the accretidn dis and the relationship between the disk and the jet, we per-
or the optical companion) and also because the jet spectrunformed multi-wavelength observations of the accretinglbla
is likely significantly more complicated than a simple broke  hole Swift J1753.5-0127 in the hard state. This system was
power-law (Markoff, Nowak & Wilms 2005; Migliari et al.  first discovered in outburst in 2005 (Palmer et al. 2005),iand
2007). is very unusual in that it has been bright in X-rays for alneost

In the hard state, it is clear that there is a strong connectio decade. The optical light curve shows a 3.2 hour modulation,
between the X-ray and radio emission. The fluxes in the two which has been interpreted as a superhump period (a modula-
bands are correlated (Corbel et al. 2000, 2003; Gallo, Fendetion due to tidal stresses on a precessing, elliptical siocre
& Pooley 2003; Corbel, Koerding & Kaaret 2008; Corbel disk), suggesting that the orbital period is somewhat small
et al. 2013; Gallo et al. 2014), and while early studies sug- than this (Zurita et al. 2008). From radial velocity measure
gested that all black hole sources might lie on the same cor-ments, Neustroev et al. (2014) find a 2.85 hour signal, which
relation line, observations of more systems have shown thats likely the true orbital period. Thus, Swift J1753.5-012%
this is not the case (Jonker et al. 2010; Coriat et al. 2011). Aone of the shortest orbital periods of any known black hole bi
current topic of debate is whether all sources lie on two cor- nary. Although the mass of the black hole in Swift J1753.5—
relation lines, one track for standard sources and one fier ou 0127 is still debated since there has not been an opportionity
liers, or if there is a continuum of different tracks (Coeaal. obtain a radial velocity measurement for the companion star
2011; Corbel et al. 2013; Gallo et al. 2014). Another topic is with the system in quiescence, Neustroev et al. (2014) argue
how much, if any, of the X-ray emission originates in the jet. that the mass is relatively loWjgy < 5M, and we adopt a
While the most typical hard state spectrum with an exponen-black hole mass of 5M for calculations in this paper.
tial cutoff is well described by thermal Comptonizationdain Swift J1753.5-0127 is also unusual in that it has a low level
has been argued that it is unlikely that this emission is due t of extinction, due in part to it being somewhat out of the plan
synchrotron emission from a jet (Zdziarski et al. 2003), eom with Galactic coordinates df= 24.9° andb = +12.2°. Fron-
black hole spectra appear to have multiple high-energy con-ing et al. (2014) obtained UV measurements showing that
tinuum components (Joinet et al. 2007; Rodriguez et al. 2008 E(B—-V) = 0.45, and we confirm this value in a companion
Bouchetet al. 2009; Droulans et al. 2010; Russell et al. 2010 paper (Rahoui et al., submitted to ApJ). It is not entiregacl
and a jet origin is not ruled-out. In fact, Cygnus X-1 often whether the system is relatively nearby or in the Galactio ha
shows two high-energy components in the hard state, includ-as there is a large range of possible distandes1-10kpc
ing an MeV component (McConnell et al. 2000; Rahoui et al. (Cadolle Bel et al. 2007; Zurita et al. 2008; Froning et al.
2011; Zdziarski, Lubiski & Sikora 2012), and the detection 2014). Froning et al. (2014) provide evidence that the UV
of strong polarization at-400keV favors a synchrotron ori- emission from Swift J1753.5-0127 in the hard state comes
gin (Laurent et al. 2011; Jourdain et al. 2012). from an accretion disk, and they calculate distance upper li

The fact that a jet is present in the hard state and that therets that depend oMgy, assuming that the mass accretion rate
is some connection between the disk and the jet leads to thés less than 5%g4g. FOrMgy =5M, the upper limit is 2.8—
question of what we know about the disk properties. The main3.7 kpc, depending on the inclination of the system, and we
question regarding the optically thick disk concerns teto  use a fiducial distance of 3 kpc for the calculations in this pa
tion of the inner radiusK,). One idea is that the black hole per.
states are essentially determined by the mass accretien rat
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The observations that we obtained in 2014 April are listed

0.30f ' ' ' ] in Table 1, and more details about the observation times are

%”\ - a j shown in Figure 2. The X-ray flux was rising very slowly dur-

e 0.25F # R ing the observation, and this is seen especially clearljén t

§ 0.20F #4, ! ] Suzaku/XIS light curve (Figure 2). We provide more details

— & ﬁ% . ‘ ] about the observatories used and how the data were processed

%X 015 _Eﬁ ! | + k * ; + Y in the following.

S Ot M‘%f R m i it* | /] 2.1. Radio

> 010F SRS A {.}# } . | |

2 : L 4 #W H’ v M W '] We observed Swift J1753.5-0127 with the Karl G. Jan-

 0.05F #&r ’ M f & sky Very Large Array (VLA) on 2014 April 5 (MJD 56752)

& : ' ] from 11:00-13:00 UT with the array in its most-extended A-
- 0.00¢ f f f — configuration. We split the observing time between the 4—
3 0.025F b 3 8 and 18-26-GHz observing bands. In the lower 4-8 GHz
T h ﬁ» 3 band, we split the available bandwidth into two 1024-MHz
§ 0.020 ﬁ“ﬁ 3 basebands, centered at 5.25 and 7.45GHz. Each baseband
- ?‘ | ] was split into eight 128-MHz spectral windows, each of which
< 0015 ¥, Mm . MM { ] comprised sixty-four 2-MHz channels. The higher-frequenc
> F *gmw 2 . %’\4 + L 18-26 GHz band was fully covered by four 2048-MHz base-
T 0.010; :‘+ ty 3 . ﬁw ' & MW bands, each comprising sixteen 128-MHz sub-bands made
3 0.0050 . 4 * ‘ Mﬁ' A +j up of sixty-four 2-MHz channels. After accounting for cal-

b F ‘ to. .+ f ] ibration overheads, the total on-source integration tifioes
' 0.000C ‘ ‘ - ] Swift J1753.5-0127 were 25.3 minutes in the 4-8-GHz band
0 500 1000 1500 2000  and 29.1 minutes in the 18-26-GHz band.
M JD-55000 (days) The data were reduced using version 4.2.0 of the Common

Astronomy Software Application (CASA; McMullin et al.
Fie. 1.— MAXI () andSift/BAT (b) light curves in the 2-20 ke’ 2007). We applied a priori calibration to account for up-
6. = — ) eV dated antenna positions and gain variations with changing
gzg #?a_g%'ﬁv ?ﬁgdferfgcrals‘l’;’r']fés‘]ﬂjri'?Egls%;tbaert]vc‘j’esetgp';‘i'g]:ezoog elevation or correlator configuration, and corrected the 18
.y L o 26-GHz data for opacity effects. We edited out any data af-
the observations used in this work (2014 April 2-8). fected by antenna shadowing before Hanning smoothing the
. . ) data and removing any radio frequency interference. At all
Swift J1753.5-0127 has been extensively observed in thefrequencies we used 3C286 to calibrate the instrumental fre
radio band, and is one of the clearest examples of a sourcguency response, and to set the amplitude scale according to
that is an outlier in the radio/X-ray correlation plot (Sole  the default Perley-Butler 2010 coefficients implementetién
et al. 2010; Corbel et al. 2013) The location On. the plOt de- CASA taskseTJdYy. We used J1743-0350 as a Secondary cal-
pends on the assumed distance, and the previous work hagrator to determine the time-varying complex gains agsin
assumed a source distance of 8kpc. While we are adoptfrom both atmospheric and instrumental effects.
ing a significantly smaller distance, Soleri et al. (2010)-c0  The calibrated data on Swift J1753.5-0127 were averaged
sidered how distance affects the the radio underluminosity py a factor of four in frequency to reduce the raw data volume,
which is a measure of how far a source is from the standardand then imaged using Briggs weighting with a robust param-
correlation. Soleri et al. (2010) show that a smaller diséan eter of 1 to achieve the best compromise between sensitivity
moves the source farther from the standard correlation (seeand sidelobe suppression. When imaging, we used the multi-
also Jonker et. al. 2004) ThUS, the fact that recent Work Sug-frequency Synthesis a|gorithm as imp|emented in CASA’s
gests that Swift J1753.5-0127 is closer than early estBnate c_gan task, choosing two Taylor terms to account for the
only strengthens the conclusion that the source is an autlie  frequency dependence of source brightness. The source was
For this work, we have carried out a large campaign to ob- clearly detected in all frequency bands, with an inverteztsp
serve Swift J1753.5-0127 in the hard state with radlo, near-trum (Oé > O, where the flux densitﬁu varies as a function
IR, optical, UV, and X-ray observations as described in Sec- of frequencyr asS, o« v*). To better constrain the radio
tion 2. In the X-ray, data were obtained wtluSTAR, Suzaku, spectrum, we split each frequency band into four frequency
andSnift/XRT. The observations occurred when the flux level pins (of width 1024 MHz at 4-8 GHz, and 2048 MHz at 18—
was close to the minimum brightness this source has had inpg GHz where the intrinsic sensitivity per unit frequency is
the ~10 years since its discovery (see Figure 1). The low |ower). We measured the source brightness in each frequency
flux level (and presumably mass accretion rate) may causepin by fitting an elliptical Gaussian to the brightness dtistr
changes in the properties of the accretion disk or jet coetpar  tion in the image plane. Swift J1753.5-0127 appeared unre-
to previous observations at higher flux levels. In Sectione3,  solved at all frequencies.
perform spectral analysis for the different energy ranges ( swift J1753.50127 was also observed with the Mullard
dio, near-IR to UV, and X-ray) separately and then also as aradio Astronomy Observatory’s Arcminute Microkelvin Im-
combined radio to X-ray Spectral Energy Distribution (SED) ager (AMI) Large Array (Zwart et al. 2008) on two occa-
We also produce an X-ray power spectrum for timing anal- sjons during the coordinated multi-wavelength campaign be
ysis. We discuss the results in Section 4, and then providerween 2014 April 4-5. These-4-hour observations were
conclusions in Section 5. taken at the times given in Table 1 with a central frequency
of 15.4 GHz. The AMI Large Array consists of eight 13-m
2. OBSERVATIONS AND DATA REDUCTION dishes, with the full frequency band of 12—-17.9 GHz being di-
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_ theB, V, J, andKs bands using the HONIR instrument (Saki-
AMI AMI a 3 moto et al. 2012; Akitaya et al. 2014) attached to Kanata.
VLA E The individual frame exposure times were 75, 136, 120, and
Suzaku XI SONiﬂ'“ 3 60s inB, V, J, K-bands, respectively. The data reduction
ml‘ﬂ‘l'ﬂvmﬂwi""”'l" 3 was performed in the standard manner: the bias and dark
fiin NUSTAR E images were subtracted from all images, and then the im-
- ; b3 ages were flat-fielded. The magnitudes of the object and
t E comparison stars were measured using PSF photometry. For
] the B, V, andJ-band photometry, we used the comparison
star located at R.A.=1%3"255275, Decl.=—0127'30."05
(J2000.0), which has magnitudes Bf= 17.62, V = 16.66,
andJ = 14.468 (Zurita et al. 2008; Skrutskie et al. 2006).
For the K-band photometry, we used the comparison star
at R.A.=1753"255853, Decl.=—0126'17//00 (J2000.0), for
whichKg =11.132 (Skrutskie et al. 2006).
We also conducted opticgl, r’, i’, andZ band monitor-
ing observations with the Lulin 41 cm Super-Light Telescope
(SLT), which is located in Taiwan, on three nights in 2014
April (see Table 1). Photometric images with 180 s exposures
were obtained using the U42 CCD camera. We performed the
dark-subtraction and flat-fielding correction using therapp
priate calibration data with the IRAF package. Photometric
calibrations were made with the Pan-STARRSd catalogs
P . . T (Magnier et al. 2013, Schlafly et al. 2012; Tonry et al. 2012).
MJD-55000 (days) The DAOPHOT package was used to perform the aperture
photometry of the multi-band images.
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Fic. 2.—(a) The filled circles show th&1AXI light curve over the 2 3. Spift
time of the observations (2014 April 2-8). The times of the |AM "
VLA, SWwift/XRT, Suzaku, and NUSTAR observations are indicated. The Swift satellite (Gehrels et al. 2004) includes two
Also, the 1-12keV light curve foBuzaku/XISO0 is shown (the actual  pointed instruments, the X-ray Telescope (XRT; Burrows
time of the observations(c) The optical and near-IR magnitudes Roming et al. 2005), and we used data from both instru-
measured at the Kanata and SLT telescopes. ments from ObsID 00080730001 in this work. We per-

