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ABSTRACT

We studied time variability and spectral evolution of theld@gtic black hole transient
Swift J174510.8-262411 during the first phase of its outblMy EGRALandSwiftobserva-
tions collected from 2012 September 16 until October 30 Hepen used. The total squared
fractional rms values did not drop below 5% and QPOs, whesgmte were type-C, indicat-
ing that the source never made the transition to the saftimtdiate state. Even though the
source was very bright (up to 1 Crab in hard X-rays), it shoaed called failed outburst as
it never reached the soft state. XRT and IBIS broad band speetll represented by a hybrid
thermal/non-thermal Comptonisation model, showed playparameters characteristic of the
hard and intermediate states. In particular, the derivegbézature of the geometrically thin
disc black body was about 0.6 keV at maximum. We found a cleelirte of the optical depth
of the corona electrons (close to values of 0.1), as well #setotal compactness ratig/ ;.
The hard-to-hard/intermediate state spectral transi$ionainly driven by the increase in the
soft photon flux in the corona, rather than small variatioithe electron heating. This, asso-
ciated with the increasing of the disc temperature, is @@st with a disc moving towards the
compact object scenario, i.e. the truncated-disc modetebieer, this scenario is consistent
with the decreasing fractional squared rms and increaditigeanoise and QPO frequency. In
our final group of observations, we found that the contrdoufrom the non-thermal Comp-
tonisation to the total power supplied to the plasnai® ™02 and that the thermal electrons
cool to kT, < 26 keV.

Keywords: Gamma-rays: general —accretion, accretion discs — bldelphysics — radiation
mechanisms: non-thermal — X-rays: binaries — stars: iddadi. Swift J174510.8-262411
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1 INTRODUCTION

* E-mail:melania@ifc.inaf.it Galactic black-hole binaries (BHB) emit strong<fay radiation
© 2015 RAS when accreting matter from the stellar companion. Most efrth
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are transients, i.e. they spend most of the time in a dim,sgeig

state, displaying X-ray luminosities as low ag k- 103! ergs!, i ‘ e e . 1
spaced out by episodic outbursts during which the sourcew sh E 150 [ . o . ‘. . ]
X-ray luminosities of Ix ~ 10%673° erg s™!. Based on the differ- o i S e 0 * . Sesr ]
ent XA-ray spectral properties, BHBs are known to show different g 100 F ¢ ) . ]
spectral states over their outbursts (Zdziarski & Gieskii2004; o F . ]
McClintock & Remillard 2006). Usually, the spectral variiétly is E 5o ]
interpreted as being due to changes in the geometry of theaten X [ ]
parts of the accretion flow (Zdziarski 2000; Done et al. 2007) r ot | : : .
At the beginning of the outburst, these sources are in thet har ~ _. 150 - '&\ iﬁ
state (HS) with the spectrum roughly described by a domioait 2 [ . ]
off power-law (typically, photon index"” ~1.5 and high energy i 100 - . *\%L 30mJy RF ]
cut-off £yt ~100 keV) and (often) a faint soft thermal compo- % i o |
nent with a black-body temperature kT< 0.3 keV ascribed to B 2 tw oy, B
the emission from an accretion disk truncated at large ntist® 2 50; i ]
from the central BH{100 km; Done et al. 2007). The hard X-ray B of i ]
emission in the HS is believed to originate from thermal Ctamp 80 [ o ]
isation of soft disc-photons in a hot electron cloud (Eardieal. s [ ]
1975] Sunyaev & Titarchulik 1980). Thanks to the large areheof = 60p AN ]
RXTEsatellite, it was observed that the spectral states aredda O T ]
the timing properties (Homan & Belloni 2005; Belloni 201The i or "\' ” E
power density spectrum (PDS) of sources in the hard statbean g ook : i T'E by W, R
decomposed into a number of broad Lorentzian components and @ r ! ]
sometime with type-C quasi periodic oscillations (QPO) Type- ol ' b
C QPOs are characterised by a strong (up to 16% rms), narrow 1'05 A B C D 1
(v/Av ~7-12), and variable peak frequency. A subharmonic and 0.8 ]
a second harmonic peak are sometime seen (Casells et at. 2005 osi k‘ B
Wijnands et al. 1999). Strong band-limited noise compaheuith =T ‘ b
rms values of about 30% are observed and the radio emission in @ 04F ; N oy %M\w we oo 4o W =
cates the presence of a steady compact jet (Fender 2001). [ Z P v S } ]
As the outburst progresses, the X-ray and radio lumingsitie 02 T— E
both increase, but the X-ray colour of the spectrum remaard h 00L ]
(Corbell 2005). Then, the transient BHB evolves into an mger 56180 56190 ~ 56200 56210 56220 56230
diate state at an almost constant flux level with spectradrpar Time (MJD)