vided into eight 0.75 GHz bandwidth channels. Channels 1-2formed the XRT data reduction using HEASOFT v6.15.1
and 8 were ignored due to lower response in those frequenq@nd the 2013 March version of the XRT calibration data
ranges and the expected high level of interference front-sate 2ase (CALDB), and made event lists usigt pi pel i ne.
lites due to the low elevation of the source. The primary beam The XRT instrument was in Windowed Timing mode to
FWHM is ~6 arcmin at 16 GHz. avoid photon pile-up. For spectral analysis, we extracted
The AMI data were reduced using the semi-automated photons from within 47 of the Swift J1753.5-0127 posi-
pipeline procedure described in Staley et al. (2013), which tion, and made a background spectrum from a region away
uses the AMI software toOREDUCE to automatically flag ~ from the source. We measured an XRT source count rate
for interference, shadowing and hardware errors, catted of 7.7 ¢/s in the 0.5-10keV band during the 2.4ks observa-
gain, and synthesize the frequency channels to produce vistion. We used the appropriate response file from the CALDB
ibility data in uv-FITS format (see Staley et al. 2013, for (SWxwt0to2s6_20010101v015.rmf) and produced a new an-
more details). However, the low elevation and the radio- Cillary response file usingr t mkar f and the exposure map
quiet nature of the source resulted in high noise levels in 9enerated byrt pi pel i ne. We binned the 0.5-10keV
the reduced images, and thus the two observations were conSP€ctra so that each bin has a signal-to-noise of 10.
catenated to maximize the signal-to-noise. The concadnat For UVOT, we obtained photometry in six filterg, b, u,
dataset was then imaged in CASA, where theEAN task uwwl, uvm2, andquZ)_ during th_e obs_ervatlon. For each fil-
was used to produce the combined frequency image, and thdel, we produced an image US}WOt i msumand made a
flux density was measured by fitting a Gaussian model to Source region with a radius of’5and a background region
the source in the radio map using the MIRIAD taskeIT. from a source-free region. Then, we usedot sour ce to

The error on the concatenated flux density was calculated a®erform the photometry and calculate the magnitude and flux
of Swift J1753.5-0127 for each filter.

o= \/(0-05&)2*'051 + 0/ following AMI Consortium et al. Swift also includes the wide field of view (FoV) Burst Alert
(2012), with a 5% absolute calibration error added to the fit- Telescope (BAT), and we use data from BAT to study the
ting error o calculated inimrFIT. The source concatenated long-term 15-50keV flux (see Figures 1 and 2).

flux density was measured at 28®0 . Jy.

2.4. NuSTAR

2.2. Ground-Based Optical and Near-IR TheNuclear Spectroscopic Telescope Array (NUSTAR; Har-
Kanata is a 1.5 m telescope at the Higashi-Hiroshima Ob-rison et al. 2013) consists of two co-aligned X-ray telesspp
servatory. Photometric observations were performed fier th FPMA and FPMB, sensitive between 3—79keV. To reduce the
study on three nights (MJD 56749, 56751, and 56754) with data, we usedupi pel i ne v.1.3.1 as distributed with HEA-
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SOFT 6.15.1. During our analysis, an updated version be-
came available, but we carefully checked that it does not in- 04 7
fluence our results. We extracted the source spectrum from a
circular region with 90 radius centered on the J2000 coordi-
nates. Due to the triggered readout of the detectors, pile-u
is not a concern foNuSTAR. The background was extracted
from a circular region with a 170radius at the other end of
the FoV. Small systematic changes of the background over
the FoV can be neglected, as Swift J1753.5-0127 is a factor
of six brighter than the background, even at 70 keV. The spec-
trum includes data from twdluSTAR ObsIDs. We reduced
both ObsIDs separately and added the resulting spectra and 4,

o
w

Flux (mJy)

o
N

response files usingddascaspec. The resulting total ex- b
posure time is given in Table 1. o 11 +
Y e E—
2.5. Suzaku P § +
For Suzaku, we used data from the X-ray Imaging Spec- 0.8
trometers (XISs; Koyama et al. 2007) and from the Hard X- 4 6 10
ray Detector (HXD; Takahashi et al. 2007) PIN diode detec- Frequency (GH2)

tor, and the HXD gadolinium silicate crystal detector (GSO)

The XIS has three CCD detectors (XIS0O, XIS1, and XIS3) Fic. 3.— (a) Power-law fit to the radio spectrum with= 0.71+
that operate in the 0.4-12keV bandpass. We produced event.05 (o = 0.294 0.05). The measurements are from VLA (8 points)
lists for each detector usingepi pel i ne and merged the  and AMI (1 point at 15.4 GHz)(b) Data-to-model ratio.

event lists taken in the 83 and 5¢5 CCD editing modes. we determined the flux for each data point and then used

We ranaeat t cor 2 andxi scoor d on each of the merged . .
f I x2xsp to produce spectral files and unitary response ma-

event files to update the attitude correction because this is, . g !
important for the pile-up estimate, which we calculated us—s;gfﬁqsé;hg; %ﬁgir?m?zirr?ga?hlg:'?sﬁastiz 55 All spectral fits are per-

ing pi | eest . We extracted source spectra using-aatlius
circle with the inner 22 removed due to pile-up at a level '
of >4% in the core of the point spread function (PSF). We 3.1.1. Radio Spectrum
extracted the background from a rectangular region near the We fitted the radio points with a power-law model (see Fig-
edge of the active area of the detector. The XIS detectorsure 3), and this provides an acceptable fit with a reduged-
were in 1/4 window mode for the observation, and part of the (2) of 0.41 for 7 degrees of freedom (dof). The power-
source region falls off of the active region of the detecte law photon index isI' = 0.71+ 0.05 (90% confidence er-
accounted for this when determining the background scaling rors are given here and throughout the paper unless other-
We usedxi sr nf gen andxi ssi mar f gen to produce re-  wise indicated), and this corresponds to a spectral index of
sponse matrices, and we combined the XISO and XIS3 spectray = 1-T" = 0.294 0.05 (as mentioned abova,is defined ac-
(the two front-illuminated CCD detectors) into a single.file  cording toS, o v, whereS, is the flux density). We used
For HXD, we analyzed both PIN and GSO data using the XSPEC modepegpwr | w, allowing for the power-law
the Perl scriptshxdpi nxbpi and hxdgsoxbpi , respec- normalization to be defined as the flux density at 10 GHz, and
tively, after screening with the standard selection dater we obtain a measurement of 256 ;. Jy at this frequency.
These scripts produce deadtime-corrected source and back-
ground spectra automatically. The non X-ray background 3.1.2. Near-IRto UV Spectrum

model was taken from the FTP sits and cosmic X- The times of the data taken for the near-IR to UV part of
ray background (CXB) was also subtracted based on pre+e gpectrum from Kanata, SLT, aSdift/UVOT are shown
vious High Energy Astronomy Observatory (HEAQ) obser- i, rjgiire 2. The ground-based (Kanata and SLT) observations
vations (Gruber et al. 1999) for PIN. As an energy re- oo 'taken in five epochs over six nights (see Tables 2 and 3
sponse, we used ae_hxd_pinxinome11l_20110601.rspfor PINq yhe exact times of the exposures). As the source is vari-
and ae_hxd_gsoxinom_20100524.rsp with an additional Cor-5p,e from night-to-night and also on shorter time scales, we
rection file (ae_hxd_gsoxinom_crab_20100526.arf) for GSO 54 measurements as close to each other in time as possible,
The background count rate is significantly higher than the | ia keeping the maximum wavelength coverage. Bhit
source rate for GSO, but we still clearly detect Swift J1853. observation occurred between epochs 3 and 4, and we used
0127 atarate of g40+0.026 ¢/s. the points from epoch 3 because the Kanatand J-band
measurements occurred on the same night. We also used the
3. RESULTS Ks-band measurement from epoch 1 because the statistical er-
3.1. Energy Spectrum ror bar is large enough to account for source variability. We
We performed all of the spectral fits using the XSPEC did noalnclude t?eB—band measurﬁment because UVOT cov-
v12.8.2 software. For the X-ray spectra, we used instru- €red the same frequency, and the UVOT measurement was

ment response files produced using the HEASOFT software.doser in time to the other observations. For each SLT band,

For the radio, ground-based optical and near-IR, and UvVOT, Séveral epoch 3 measurements were made, and for the SED,
we used the average value. We estimated the uncertainty on

24f1p://legacy.gsfc.nasa.gov/suzaku/data/backgrounakp_ver2.2_tuned/  these points by calculating the standard deviation of tha-me
and ftp://legacy.gsfc.nasa.gov/suzaku/data/backglgsonxb_ver2.6/ surements.
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We fitted the near-IR to UV spectrum with a power-
law model with extinction. The XSPEC extinction model,

r edden, is based on the Cardelli, Clayton & Mathis (1989)
relationship. The fit is poory? = 10.8 for 10 dof), strongly
over-predicting thé&s-band point. The photon index for the
power-law isT" = 0.2+ 0.2, but we suspect that this is not
physically meaningful. A somewhat better fit (althoughl stil
far from being formally acceptable) is obtained by replgcin
the power-law with a blackbody (specificalpbodyr ad),

and this model is a much better match to the spectral slope in
the near-IR. IE(B-V) is left as a free parametey? = 8.0 for

10 dof, and we finde(B-V) = 0.54+0.06,kT =1.94+0.3 eV,

and a normalization oRm/d1o = (1.0+0.1) x 10*2, where

Rm is the size of the blackbody in units of kilometers, and
dio is the distance to the source in units of 10kpc. Fixing -
E(B-V) to 0.45 givesys = 7.8 for 11 dof (essentially the #

same quality as the fit with the extinction parameter free), 0.7f -
KT =1.51+0.05€eV, andR¢m/do = (1.24+0.1) x 102 ” ” 5 15

The fit is worse with a rr<u|ti-temperature disk-blackbody 10 SXFlO H 10 3x10
di skbb model (2 = 13.4 for 11 dof); however, a signif- requency (Hz)
icant improvement is obtained if the outer edge of the disk ric.4.—(a) Fitto the Kanata, SLT, and UVOT spectra with a multi-
is left as a free parameter. We implemented this by usingtemperature disk model with outer radius as a free param@tes
the di ski r model (Gierlhski, Done & Page 2008, 2009). points are not dereddened, and the model assE(®@s V) = 0.45.
We turned off the thermalization in the outer didlg{ = 0), (b) Data-to-model ratio.
and we set the Compton fractiob:{L4) to zero. This model
gives x2 = 3.6 for 10 dof, and the near-IR to UV spectrum
is shown fitted with this model in Figure 4. For the parame-
ters, we obtairkT, = 5'2 eV for the temperature of the inner
disk and a value 0f.129’:8:§g for logrout, wherer oyt = Rout/Rin,
and R, and R, are, respectively, the inner and outer radii
of the optically thick accretion disk. Thai ski r normal-
ization, which has the same meaning as dheskbb nor-
malization Naiskob = (Rin km/d10)?/ cosi, whereRi km is the
inner radius in units of kilometersl;g is the distance to the
source in units of 10 kpc, ands the inclination of the disk) is
Naiskob = (9'21) x 10°. Here, we simply note that this implies
a very large inner disk radius. We consider the implications
below in detail after using the same model as a componentin
fitting the full SED.

None of the fits described above are formally acceptable,
and there are a few possible reasons for this. Of course, the
first possibility is that the spectrum requires a more comple
model than those we have tried. Secondly, it is known that
there is significant variability in this part of the spectr(ziu-
rita et al. 2008; Neustroev et al. 2014), and this is also seen

in Figure 2. Finally, the largest residuals (see Figure djmr FiG. 5.— (a) Absorbed power-law fit to the Swift J1753.5-0127
the UV where the extinction changes rapidly. Uncertainties x_ay spectrum, includin@wift/XRT (black), Suzaku/XIS03 (cyan),
in the extinction law and the calibration of the broad UVOT  qzakw/XIS1 (purple) NuSTAR/IFPMA (blue),NUSTAR/FPMB (red),
photometric bins could also lead to the large residualsig th - Suzaku/PIN (yellow), andSuzaku/GSO (orange)(b) Data-to-model
part of the spectrum. ratio.

Flux (mJy)

Ratio

kevVZiecm?stkev?

Ratio

100

Energy (keV)

3.1.3. X-ray Spectrum if there was a strong reflection component. For a narrow line

We performed a simultaneous fit to the spectra from all the in the 6.4-7.1keV range, the 90% confidence upper limit on
X-ray instruments with an absorbed power-law model, allow- the equivalent width is<5eV, and for a line with a width of
ing for different overall normalizations between instrurtse 0.5keV, the upper limit on the equivalent width<d$ eV. The
To account for absorption, we used thbabs model with Suzaku/GSO shows a different slope abo#80 keV, and we
Wilms, Allen & McCray (2000) abundances and Verner et al. added an exponential cutoff using theghecut model. A
(1996) cross-sections. As shown in Table 4, the column den-cutoff with Ec, = 66715 keV andErq = 218151keV provides
sity is Ny = (2.014+0.05) x 10?*cm™2, the power-law photon  a large improvement in the fit to the GSO data, but the overalll
index isI" = 1.722+0.003, and this simple model provides a 2 only improves to 1.39 for 2141 dof.
surprisingly good fit withy? = 1.40 for 2143 dof. The resid- Previous work fitting X-ray spectra of Swift J1753.5-0127
uals (see the data-to-model ratio in Figure 5b) do not showhas often shown evidence for a thermal disk-blackbody com-
any evidence for an iron emission line as might be expectedponent with an inner disk temperatureldf, = 0.1-0.4 keV



Multiwavelength Observations of Swift J1753.5-0127 7

when the source is in the hard state (Miller, Homan & Miniutti of 99.8% (3.1¢) for thedi skbb component. The parame-
2006; Hiemstra et al. 2009; Chiang et al. 2010; Reynolds et al ters for this fit areNy = (5+ 1) x 10?*cm™, I' = 1.76+0.06,
2010; Cassatella, Uttley & Maccarone 2012; Kolehmainen, KT, = 13023 eV, andNgiskop = (1.6739) x 10°.

Done & Diaz Trigo 2014). Thus, we addediaskbb model Although the column density is not known precisely, it is
to the power-law with an exponential cutoff, and thg im- clear that it is lower tham6 x 10*tcm™. The extinction
proves to 1.29 for 2139 dof (see Table 4). While this repre- value that we use in this papég(@-V) = 0.45) corresponds
sents a significant improvement (an F-test indicates that th tg N, = 3.1 x 10?*cm 2 based on the relationship derived in
significance of the additional component is in excess of 12- Giver & Ozel (2009). Fixing the column density to this
o), the temperature is much higher and the normalization isya|ye and fitting the XRT spectrum with a model consisting
much lower than previously seen. Our valubligsb= 3.873 of adi skbb and a power-law gives thermal parameter val-
compared to values af 1000 reported by Reynolds et al. ;g5 ofkT;, = 1508 eV andNyiskon = (1.1757) x 10% Thus, if
(2010) and Cassatella, Uttley & Maccarone (2012). A value e only had theSwift/XRT data, we would likely conclude
of Neiskon = 3.8 would imply an unphysically small inner ra-  that there is a physically reasonable thermal componerg. Th
dius. The equation for the inner radius in terms of the gravi- k1. = 150 eVdi skbb component that may be present in the
tational radius is Swift/XRT spectrum falls rapidly going to energies below soft