ters in between the two main states. The disc black-body Show Figyre 1. From the top: XRT count rate extracted after the pile-upeorr
typical temperatures of kI' ~ 0.3-0.5 keV, while the hard X-  tjon in the energy range 0.3-10 keV (errors are smaller tharsymbols
ray spectra are usually explained with the hybrid therneal/n size); IBIS/ISGRI count rate in the energy range 20-40 kel 40+80 keV,
thermal Comptonisation (e.g. Zdziarski et al. 2004; Dorallet IBIS/ISGRI hardness ratio defined as the ratio of the hardd&ided by the
2007; Del Santo et &l. 2008). Based on quite complex timirgg-ch  soft one. In the panel 2 (from the top), the time of the radiceiaeported
acteristics, Homan & Bellon| (2005) identified two diffeténter- in[Curran et al.1(2014) is marked. In the IBIS HR panel, thequir used
mediate states, namely the HIMS and the soft-intermediatte s  © the joint XRT-IBIS (A, B, C, D) and JEM-X-IBISd, 3, v, §) spectral
(SIMS). Despite slight spectral softening, the PDS beforbafter analysis are indicated.
the HIMS-to-SIMS transition showed significant differeactom
rms values about 10-20% and strong type-C QPOs to much weaker
noise (a few %) and (possibly) type-B QPOs (see Belloni 20t1 f  for non-thermal Comptonisation in small active coronalwag lo-
a recent review). However, based on theyXay spectra of BHBs,  cated above and below the disc (Zdziarski & Gierkifiski 2004
a firm separation between HIMS and SIMS cannot be establishedthis state, the variability is in the form of a weak (down to 1%
since this transition can display different propertiesiffedent out- fractional rms) steep component. Very weak QPOs are sorastim
bursts|(Del Santo et al. 2008, 2009). detected in the 10-30 Hz rande (Bellbni 2010). When the flantst
Thereafter, most BHBs reach the second main state, namelyto decrease a reverse transition occurs until the sourcacis to
soft state (SS), which is characterised by a thermal comypne the HS then to quiescence.
i.e. the multi-color bIaCk-body emission from an accretidinc Despite the genera| pa’[tern followed during most of the out-
(Shakura & Sunyaev 1973) peaking at a few keV and much softer pyrsts of transient BH binaries, a number of unusual outbpiis
high energy power lawl{ > 2.5) (Zdziarski 2000). In the frame-  which sources do not show soft states, have been observete Th
work of the truncated-disc model, in the SS, the geometyitain are different types of these so called "failed” outburstsuanber
accretion disc is believed to extend down to the innermasilst of sources never leave the HS during the outburst (Brocksbah
circular orbit (ISCCﬂ and it is the source of soft seed photons [2004), while others proceed to an intermediate state be®re
turning to the hard state and quiescence (Capitania et &9;20
Ferrigno et al. 2012; Soleri etlal. 2013). It is worth notihgttsome
1 Note however that a number of papers report on discs rengpiain sources have undergone both canonical outbursts and fauied
the ISCO in hard staté (Miller etlal. 2006: Reis ef al. 2010yriRéds et al. bursts|(Sturner & Shradzr 2005). Since most of the failetunst
2010; Miller et all 2012). are under-luminous, the lack of soft-state transitionsassjbly

© 2015 RAS, MNRASD0Q [1-??
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Table 1.Observations log of the 26 IBIS data-set used for the sgentreelling. Group name (GroudNTEGRALrevolution (Rev), total number of pointings

(Nscw), grouping step of the pointings (Step), effective obsegvime (Obs),

number of spectra obtained in the relatedm(Bub-group), start time and

end time of the 4 groups are showh)The last spectrum, D4, has been obtained by averagingsh&0d4 SCWs.