_ - 2 N = X-rays and cannot explain the near-IR to UV emission that we
Rin/Rg = (0.676d10f"v/Naiskon) /(Mer/Mo)veos) (1) o0 Thys, evenif it is real (and it may not be because it does

wheref is the spectral hardening factor (Shimura & Takahara NOt appear to be present when fitting all the available data),
1995). For a distance of 3 kplgp/ M, =5, f = 1.7, which is it is not one of _the dom_lnant components in the o_verall SED,
atypical value (Shimura & Takahara 1995), art40° based and we do not include it in the following as we build a model
on the estimate of Neustroev et al. (2014), we fiyJ/ R, = for fitting the full SED.
0.26, which puts the inner radius inside the event horizon. ) ; :

Figure 5 shows that there is a small deviation from the 315 Near-IR, Optical, UV r?\ndx ray Spectrum
power-law in the hard X-ray band with the residuals increas- Before fitting the full SED, we fit the near-IR to X-ray spec-
ing above 10keV and peaking near 25keV. Although there trum in order to determine if it can be fit in a physically self-
is no iron line, this could still be evidence for a weak re- consistent manner. As we found that the near-IR to UV spec-
flection component or an additional continuum parameter. trum requires a thermal model with the outer disk radius as
Adding a reflection component to the power-law using the a parameter, we start by fitting the spectrum witthi s ki r
refli onx model (Ross & Fabian 2005) provides a signif- model. While the fits above used a Compton fraction of zero
icant improvement in the fit tg2 = 1.27 for 2138 dof. The (N0 Comptonization component), here we alloy/L4 to be a
reflection covering fraction (determined by calculating ta- ~ frée parameter, so that the model includes Comptonizagion b
tio of the 0.001-1000keV unabsorbed fiux in the reflection & thermal distribution of electrons with a temperatur&tyf
component to the 0.1-1000keV unabsorbed flux in the directcausing the model to extend into the X-ray. Witkiinski r,
component) of2/2r = 0.2 and the ionization (parameterized Comptonization is implemented with th hconp model
by ¢ = L/nR2, whereL is the luminosity of ionizing radia- ~ (£dziarski, Johnson & Magdziarz 199ycki, Done & Smith
tion, n is the electron number density, aRtis the distance ~ 1999). The physical scenario being considered is a nea-IR t
between the source of radiation and the reflecting material)UV thermal component from a truncated optically thick aecre

of ¢ < 5.3ergcms! (see Table 4) would both be reasonable tion disk, providing seed photons to a Comptonization negio
for a cool and truncated disk (although we note that low cov- W|:[rhhh%t_elek(_:trons.d L al " bi dd
ering fractions can also be explained by beaming emission '"N€dl SKI I model alone provides a reasonably good ae-
away from the disk; Beloborodov 1999). The iron abundance SCTPtion of the spectrum, but it is not formally acceptable
of 0.28- 0.08 times solar is low but perhaps not unreason- With x;, = 1.38 for 2152 dof (see Table 5). The fact that the
ably so. Adding adi skbb in addition tor ef | i onx only thermal componentacts as the seed photon dIStr_IbutIOhéOI‘t
provides a small improvement to the fit {8 = 1.26 for 2136 Comptonization emission leads to a somewhat higher value of
dof), andNyiskupis even smaller than the previous value. How- KTin (12:2eV compared to § eV found in Section 3.1.2) and

ever, it is notable that adding tié skbb component causes lower normalization, corresponding to a somewhat smaller
the i}on abundance to change td %2t times solar disk inner radius. The temperature of the Comptonizing-elec
=0.15 .

trons is constrained to be60keV, and the Comptonizing
fraction isL¢/Lg = 4.23%.

Adding a second continuum component provides a much

To investigate further on the question of why we do not improved fit, and approximately the same improvement is
see a physically reasonalde skbb component while many  seen whether we add a power-law with an exponential cut-
previous studies of Swift J1753.5-0127 in the hard state did off or a reflection component (see Table 5). Also, both two-
we fit the X-ray spectra individually. Despite the short ex- component models lead to very similar values for the thermal
posure time, th&wift/XRT spectrum provides the best infor- component withkT;, increasing to 287 eV in one case and
mation on this because it extends down to 0.5keV without 29+ 5eV in the other. The values by, decrease further,
strong instrumental features (we note tisazaku/XIS also but they still imply a large disk truncation radius.

3.1.4. XRT Sectrum and the Possibility of a Thermal Component

has sensitivity down at this energy, but the residuals aiteic The two-component models have very different implica-
the presence of instrumental features). A fit to the XRT spec-tions for the properties of the Comptonization region. The
trum with an absorbed power-law model givids = (2.2+ physical scenario we are considering in adding an extra

0.2) x 10P*cm™®, T' = 1.65+ 0.03, andy? = 1.27 for 131 dof. ~ power-law is that either this emission comes from the jet or
Adding adi skbb provides a significant improvement (to that there is an inhomogeneous or multi-phase Comptoniza-
x2 =1.17 for 129 dof), and an F-test indicates a significance tion region (Makishima et al. 2008; Takahashi et al. 2008;
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Fic. 6.— (@) Fit to the Swift J1753.5-0127 spectrum, including the Fic. 7.—(a) Fit to the Swift J1753.5-0127 spectrum, including the
data from the near-IR to the X-ray. The modeldisski r plus a data from the near-IR to the X-ray. The modeldisski r plus a
power-law with a high-energy cutoff. The power-law is thedea of reflection componentb) Data-to-model ratio.
the two componentgb) Data-to-model ratio.

. . broken power-law component with a high-energy cutoff.
Yamada et al. 2013). When this component is added, as™ g continuum components are multipliedrydden and
shown in Figure 6’0!}83 best T't parameters 'mP'y a very _hard t babs as described above. We fix&dB—-V) to 0.45 and\y
spectruml’ = 1.3353;, and it dominates at high energies, \yas left as a free parameter. The fit parameters are given in
so that thedi ski r Comptonization component can have r,pie 6 and the quality of the fit ig; = 1.28 for 2156 dof.
[nuﬁh _Io(\)/v%f(\)lulta?s oAkTeI(the fﬁonl_strglr}t 'S>13g keV) andl We left the normalizations between the X-ray instruments as

¢/La=0. 17. A value ofLc/Lg below 1.0 is unusual  goe narameters, but we fixed all of the non-X-ray instrument
for the hard state, but this is due to the fact that much of the | /-1 -0 h< 16 th&wift/XRT normalization.

ha(r)d )i;]ray Ilﬁ‘x if’] inéhe p;]ower-lleaw;_:ompondegt.d H _ We used the XSPEC routirgt eppar to determine the
n the other hand, when refiection 1S added, as shown Inrange of possible values fdEpea The x? values are

Figure 7, the physical scenario is that tieski r Comp- nearly constant over a large range, increasing sharply at
tonization component is being reflected from the truncated10 « 107keV (24 x 101Hz), which corresponds to the

disk. As thedi ski r component must produce the high en- . s
ergy emission in this case, a very high Comptonization tem- Nighest radio frequency measured, and & >110~keV

perature is requireck{. > 429keV) and the Comptonizing (3.6 x 10**Hz). At the upper limit,I'; becomes steeper to

fraction increases the/Lg = 2.4 0.6. Theref | i onx pa-  avoid over-producing in the near-IR, byt becomes worse
rameters are similar to those described above for the X-raybecause the component no longer extends to the X-ray band.
only fits. The ionization state is low, with a valuef 5.0'33 For Figure 8, showing the fitted SED, we $8jcaxto 1.0 x

ergcmst. Also, the Fe abundance is33+ 0.09, and the 10%keV as an example. The main result is that it is pos-
covering fraction is(2/2r = 0.20. The ionization parame- Sible for the broken power-law to account for the hard X-
ter and the covering fraction do not seem unreasonable for Ean excess. Theli skir parameters for the full SED fit
cool and truncated disk, but we cannot say with any certainty (€€ Table 6) are almost the same as the parameters for the

which two-component model is more likely to be correct. di skir+hi ghecut »pegpwr | wfits to the near-IR to X-
ray fits (see Table 5).
3.1.6. Full SED If the hard X-ray excess is explained by a reflection com-

. . _ponentinstead of the broken power-law (i.e., the jet), then
_ When the full radio to hard X-ray SED is put together, it cqy|d be steeper, allowing for even higher valueBgfa. We
is immediately clear that the extrapolation of the powev-la  aypored this possibility by fitting just the radio to UV spec
seen in the radio band is well above the flux measured in theyym with a modified version of the model shown in Table 6.
near-IR (even a_fter_dere(_jdenmg). This |mpI|es_that théorad The modifications include removingi ghecut and fixing
component, which is attributed to the compact jet, must haveine i ski r components related to Comptonization to the
a spectral break between the IR and radio bands. Thus, Wgg|yes found for the full SED. In addition, while we allowed
fit the SED with a mlodell consisting of a broken power-law T, to be a free parameter, we did not allow this part of the
(bknpower) and adi ski r component. Théoknpower broken power-law to be steeper thes= 2. While the lower
component provides all of the emission in the radio band, andjjmit on Eoreak IS Unchanged, the upper limit moves higher,

we fix the power-law index below the break energ £z ; - 5 3
to T'; = 0.7. The index above the breaky) is left as a free g?edp;/(?sl}sjiebsleés high dyreaic= 6.5 x 10°°keV (16 x 10°Hz)

parameter, and we find that the best fit model has a strong con-
tribution from thebknpower abovex20keV. As described

above, the GSO data require a cutoff, and we multiplied the 3:2. X-ray Timing
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FiG. 8.—(a) The radio to hard X-ray spectral energy distribution for . .
Swift J17£(33).5—0127. The model isya groken powgr){IaW withgdohi Z_hang, ann & Chaty .2010)’ we have obtained radio detec-
energy cutoff (dash-dotted line) anddaski r component, which ~ tions at nine frequencies, included UV coverage, and used
we have divided into its thermal component (dashed line)itnd & combination of seven X-ray spectra, covering 0.5keV to
Comptonization component (dotted line). The points aredeoed- ~ 240keV. Here, we discuss three main topics: 1. the implica-
dened, and we ugg(B-V) = 0.45 andNy = 2.84x 10? cm? forthe  tions of the constraint onyreakfor the compact jet properties;
model. The solid line is the sum of the componer(ts. The same 2. what we can infer about the properties of the opticallgkhi
data and model after dereddeniifg. The same data and model mul-  accretion disk; and 3. the possible origins of the high-gner
tiplied by energy. emission components.

We made power spectra using thauzaku/XIS and For all these topics, it is useful to estimate the luminosfty
Swift/XRT data. XIS has a larger effective area and the expo- Swift J1753.5-0127 during these observations. For the mode
sure time is much longer than XRT, so the statistical quadity shown in Figure 8, the absorbed flux over the full energy band
much better. However, the XRT data are useful because of thecovered (2< 108keV to 240keV) is 125x 10° ergcm?s™2.
higher time resolution. There is good agreement between theAlthough there is uncertainty about the break frequency of
two power spectra in the frequency region where they over-the broken power-law, this leads to very little uncertaiinty
lap (see Figure 9), but precise agreement is not expected duéhe flux since essentially all of the flux is above 1eV. The
to the different times being covered and the slightly défeér ~ unabsorbed flux is .21 x 10°%ergecm?s™? in the 1eV to
energy bandpasses. Thus, we fitted the power spectra sep@40keV band, and this represents the bolometric flux. This
rately. For XIS, we used a zero-centered Lorentzian and ajs for the model in Table 6, but the unabsorbed flux for the
power-law at low frequencies. For XRT, the zero-centered di ski r +r ef | i onx model shown in Table 5 gives an un-
Lorentzian is sufficient. The parameters are shown in Taple 7 ahsorbed flux of 38x 10 ergcn?s™® due to the lower col-
and the fractional rms of the Lorentzians are 27433@% for umn density_ Using the average of these two unabsorbed
XIS and 22%t2% for XRT, which is consistent with the rel- fluxes, the bolometric luminosity is.2x 10% dZergs?,

atively high levels of variability expected for the hardtsta whereds is the distance to the source in units of 3kpc. For

The full-width at half-maximum (FWHM) of the Lorentzians 5 pjack hole mass of 5M, this corresponds to an Eddington-
are 0220+ 0.005Hz for XIS and B3+ 0.07 Hz for XRT. In scaled luminosity of 0.419%2 M!, whereMs is the black

previous work on timing analysis of Swift J1753.5-0127 (So- : :
leri et al. 2013; Kalamkar et al. 2015), the Lorentzian fitsave hole mass in units of 5.
characterized by the frequency where the power spectrum is

maximal when plotted as frequency times rms powgfaf) 41 The Compact Jet and the Break Frequency

as shown in Figure 9. For XIS and XRT, the values/gfx ~We are able to obtain a constraint ogeax because of the
are 0110+ 0.003Hz and QL6+ 0.04 Hz, respectively. rising and well constrained radio spectrum= 0.29+ 0.05)
along with the fact that the spectrum rises fré@band to
4. DISCUSSION higher frequencies. Without considering the X-rays, we find

In this work, we have performed detailed spectral fits to the that vpreak < 1.6 x 10'3Hz (logupreakz < 13.2). If the jet
most complete SED that has been obtained for Swift J1753.5-does contribute to the X-rays, thefea < 3.6 x 10?Hz
0127 to date. While previous multi-wavelength studies &f th  (Iogupreakrz < 12.6). A study of 16upeax measurements or
source that included radio measurements have covered thémits for nine black hole systems in the hard state found
radio, near-IR, optical, and X-ray (Cadolle Bel et al. 2007; mostly higher values than the Swift J1753.5-0127 upper lim-
Durant et al. 2009; Reynolds et al. 2010; Soleri et al. 2010;its (Russell et al. 2013a). For the measurements, the me-
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dian value of logpreakH; is 13.68, and the values range B~ 3x10°“G andR~ 10°°cm duringthe decay. Thus, the
from 12.65 (for XTE J1118+480) to 14.26 (for GX 339- ranges oB=1.8 x 10-9.6 x 103 d§0-21G andR=4.6 x 10%—

4 and v404 Cyg). When limits are also considered, there 1 5, 101 d9954cm that we derive for Swift J1753.5-0127
are still only two measurements that are as low as the valueare |argely consistent with the range of values previously d
found for Swift J1753.5-0127: l0gyeaxn; = 1265+0.08for  termined for these two sources. The best agreement in the jet
XTE J1118+480 anec13.13 fo_r GX 339-4. properties between Swift J1753.5-0127 and GX 339—4 and
While relatively low, the singlevyeak measurement for — \aX| J1836-194 (during decay) occurs if the actual value of

Swift J1753.5-0127 does not necessarily indicate anything,, . for Swift J1753.5-0127 is close to the upper end of the
unusual about the system itself. Multiple measurements ofrange of possible values.

individual systems show significant changes for GX 339-4,
XTE J1118+480, MAXI J1836-194, and MAXI J1659-152 ; ; ; :
(Gandhi et al. 2011; Russell et al. 2013a,b; van der Horst 4'2'_ The Optically Thick Accretion Disk
et al. 2013). For GX 339-4, Gandhi et al. (2011) found that Here, we discuss the spectral components that can be mod-
vpreak changed by a factor of-10 in less than a day. For €led asthermal emission and the implications for the ofyica
MAXI| J1836-194, six measurements over a period of less thick accretion disk. First, we discuss the near-IR to UV eom
than two months showed changes in lggaxH, from close ponent that is consistent with a multi-temperature disk ehod
to 11 to close to 14 while the source changed X-ray luminos- with KT, = 2841 eV. Then, we consider the possibility of a
ity and hardness (Russell et al. 2013b, 2014), and the high-second thermal component in the soft X-ray band With ~
est value ofuyreax OCCUrred when the source was at its low- 150eV.
est X-ray luminosity with its hardest X-ray spectrum. The Our spectral model assumes that the near-IR to UV emis-
Swift J1753.5-0127 measurements occurred when the specsion is strongly dominated by a disk component, and it is
trum was hard and the X-ray luminosity was low; thus, it may worthwhile to consider how secure this assumption is. We
not follow the same trend as MAXI J1836—194. However, this know that at least a large fraction of the emission comes from
is not surprising since the larger source sample studiedsa R the disk because of the double-peaked emission lines that ar
sell et al. (2013a) did not show any evidence for a corrafatio seen in this bandpass (Froning et al. 2014, Neustroev et al.
between X-ray luminosity anchreax 2014; Rahoui et al., submitted to ApJ). However, Neustroev
In the canonical model for compact jets (Blandford & et al. (2014) also find a weak emission line and two weak
Konigl 1979), the jet spectrum is composed of a superposi-absorption lines (all three unidentified) in the optical,ievh
tion of synchrotron components with a continuum of peak they interpret as coming from the companion star. If this in-
frequencies due to changing optical depth. The synchrotronterpretation is correct (and we note that the fiducial blauik h
spectrum from each region depends primarily on the magneticmass and source distance that we use in this paper depend on
field strength and also on the radial size of the jet. The vallue it), then it requires some contribution from the companion i
Uhreakdepends on both the magnetic field and the radial size ofthe optical. Without X-ray irradiation, the emission frohet
the jet in its acceleration zone, which is close to the basieeof ~ companion would be negligible: a blackbody with a temper-
jet. To place constraints on these quantit@sfdR), we use ature of 3000K (Neustroev et al. 2014), a radius equal to the
equations 1 and 2 from Gandhi et al. (2011), which are basedcompanion’s Roche lobe size of6B x 10'%cm, and a dis-
on a single-zone cylindrical approximation (Chaty, Dubus & tance of 3 kpc has a flux that is two orders of magnitude lower
Raichoor 2011). We estimate the upper limitBusing the than the measured flux in the near-IR and three orders of mag-
parameters from the full SED fit (see Table 6). The input pa- nitude lower in the optical. Thus, the temperature of tha-irr
rameters to the equations algeax< 3.6 x 10'?Hz, the flux at diated side of the companion must be significantly hotter for
3.6 x 10'2Hz, which is 1.42 mJy, and the slope of the power- there to b_e a contribution to the optipal flux. However, the
law aboverpeax To determine the slope, we fixegeax to cruc;lal point is that even if the thre_e lines are from the com-
3.6 x 10*2Hz, refit the SED, and found a value of 1.4, which Panion, they are extremely weak in comparison to the very
corresponds tex = —0.4. The upper limit on the magnetic Strong double-peaked lines from the disk, indicating that t
field strength in the acceleration zonis: 2.4 x 10° d;®% G disk emission is much stronger than any potential contidiut

; from the companion.
0.936
and R > 1.8 x 10° d3®**cm. If we do not consider the ¢ possibility that we cannot completely rule out is that