Group Rev Nscw Step  Obs Sub-group Start End
[ks]

A 1212 30 5 ~ 57 6 2012-09-16T01:15:58  2012-09-17T05:34:09

B 1213-1214 100 10 ~72 10 2012-09-18T17:34:10 2012-09-23T701:02:18

C 1215 60 10 ~43 6 2012-09-24T17:07:31  2012-09-27T04:59:38

D 1216-1224 248 48() ~ 467 4 2012-09-28T09:28:38  2012-10-24T07:38:54
Table 2. Observations log of the JEM-X2 data-set. B8 T T T T T
[ ﬁ ARas ]
Group Rev Nscow Obs x 20l # } e ]
[ks] g% & ]
a 1212 5  ~16 g ; ]
8 1213 13 ~ 43 g 15 N
y 1213-1215 17 ~ 56 c  f :
é 1215-1224 81 ~ 217 [ # ]
1.0 B
[ HHHH
400 - E
connected to a premature decrease of the mass accretiorasate E E
during the 2008 outburst of H1743-322 (Capitanio €t al. 2009 = sooé E
The X-ray source Swift J174510.8-262411 (hereafter ‘;’ E E
SwJ1745) was discovered by the Burst Alert Telescope (BAT; ° F E
Barthelmy et al. 2005) on board tiSaviftsatellite on 2012 Septem- ~ 2005 +++ E
ber 16 (Cummings et al. 2012). Almost simultaneously olesrv 3 L‘ Lo
by the INTEGRALsatellite, SwJ1745 appeared immediately as a 1°°§ S E
bright Galactic BHB, since the 20—40 keV flux increased fradn 6 7\\\\\

mCrab up to 617 mCrab in one day (Vovk etlal. 2012). Soon af-
ter a number of multi-wavelength campaigns, includBwift XRT
(Tomsick et all 2012), were performed. Optical spectrogcamd
photometry inferred an orbital periogd21 h, a companion star
with a spectral type later than A0 and a distance closer thah
kpc (Munoz-Darias et al. 2013). Multi-frequency data froadip
arrays showed that a discrete ejection event occurred éofirtst
time in a "failed” outburst/(Curran et al. 2014; see radiodaindi-
cated in Fig[lL). These events are expected in the intertecstize
when the source crosses the ’'jet-line’ (Fender gt al. [20@Prah
therein). As reported in_ Fender et al. (2009), the time ddamce
of the crossing of the jet line and the HIMS-SIMS transitismot
exact. However, in SwJ1745 the SIMS seems to be never reached
In this paper we present spectral and timing results of twe Ta
get of Opportunity campaigns performed during the first patihe
SwJ1745 outburst, i.e. 1 Ms WitNTEGRAL(P.I.: T. Belloni) and a
number ofSwift XRT pointings (P.l.s: M. Del Santo and B. Sbaruf-
fatti), while the decay of the same outburst (beginning df2ds
reported in Kalemci et al. (2014).

2 OBSERVATIONS AND DATA REDUCTION
2.1 INTEGRAL

We have analysed thiNTEGRAL (Winkler et al.| 2003) data of
SwJ1745 collected in the period 2012 September-October. Th
IBIS (Ubertini et al| 2003) data-set has been obtained seteall
observations including SwJ1745 in a partially coded fieldiefv
(FOV) of 15° x 15° where the instrument response is well known.
This resulted in 438 pointings (Science Window, SCW) fridwa

(© 2015 RAS, MNRASDOQ,[1-??

56190 56200 56210

Time (MJD)

56220 56230

Figure 2. Power-law slope and high energy cut-off evolution of the 26
IBIS/ISGRI spectra.

TEGRALrevolution 1212 up to 1224. THNTEGRALdata anal-
ysis and reduction has been performed with the off-line yanal
sis software, OSA v.10.1 (Goldwurm et al. 2003; Courvoisieal.
2003). After the data reduction and correction (i.e. deanxt}j the
total IBIS/ISGRI (Lebrun et al. 2003) effective observirnme is
roughly 650 ks. The IBIS/ISGRI light curve in the 20—40 ke\dan
40-80 keV bands and the related hardness ratio are showg.in Fi
[I. Spectra by SCW (1.7-3.5 ks of duration) have been exttaicte
62 channels from 20 keV up to 500 keV.

In order to increase the statistics, the 438 spectra wene ave
aged as follows. First, based on the discontinuities in tieeova-
tions we identified 3 groups (A, B and C, see Y. 1, bottomg; th
last group (D) contains all observations (even those thaé wet
continuous) of the last part of the outburst observetNofEGRAL
in 2012 (Fig.[1, bottom). Then, within each group, spectraeha
been averaged as reported in Tab. 1 resulting in 26 final rspect
Because of the low statistics the last sub-group, i.e. Deludes
104 spectra instead of 48. Due to the known IBIS/ISGRI catibr
tion issue related to the energy reconstruction, systesiafiabout
3-4% are required by the spectral fits to avoid large resgdaal
energy around 50 keV and 100 keV.

Quasi-simultaneoudNTEGRALJEM-X (Lund et al.| 2003)
data have been analysed. Because of the smaller JEM-X FéV, th
total number of analysed pointings is 116 (see Tab. 2). JEM-X
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Table 3. SwiffXRT log table of the pointings used in this work. The tardatid 533836. The average rate reported in this table has berceed before the
pile-up correction. {) These pointings have been used in the timing analysis eelguence #018 is affected by a larger than usual pointirog, evhile the
#045 shows a too low statistics to perform a spectral fitting)

Seq.# Beginning of obs. End of obs. Exposure (s) Average ®pt® Inner extraction radius (pix)
000 2012-09-16T09:37:11  2012-09-16T14:25:47 6502 18 0
002 2012-09-17T17:49:22  2012-09-17T19:32:17 996 93 1
003 2012-09-18T19:03:30 2012-09-18T22:18:50 990 131 1
005 2012-09-19T11:43:28  2012-09-19T16:21:57 982 152 1
006 2012-09-19T03:05:21  2012-09-19T05:18:15 976 158 1
007 2012-09-20T04:55:43  2012-09-20T05:09:58 833 171 1
008 2012-09-20T16:17:29  2012-09-20T16:34:58 1036 180 1
009 2012-09-24T04:59:09  2012-09-24T05:07:09 470 241 2
011 2012-09-25T00:12:25  2012-09-25T00:30:58 1096 268 2
012 2012-09-25T11:49:39  2012-09-25T12:05:58 966 312 3
013 2012-09-26T08:16:11  2012-09-26T08:36:58 1221 297 2
014 2012-09-27T07:02:45  2012-09-27T07:21:58 1140 359 3
015 2012-09-28T10:11:58 2012-09-28T10:16:58 278 363 3
016 2012-09-29T02:22:06  2012-09-29T02:38:58 993 352 3
017 2012-10-01T06:58:20 2012-10-01T07:14:58 969 384 3
018 2012-09-30T08:39:21  2012-09-30T08:56:58 103 477 4
019 2012-10-02T07:09:55 2012-10-02T07:28:58 1118 385 3
020 2012-10-03T07:14:03  2012-10-03T07:30:58 992 352 3
021 2012-10-04T08:45:34  2012-10-04T09:04:58 1143 360 3
022 2012-10-05T00:48:34  2012-10-05T01:03:58 901 398 3
023 2012-10-07T04:07:27  2012-10-07T04:21:57 857 412 4
024 2012-10-06T17:22:57 2012-10-06T18:34:21 972 390 3
025 2012-10-08T06:01:15 2012-10-08T06:17:55 973 367 3
026 2012-10-09T12:16:24  2012-10-09T12:31:58 913 360 3
027 2012-10-10T04:16:42  2012-10-10T04:32:58 968 353 3
029 2012-10-12T04:24:09  2012-10-12T04:39:58 939 311 3
030 2012-10-13T06:02:46  2012-10-13T06:19:58 1020 294 2
031 2012-10-14T01:17:47  2012-10-14T01:33:58 961 227 2
032 2012-10-15T02:57:15 2012-10-15T03:12:58 922 295 3
033 2012-10-16T01:24:17  2012-10-16T01:39:58 932 271 2
034 2012-10-17T04:39:41  2012-10-17T04:55:58 962 280 2
035 2012-10-22T708:04:47  2012-09-17T719:32:17 964 226 2
036 2012-10-21T11:14:04 2012-10-21T11:32:58 1110 292 2
037 2012-10-23T14:32:37  2012-10-23T14:47:57 915 268 2
038 2012-10-24T12:59:51  2012-10-24T13:14:58 899 319 3
039 2012-10-25T06:38:09 2012-10-25T06:53:58 923 276 2
040 2012-10-26T15:04:12  2012-10-26T15:20:57 980 339 3
041 2012-10-27T03:31:17 2012-10-27T03:46:58 920 301 2
042 2012-10-22T08:20:58 2012-10-28T02:13:58 983 291 2
043 2012-10-29T00:28:40 2012-10-29T00:42:58 845 269 2
045 2012-10-31T13:38:44  2012-10-31T13:55:58 1029 360 3