X-rays, vpreak < 1.6 x 10'°Hz, the flux at 16 x 10°Hz i there are additional components from the compact jet. The
2.18mJy, and the slope of the power-law aboy@akis as-  proken power-law emission represents the post-shock syn-
sumed to be 2¢( = 1), givingB < 9.6 x 10° d;>**G and  chrotron component. While this is the only component that
R> 4.6 x 10® d3°5*cm. Also, from the radio alone, we know has been seen in SEDs of accreting black holes that is widely
that vpreak > 2.5 x 101°Hz, and the flux at this frequency is accepted as emission from the compact jet, theoretical jet
0.34mJy. Assuming = —1, we deriveB > 18 d;®2LG and models indicate that pre-shock synchrotron can be relgtive
R< 1.2 x 101 d2%4cm, brightin the optical and UV (Markoff, Nowak & Wilms 2005;

Two examples of hard state black hole systems for wBich Eorr:ﬁn etal. %(.)IQ[S;tr'\]/H?Irilari %t al. 2007; I\/Itai(';ra etal. Z(t)ok?)t
andR have been previously calculated using this same tech- nf[)h er IOt(_)SSII ity that has eerr: s':Jgges €d as afcon rnbuto
nique are GX 339-4 (Gandhi et al. 2011) and MAXI J1836— 0 tN€ oplical emission IS Synchrotron emission from non-

1o (Rl ol 2018) For CX 354, e Qs ST Sectons o e ot actnfow o, e colors
were estimated to bB ~ 1.5 x 10°G andR ~ 2.5 x 10°cm. p P y

For MAXI J1836-194 estimates f@ andR were obtained ported for Swift J1753.5-0127 (Durant et al. 2008, 20114, an

for three hard state observations: one during the rise ofitn o it was shown that it could be explained if the optical emis-

burst and two during outburst decay. Figure 6 of Russell.et al sion had components from the disk and the corona (veled-
(2014) showsB ~ 10? G andR ~ 102 ¢m during the rise and ina, Poutanen & Vurm 2011). The coronal contribution to the

cross-correlation function has been observed to vary saher
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with the strength of the disk (Hynes et al. 2009). Rahoui et culation as performed for the near-IR to UV component, we
al. (submitted to ApJ) show that Swift J1753.5-0127 had a obtainR, =5Ry for f =1 andRj, = 14Ry for f = 1.7, suggest-
strong and likely dominant thermal disk component in obser- ing that this component could come from a disk that extends
vations taken a few months after ot svhich would suggest  close to the ISCO. The presence of two thermal components
a relatively weak coronal contribution to the optical dgrin in the SED of Swift J1753.5-0127 has been previously re-
our observations. ported (Chiang et al. 2010), and potential physical intrpr
With the caveats about the possibility of a fractional con- tations are discussed in that work. It has been shown that
tribution from pre-shock synchrotron emission or the caron a small inner optically thick accretion disk can form due to
we can compare the parameters of the thermal near-IR to UVcondensation of material from the corona (Liu et al. 2007;
component to previous studies of Swift J1753.5-0127 SEDsMeyer, Liu & Meyer-Hofmeister 2007; Taam et al. 2008),
where this component has also been modeled as thermal emisand Chiang et al. (2010) consider this possibility as well as
sion (Zhang, Yuan & Chaty 2010; Froning et al. 2014). From a scenario where strong irradiation at the inner edge ofra tru
Tables 5 (last two columns% and 6, the valuedNgyp, are cated disk distorts the temperature profile. For the inngk di
(5.5718) x 107, (8.2"%2) x 107, and (90:8%) x 10". Using  possibility, it has been predicted that the inner disk castex
Equation 1, these values imply strongly truncated disks. Asdown toL/Lgqq~ 0.1% and then completely evaporate below
before, we assumilgy = 5Mg, d = 3kpc, and =40°. To this level (Taam et al. 2008). Thus, given the luminosity of
determine the lower limits on the inner disk radii, we as- Swift J1753.5-0127 during our observatitn (ggq~ 0.4%),
sumef =1, and the values afg, > 227R;, > 212Ry, and the presence of an inner disk is predicted.
> 409R,. While previous studies have mostly assumed a As previously mentioned, the luminosity at the time of our
larger distance to Swift J1753.5-0127, this would make the observation of Swift J1753.5—-0127 was close to the lowest
values ofRy, larger. Froning et al. (2014) modeled a near-IR level since the source was discovered, but it was only a fac-
to UV SED and determined th&, needed to be> 100Ry tor of a few times lower than the highest levels seen over the
to avoid overpredicting the simultaneously measured X-ray past several years (see Figure 1). The X-ray power spectrum
spectrum. Zhang, Yuan & Chaty (2010) used a self-consistentalso suggests that the properties during our observatioa we
model with optically thick disk emission, jet emission, amd at one end of a continuum as opposed to requiring some ma-
Comptonization component, and they were able to fit a radiojor overall change in the system. Soleri et al. (2013) report
to hard X-ray SED wittR, = 500R,. Zhang, Yuan & Chaty  on timing analysis of 6Rossi X-ray Timing Explorer (RXTE)
(2010) assumed different values thrMgy, andi, and if we observations of Swift J1753.5-0127 during 2009 and 2010.
recalculate theiR, using the values we adopt, the result is While the comparison to our observation is somewhat com-
Rin = 350Ry. While the precise value d&, is likely to vary plicated by the fact that most of tHeXTE observations re-
in time, all of these measurements suggest that the near-IR t quired two Lorentzian components, fifteen of the power spec-
UV component comes from a strongly truncated disk. tra were fitted with a single Lorentzian, allowing for a direc
The spectral fits also constrain the outer disk radius baseccomparison. For those cases, the values.@k range from
on the parameter lo@6u;/Rin) = 2.31733§ (see Table 6). For  0.18 Hz to 3.18 Hz. Thus, oBuzaku andSwift measurements
Ngiskob = 9 x 107 (the best fit value), we calculaRyy = 6.6 x 0f 0.110+0.003Hz and Q16+ 0.04 Hz, respectively, are only
10cm. We compare this value to the system parameters reSlightly lower than the Soleri et al. (2013) measurements.
ported by Neustroev et al. (2014), where they determine that
the binary separation ia < 1.1 x 10*cm, and the size of 4.3. The Origin of the X-ray Emission

the black hole’s Roche lobe isT7x 10*°cm. A filling frac- A major question in recent years concerns how much of the
tion of 90% is typically assumed for an accretion disk, which X-ray emission can be attributed to the compact jet. In the
would result in a predicted disk size 0f46x 10'°cm, which model of Markoff, Nowak & Wilms (2005), the jet can pro-
is in excellent agreement with our measurement. Although it duce X-rays via post-shock synchrotron emission, which can
will be important to confirm the system parameters with ra- be modeled as the broken power-law that we use in our fits,
dial velocity measurements of the companion star when theor synchrotron self-Compton (SSC) from the base of the jet,
source is in quiescence (if it is bright enough), we see thiswhich can contribute in the hard X-ray band. The SEDs of
Rout comparison as another piece of evidence that the near-IRGX 339-4, GRO J1655-40, and XTE J1118+480 allow for
to UV componentis strongly dominated by emission from the the possibility that all the soft X-ray emission comes from
accretion disk. the post-shock synchrotron component (Markoff, Nowak &
The 150 eV componentis marginally significantin the XRT Wilms 2005; Migliari et al. 2007; Maitra et al. 2009). For
spectrum, and it is not detected when the XIS data are in-Swift J1753.5-0127, Figure 8 shows that such a scenario is
cluded. However, for previous observations of Swift J1853.  ruled out, and a Comptonization component is strongly re-
0127, the presence of a 0.1-0.4keV thermal componentquired by the data.
was well-established from spectral (see references iridpect The question of what makes Swift J1753.5-0127 different
3.1.3) and timing (Uttley et al. 2011) measurements. Evenis directly relevant to the question of what is different abo
though our 2014 April observation is at a moderately lower the outliers in the X-ray/radio correlation. Although one
X-ray flux level (only a factor of 2-3 lower than the ma- possibility is that Swift J1753.5-0127 has a stronger Comp-
jority of the previous observations), seeing a weak thermal tonization componentin the X-rays, another possibilitthist
component in the X-ray band is not surprising. If we use it has a weaker radio jet. In Section 4.1, we showed that the
Ngiskob = 1.1 x 10* and carry out the same inner radius cal- highest possible peak flux for the Swift J1753.5-0127 bro-
ken power-law component is 2.18 mJy. This corresponds to

25 The Rahoui et al. (submitted to ApJ) observations were madz0a4 a specific (peak) luminosity of.2 x 1019d§ erg SlHZz at