lated calibration files from the NASA Calibration Databaske ran
the taskxrtpipelineapplying calibrations and standard filtering cri-
teria. Events with grades 0 were selected, in order to rethecef-
fect of energy redistribution at low energies that is knowaffect
XRT data for bright, heavily absorbed souftteBor the same rea-
son spectral analysis was performed in the 1-10 keV enengy. ba
Due to the high count rates, the data are affected by pilganp-s
ing with sequence 1. The pile-up correction for the WT data wa
performed following the same procedure used_by Romang et al.
(2006), determining the size of the region to be excludednfro
the photon extraction studying the event grade distrilout8ource

spectra have been extracted in 32 channels. Although reeomm
dation from the JEM-X calibration team is to use the energgea
5-22 keV, we fitted spectra from 6 keV up to 18 keV by adding sys-
tematics of 3% because of additional residuals appearipecesly

in bright and variable sources.

2.2 Swift

The Swiff XRT monitoring campaign of the outburst of SwJ1745
was performed mainly in Windowed Timing (WT) observing mode
The XRT observations used for this paper were performediquas photons were thus extracted from an annular region with &erou
simultaneously with thedNTEGRAL ToO campaign, i.e. from radius 30 pixels (1 pixel = 27.36) and an inner radius 0 to 4pix

September 16 to October 30, 2012 (see XRT count rate il Fig. 1) depending on count rate (see Tab. 3).

A journal of the observations is given in Table 3.

To obtain XRT spectra, data were processed using the FTOOLS
software package distributed inside HEASOFT (v6.16) aed ¢ 2 see http://www.swift.ac.uk/analysis/xrt/digesil.php for details

© 2015 RAS, MNRASD0Q [1-7?
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The power-law of the IBIS/ISGRI hard X-ray spectra (Fig.

“E gg, o 0. , [2) steepens as the cut-off energy decreases in group A,NGDI

2 155 e e’ e n, E 56188. Then, starting from group B, the cutoff starts to éase

o, 10F o L, E again until it stalls. This behaviour of the cut-off durirtgetBHB

% 5F ¢ 3 outbursts has been already observed in GX 339-4 by Motta et al

3.9 g (2009). However, cut-off power-lawcqtoffpl in XSPEQ is an
o5k ; W g E empirical model, which is only roughly related to the eleatr

. g o M# +++++ ++ o ! +++ + + E temperature of the Comptonising plasma. In complex speictra
20F 't O E when additional components play a role (non-thermal Compto
15 et ¢ E isation, reflection), the high energy cut-off does not refige
;2, E evolution of the electron temperature of the corona. Indeéed

’z; 06k " ,": AR ‘e we, Sect]ori}, we p.res.ent results by using a physical modelfhee.

e o4l 4## ¢‘+¢* ¢ E hybrid Comptonisation modelgpair.
Eé tt In Fig.[3, we show the evolution of the spectral parameters of

o 20F R E the soft X-ray spectra. While the disc black-body compoienbt

Z 18y ; +¢ . ¢ ¢+ bt ‘e E needed in the first two spectra, its addition improves camaioly

2 12, RN t, off tenta T T e E the spectral fit of the following spectra (from MJD 56188). In

z 12F E spectrum #003 the F-test probability is .50~ 2%, The inner disc
1:8; black-body temperature (lJ) varies between 0.4 and 0.7 keV, the
1.1 — . . o . f power-law photon index steepens from 1.5 up to 2.2 and then it

NXS 10E o :.° oot O o 7 stays constant, theiNvaries roughly between 1.4 and 1.7 during
0ok ¢ Je . « . % e E this part of the outburst. We note that the value of this patenis
o8k * significantly different than the one found by Kalemci et @014)
56180 56190 56200 56210 6220 6230 in the hard state during the outburst decay2(2x 1022 cm~2).

Time (MJD)

Based on the XRT and ISGRI spectral behaviour, we conclude
that the HS-to-HIMS spectral transition occurred during gap
(between A and B) in thtNTEGRALobservations and since XRT
pointing #003 (roughly at MJD 56188). This is also confirmgd b
the timing analysis (see Sé&gd. 4).

Figure 3. XRT parameters of the 39 spectra fitted with an absorbed power
law plus a disc black-body. From top to bottom: 2-10 keV abedrflux,
power-law slope, disc temperature, column density andoesiy?.

According to the XRT calibration documE‘hthigh signal-to-
noise WT spectra typically show residuals of about 3% near th
gold edge (2.2 keV) and the silicon edge (1.84 keV), and caasbe
high as 10%. We obtained good fits by including 3% of systeseati
in the XRT spectra and in a few cases (when the residuals droun Each PDS was fit with a zero-centered Lorentzian|(see Bedioal.
the edges were higher) we ignored the channels between d.8 an|2002) and inspected for residuals. Then, PDSs were fittelul avit
2.4 keV. zero-centered Lorentzian plus a QPO, also modeled as atza@en

From each XRT observation we have extracted a light curve (Fig.[4B). The starting frequency was based on the residaats
with 0.003532 s time resolution from a region 40 pixels wide the starting width was typically 0.05-0.1 Hz (the final betph-
centred on the source. For timing analysis, we produced y-eah rameters do have some dependence on the starting paramieters
normalized Power Density Spectra (PDS) from 128 s segments some cases, the QPO is not statistically significant3¢). If an-
and averaged them, obtaining one average PDS per observatio other noise peak (broad or narrow) appeared in the residihais
The power spectra cover the frequency range from 7.8125 mHz we fit the PDS with a combination of three Lorenztians, one of
to 142 Hz. We subtracted the Poissonian noise contributin e which zero-centered (Fif] 4C ahdl 4D). This procedure ledhéo t
timated as the mean power level above 20 Hz, where no sourcedetection of a single QPO peak in 20 observations and two QPO
signal was seen. We converted the PDS to squared fractiorsal r  peaks in about ten observations, where the second peaksgseon
(Belloni & Hasinger 1990). tent with being the first overtone of the first peak. Howevaly in
a few observations the second QPO seems to be signifizad).