August 16 (MJD 56885), and the X-ray light curves shown iruégl do not _ 3 .
show any major change between April and August. preak = 1.6 x 10" Hz. Russell et al. (2013a) give 15 peak

luminosities for nine hard state black hole systems, and the
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values range from.7 x 10'°to 1.9 x 10°?erg s* Hz™* with a hole systems, which have values @fbetween —0.68 and —
median value of 2 x 10°*erg st Hz . Thus, assumingadis- 1.38 (Russell et al. 2013a). Such a hard spectrum also re-
tance of 3 kpc, the peak jet luminosity for Swift J1753.5-D12 quires that the spectrum is sharply cutoff to explain thejste
is 50 times lower than the median and 3 times lower than theSuzaku/GSO spectrum, and the exponential cutoff wih; =
least luminous system. The distance to Swift J1753.5-012720+ 3keV andEwq = 1423i%keV is probably inconsistent
would need to be 5-6 kpc to to move the Swift J1753.5-0127with the more gradual cutoff predicted for a synchrotrorcspe
peak jet luminosity close to the least luminous system, fwhic trum (Zdziarski et al. 2003). A third possibility that was me
is conceivable, but it would need to b&21 kpc to make the  tioned above but not specifically considered in our spectral
Swift J1753.5-0127 comparable with the median peak jet lu- modeling is that the extra hard X-ray component is due to
minosity, which can be ruled out. SSC emission from the base of the jet. Fits with the Markoff,
We made a second radio luminosity comparison by inte- Nowak & Wilms (2005) compact jet model are beyond the
grating the radio power-law measurements for Swift J1753.5 scope of this paper, but it would be interesting to use our SED
0127 and the black hole sources from Russell et al. (2013a}o test this model in future work.
up to vpreak FOr Swift J1753.5-0127, the luminosity up Finally, we have considered whether any of our conclusions
to 16 x 10°Hz is 31 x 10%diergs®. For the sources might be affected by day-to-day source variability giveatth
from Russell et al. (2013a), not all 15 of the SEDs are high the observations we use for the full SED cove?.8 days
enough quality to make a reliable luminosity determination from the Ks-band observation to the VLA observation (al-
There was sufficient information to calculate ten luminosi- though most of the measurements for the SED come from
ties for eight sources. These ranged fror@ 1 1033 ergs? a smaller span of times). Figure 2 shows that there is little
for XTE J1118+480 and .2 x 103¥3ergs? for Cyg X-1 to day-to-day variability in the optical and near-IR during th
1.1 x 10%%ergs? for GS 1354-64 and.3 x 10%¢erg s? for pam[]zaslgr]f, %r‘l‘%héss'sgfg?'?tem Vé';[]h prewolusz g)ln?%-titlmﬁ h
V404 Cyg. The median value isllx 10%%ergs?, and the €S Of Swilt - e.g., Shaw et al. 2013). Also, the
distancg?o Swift J1753.5-0127 is certainly %ot large ehoug SUZ2KU/XIS observations show day-to-day stability in the soft
for the luminosity to approach that value. Thus, the low Iu- X-ray flux. Itis alittle less clear whether there are chariges
minosity radio jet may be at least part of the reason why the radio and IR compact jet spectrum as other black hole sys-
Swift J1753.5-0127 is an outlier. tems have shown significant changes in the break frequency
While the Swift J1753.5-0127 SED is consistent with On time scales of a day as discussed in Section 4.1. We al-
Comptonization being dominant at soft X-rays, our results '6ady consider a large range of break frequencies; thus, the
show that multiple components are required to explain the CONClUSions that there is a separate thermal componengin th
entire 0.5-240keV X-ray spectrum. In our spectral fits, we N€ar-IR to UV and that a Comptonization component is re-
considered a reflection component or the post-shock syn-duired in the soft X-ray should not be affected. However, the
chrotron component. Figure 7 illustrates the reflection-pos duestion of whether the extra hard X-ray component comes
sibility, and such a scenario is consistent with our overall ffom the compact jet depends very sensitively on the break
picture for the system. The outer optically thick disk could fréguency and spectral slope. To reach a definitive cormiusi
produce a weak({/2r = 0.20) reflection component, and it © the origin of the hard X-ray emission may require simulta-
would be expected to have a low ionization, which is consis- N€0US radio and hard X-ray monitoring.
tent with ¢ = 5.033ergcm 1. While an iron line detection 5. SUMMARY AND CONCLUSIONS
would be strong evidence in favor of the reflection interpret We have obtained radio, near-IR, optical, UV, and
tion, there is noiron line in the Swift J1753.5-0127 spectru X-ray coverage for the long-term black hole transient

but we find that it is possible to explain the lack of an iron g\itt 31753.5-0127 in 2014 April when the source was in
line with an iron abundance of 83+ 0.09 of the solar value.  ine hard state at one of its lowest X-ray luminosities (2

This iron abundance may be problematic for the reflection in- 10° d2 ergsY) since the discovery of the source. We per-

terpretation, but we do not think that it is low enough to rule formed fitting of the broadband energy spectrum as well as

it Ogt'l }{/r\]/ethave also c0n5|dhe_r?]d(;che ffiCt Fhatt_ th'? Is the (;nlythe X-ray power spectrum. We obtain results concerning the
model that requires a very high Lomptonization temperature., nact jet, the optically thick accretion disk, and theyiori

(KTe > 429 keV). This occurs because the reflection COMPO- ¢ yhe x-ray emission, which is also relevant for the questio

nent falls at high energies, allowing the overall model tthiit : . : v : g
steeperSuzaku/GSO spectrum without an exponential cutoff ﬁ;x\’hy Swift J1753.5-0127 s a radio/X-ray correlation out

in the direct model. This electron temperature is highentha With the combination of the rising radio spectrum, and the
has been inferred from measurements of other accreting blac ;.. i the near-IRsyreaxis constrained for the post-shock syn-

holes in the higher luminosity parts of their hard statedctvh chrotron component of the compact iet. and this provides con
are typically in the 50-120keV range (Poutanen & Veledina g »intg ong apndR for the jet ac?celejrafion zone.pWhiIe the

2014, and references therein). However, it is predictet tha : ;
kTe should increase to hundre?:is of keV in the IoE)/ver luminos- post-shock synchrotron component may contribute in hard X-
e rays, the soft X-ray flux is far too high to be part of this com-

ity parts of the hard state (Gardner & Done 2013). Thus, theponent, which we model with a Comptonization component.

lack of an iron line is the strongest reason to disfavor the re g,qeq on this result, Swift J1753.5-0127 appears to be an out
fle_?ﬂon pogs:bm;[]y, bu:r;chlshscgn;no IS not rgled tOUt' t-shockler because of the combination of a strong Comptonization
ﬁ ”;O el where the a'r:_ -rayés F']are thue 8 pof -S 0‘]2 component and a jet with peak and broadband luminosities
synchrotron emission (see Figure 6) has the advantage of &jqnificantly lower than is seen for other black hole systems
much more typical electron temperatukdy> 33 keV)'O%? The low jet luminosity and the low extinction for
the other h(?zr;d, the slope of the power-laW= 133%535  gwift J1753.5-0127 appear to provide an opportunity to
(o = ~0.33%553), while not unreasonable for optically thin clearly see emission components that may be too weak or too
synchrotron emission, is harder than is seen for other blackabsorbed to see in other systems. The double-peaked emis-
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sion lines (Froning et al. 2014; Neustroev et al. 2014; Rahou Technology, managed by the Jet Propulsion Laboratory, and
et al., submitted to ApJ) clearly show that the near-IR to UV funded by the National Aeronautics and Space Administra-
spectrum has at least a strong (likely dominant) thermél dis tion. We thank théNuSTAR Operations, Software and Cali-
component. Further evidence that the near-IR is dominatedbration teams for support with the execution and analysis of
by thermal disk emission is that the component can be mod-these observations. This research has made use diuBe
eled by a disk with an outer radius B,/ Ry = 90,000d3 Mzt TAR Data Analysis Software (NuSTARDAS) jointly devel-
(Rout = 6.6 x 10°d3 cm), consistent with the expected size of OP€d by the ASI Science Data Center (ASDC, ltaly) and the
the disk given previous measurements of the size of the com-California Institute of Technology (USA). The PS1 Surveys
panion’s Roche lobe. The fact that this component does notlave been made possible through contributions of the instit
contribute in the X-ray band constrains the inner radiussto b fOr Astronomy, the University of Hawaii, the Pan-STARRS
Rn/Ry > 212d; Mz, While this implies that the near-IR to Project Office, the Max-Planck Society and its participgtin
UV emission comes from a strongly truncated disk, there is institutes, the Max Planck Institute for Astronomy, Heidel
also some evidence for a weak 150 eV thermal component in2€"d and the Max Planck Institute for Extraterrestrial Rtg(s
the soft X-rays, and its inner radius could be as small as 5-°arching, The Johns Hopkins University, Durham Univer-
14R,. The presence of two thermal components could pro- S: the University of Edinburgh, Queen’s University B,
vide support for predictions that low luminosity systemsyma the Harvard-Smithsonian Center for Astrophysics, and the

. : : ; ; ; Las Cumbres Observatory Global Telescope Network, Incor-
rr}]ai\:j/glgr?ner and outer optically thick disks with a gap in the porated, the National Central University of Taiwan, and the

; ; it .« » National Aeronautics and Space Administration under Grant
Finally, we have considered the possibility that there is a : X .
reflection component in the spectrum. In the presence ofNO. NNXOBAR22G issued through the Planetary Science Di-

strong hard X-rays, one expects to see a reflection compo—V'S'on of the NASA Science Mission Directorate. JAT ac-

d ; ; knowledges partial support from NASA und8wift Guest
nent from the optically thick material. The hard X-ray spec-
trum is consistent with the presence of a reflection compo-ObserVer grants NNX13AJ81G and NNX14ACS6G. SC ac-

; Co PN knowledges the financial support from the UnivEarthS Labex
2%%4212% (r:lr(])q_;r;)‘_rll)IIgr?dI?Osve;c:%egﬁhg'l;?aec':%vr\:Sg}gl;a:tlgnzz)( programme of Sorbonne Paris Cité (ANR-10-LABX-0023
would favor the possibility that this component comes from ZrllldRAl'\lzRélsldlsD&égoos'oz)’ gnt? frﬁméhe Cr';'gos prog]eﬁlt
the outer optically thick disk. If reflection is the causeloét 7NV +4- - Supported by the French Research Na-
second hard X-ray component, then invoking the jet to ex- ional Agency. JMJ is supported by an Australian Research
plain the extra hard X-ray emission (see Figure 8) may not peCouncil (ARC) Future Fellowship (FT140101082) and also

required.
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Multiwavelength Observations of Swift J1753.5-0127

TABLE 1
OBSERVINGLOG AND EXPOSURETIMES
Start Time (UT) End Time (UT) Exposure
Mission Instrument Energy/Filter ObsID (in 2014) (in 2014) (s)
Radio

VLA — 4-8GHz — Apr5,11.00h  Apr5,13.00 h 1518

VLA — 18-26 GHz — " " 1746

AMI — 12-17.9GHz — Apr4,3.07h Apr4,7.56 h 16,164

AMI — 12-17.9GHz —_ Apr5,2.67h Apr5,7.64h 17,892

Near-IR to UV

Kanata HONIR BN1JIKs — Apr2,17.3h Apr7,19.2h  seetext and Table 2

SLT u42 gili’'iz — Apr3,9.1h Apr5,11.0h 180

Swift uvoT \Y 00080730001 Apr5,0.4h Apr5,5.4h 182

Swift uvoT b 00080730001 " " 182

Swift uvoT u 00080730001 " " 182

Swift uvoT uwwl 00080730001 " " 364

Swift uvoT uvm2 00080730001 591

Swift UvoT uw2 00080730001 731

X-ray

Swift XRT 0.5-10keV 00080730001 Apr5,0.4h Apr5,5.4h 2,372
Suzaku X1S0/1/3 1.2-12keV 409051010 Apr3,17.65h  Apr5,10.69 h 759,
NuSTAR  FPMA/B 3-79keV 80002021003 Apr4,21.35h  Apr5,12.69h 68,03
Suzaku  HXD/PIN 13-65 keV 409051010 Apr3,17.65h  Apr5,10.69 h 5@,43
Suzaku HXD/GSO  50-240keV 409051010 Apr3,17.65h  Apr5,10.69 h 30,4

aEach exposure listed in Table 3 was 180s.
TABLE 2

LoG oOFKANATA/HONIR OBSERVATIONS

Epoch Filter MJD Exposure (s)

1 \ 56749.7221 136
1 J 56749.7232 120
1 Ks 56749.7302 60

1 B 56749.7405 75

3 J 56751.7170 120
3 \Y 56751.7173 136
5 J 56754.8052 120
5 \ 56754.8059 136

15
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TABLE 3
LoG OFSLT/U42 OBSERVATIONS
Times ofg’ Times ofr’ Times ofi’ Times ofZ
Exposures Exposures Exposures Exposures
Epoch (MJD-56750) (MJD-56750) (MJD-56750) (MJD-56750)

2 0.3789 0.3806 0.3822 0.3839
2 0.3856 0.3872 0.3889 0.3905
2 0.3922 0.3938 0.3955 0.3971
2 0.3987 0.4004 0.4020 0.4037
2 0.4054 0.4070 0.4087 0.4103
2 0.4120 0.4136 0.4153 0.4169
2 0.4186 0.4202 0.4219 0.4235
2 0.4252 0.4268 0.4285 0.4301
2 0.4318 0.4334 0.4351 0.4367
2 0.4384 0.4400 0.4417 0.4433
2 0.4450 0.4466 0.4483 0.4499
2 0.4516 0.4532 0.4549 0.4566
3 1.7601 1.7578 1.7624 1.7647
3 1.7695 1.7672 1.7718 1.7741
3 1.7789 1.7766 1.7812 1.7835
3 1.7883 1.7860 1.7906 1.7929
3 1.7977 1.7954 1.8000 1.8023
3 1.8071 1.8048 1.8094 1.8117
3 1.8165 1.8142 1.8188 1.8211
3 1.8259 1.8236 1.8282 1.8305
3 1.8354 1.8330 1.8377 1.8400
3 1.8450 1.8428 1.8474 1.8498
3 1.8545 1.8523 1.8569 1.8592
3 1.8641 1.8617 1.8664 —

4 2.3799 2.3816 2.3833 2.3849
4 2.3866 2.3882 2.3899 2.3915
4 2.3932 2.3948 2.3965 2.3981
4 2.3998 2.4014 2.4031 2.4047
4 2.4064 2.4081 2.4097 2.4114
4 2.4130 2.4147 2.4163 2.4180
4 2.4196 2.4213 2.4229 2.4245
4 2.4262 2.4279 2.4295 24311
4 2.4328 2.4345 2.4361 2.4378
4 2.4394 2.4411 2.4427 2.4444
4 2.4460 2.4477 2.4493 2.4510
4 2.4526 2.4543 2.4560 2.4576




Multiwavelength Observations of Swift J1753.5-0127

TABLE 4
PARAMETERS FORX-RAY SPECTRALFITS
Parameter Units pegpw | w  highecut* highecut* highecut* highecut*
pegpw lw  pegpw | w+ pegpw | w+  pegpwr | w+
di skbb reflionx di skbb+
reflionx
NH 10?tem™ 2.014+0.05 20140.06 23540.11 2604 0.09 2514+0.13
r Photon index 77224+0.003 1721+0.003 1699+0.005 17744+0.006 1738+0.015
Flux@ 102ergcm?s™? 253+3 25343 253+ 4 25443 253+ 4
Ecut keV — 6626 60112 6834 6729
Efold keV — 2178 209328 >411 261218
KTin keV — — 067593 — 0.67+0.06
Niskbb — — — 38t — 2147
13 ergcm st — — — <5.3 <11
Fe/solar — — — — (28+0.08 047521
Nref 10 — — — 41793 2229
Q)27 — — — — 0.20 0.12
CxrT — 1.0 1.0 1.0 1.0 1.0
Cxiso3 — 1.064+0.01 106+0.01 104+0.01 104+0.01 104+0.01
Cxis1 — 0.97+0.01 097+0.01 095+0.01 095+0.01 095+0.01
Cepma — 1.08+0.01 108+0.01 107+0.01 106+0.01 106+0.01
CrpmB — 1.10+0.01 110+0.01 108+0.01 108+0.01 108+0.01
Cpin — 1.314+0.02 1314+0.02 126+0.02 1254+0.01 1254+0.02
Ceso — 1.054+0.06 1194+0.08 1144+0.09 1164+0.07 1174+0.08
x2/dof — 2990/2143 2970/2141 2751/2139 2715/2138 2699/2136
aunabsorbed 2-10 keV, power-law only
TABLES
PARAMETERS FORNEAR-IR, OPTICAL, UV, AND X-RAY SPECTRALFITS
Parameter Units di skir di skir+ di skir+
hi ghecut * reflionx
pegpw | w
E(B-V) — 0.48 0.48 0.48
Ni 107 cm? 2084+0.05 2834010  26040.08
di skir
KTin ev 128 297 29+5
Naiskbb 10 875y 8.22 55738
r Photon index 734+0003 190+£0.07 177740.006
KTe keV >60 >35 >429
Le/Ld — 4.2:24 0.7740.17 24+06
fin — 0.1 0.2 0.2
irr — 1.8 1.2 1.2
fout — 0.¢% 0.¢% 0.¢%
I0gFout log (Rout/Rin) 1.835% 23393 25903
hi ghecut *pegpwr | w
r 2nd Photon index — B37% —
Flu®  10*2ergcm?s™ — 6835 —
Ecut keV — 212 —
Ef0|d keV —_ 15]:22 —_—
reflionx
¢ ergcms! — — 5.0%3
Fe/solar — — — B3+ 0.09
Efol keV — — >507
Nrefl 10 — — 0.78'522
Q/2r — — — 0.20
CxrT — 1.0 1.0 1.0
Cxisos — 1.06+0.02 104+0.01 10440.01
Cxist — 0.9740.01 0944 0.01 095+ 0.01
Crpma — 1.08+0.01 106+ 0.01 107+ 0.01
Crpve — 1.09+0.01 107+ 0.01 108+ 0.01
Cein — 1.30+0.02 125+0.02 1264 0.02
Ceso — 1179958 1164007  12340.07
x°/dof — 2963/2152 2765/2148 2769/2148

2Fixed.

bunabsorbed 2—10 keV, power-law only
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TABLE 6
PARAMETERS FORSED FATs
Parameter Units Value
E(B-V) — 0.4%
Ny 10t cm2 2.8440.11
di skir
KTin eV 2821
Naiskbb 107 9.078%,

r Photon index 00+ 0.02
KTe keV >33
Le/Lg — 0.820%
fin — 0.2
Firr — 1.12
fout — 0.0%
logrout log (Rout/Rin) 2.31:00¢
hi ghecut * bknpower

T Below Epyeak 0.7
T, Above Epreak 1.337219
Epreak 108 keV 0.1-15
Ubreak Hz 24 x 1019-36 x 102
Normalization phcr?stkeV? at 1keV 64+ 2
Ecut keV 20+3
Efold keV 142110
Cxrr — 1.0
Cxis03 — 1.04+0.01
Cxis1 — 0.94+0.01
Crpma — 1.06+0.01
CrpmB — 1.07+0.01
Crin — 1.254+0.02
Csso — 1.16+0.07
x2/dof — 2768/2156
aFixed.
TABLE 7
PARAMETERS FORPOWER SPECTRUMFITS
Parameter Units Value
Suzaku (Lorentzian plus power-law)
Vmax Hz 0.110+0.003
rms_or — 27.3%+0.2%
Power-law index — 224 0.05
rmsy) 0.0001-1Hz  4.4%:1.4%
x>/dof — 284/191
Swift (Lorentzian)
Vmax Hz 0.16+0.04
rms_or — 22%+2%
x2/dof — 51/42