A broad component in addition to the zero-centered Lorantplus
a faint QPO is observed in the HS, pointing #000 (see[Fig. 4A).
3 SPECTRAL ANALYSIS WITH SIMPLE MODELS The evolution of the main timing parameters is plotted in Fig
First of all, we fit separately the 26 IBIS/ISGRI spectra ahd t  [B(left). The QPO centroid frequency increased as a function of time
39 XRT spectra by using simple models, such as cutoff poasgr-l  until MJD 56210, then it decreased again to become non ddtiect
(Fig.[2) and an absorbedb@bsin xsPEQ multicolor disc black- ~ after MID 56215. At the same time, the noise break frequemcy i
body @diskbbin xsPEQ plus a power law (Fig13), respectively. creased and the total fractional rms decreased. On the lagimek;
We used cross sections |of Verner etlal. (1996) and abundafices the QPO fractional rms increased until roughly MJD 56188 and
Wilms et al. (2000) for the interstellar absorption and Mft as a then it decreased. This is consistent with a typical evoitutf HS
free parameter. and then HIMS.
In the harder RXTEPCA energy band (2-40 keV),

Munoz-Darias et al! (2011a) found that below 5% total fiawi

3 see http://heasarc.gsfc.nasa.gov/docs/heasarc/altttiocs/xr/ SWIFT-XRTI0AS LBX08@B Adintered the SIMS. Here, no observation shows a

4 TIMING ANALYSIS RESULTS

(© 2015 RAS, MNRASDOQ,[1-2?
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Figure 4. Left XRT power density spectra of four pointings, i.e. #000, 08013, #0109 fitted with a zero-centered Lorentzian plus(onavo) QPOsRight
Joint ISGRI-XRT energy spectra of four different sub-greuipe. A3-000, B5-008, C5-013, D2-019, fitted with tgpair model (solid line). The curve has
been normalised taking into account an IBIS cross-noriatidis factor roughly ranging between 0.6 and 1. The diskislzady component is also shown

(dotted line). Spectral parameters are reported in[Tab. 4.

value below 5%. Fid.]5r{ght) shows the QPO centroid frequency
as a function of total fractional rms, a good indicator toabst
lish the QPO typel (Motta et £l. 2011). Comparing with Fig. 4 of
Motta et al. [(2011), it is clear that all QPOs observed heeecdr
type C, indicating that at least until MJD 56214 the source wa
in the HIMS (QPO frequency and rms only for those observation
where the first QPO was significant have been plotted) .

In order to relate the timing evolution with the spectralpen
ties, we show the relation between tBeift XRT power law spec-
tral indexI" and the total fractional rms (Fifl] 6). The relation be-
tween these two parameters is, although noisy, roughly toorm
without large outliers. Similar correlations have beenorégd in
other sources both with spectral fit based parameters suth as
(Grinberg et al. 2014) or empirical measures for the spksitape,

such as hardness (Munoz-Darias et al. 2011b). The tighelearr
tion between the total fractional rms and the QPO frequeRday. (

[, right) implies a similar correlation between the QPO frequency
and spectral shape. Overall, the timing parameters seenade t
the spectral behaviour, as expected in the canonical viestabé
evolution of BHBs.

5 DESCRIBING BROAD-BAND EMISSION WITH
HYBRID COMPTONISATION MODELS

The IBIS spectra have been combined (when possible) with the
XRT quasi-simultaneous spectra and fit wébpair, the hybrid
thermal/non-thermal Comptonisation model developed bppCo

© 2015 RAS, MNRASD0Q [1-7?
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(1999). Inegpair, the emission of the disc/corona system is mod-
elled by a spherical hot plasma cloud with continuous acaele
tion of electrons illuminated by soft photons emitted by g&®-
metrically thin accretion disc. At high energy the disttibn of
Comptonising electrons is non-thermal, but at low energitser-
mal population (Maxwellian) is established. The non-disienal
compactness parameter determines the properties of thmaala

o aT L
mecd R

@)

where L is a power (luminosity) of the source supplied by differ-
ent componentsR is the radius of the sphere; is the Thom-
son cross-sectionn. is the electron mass andis the speed of
light. The egpair compactness parameters afg: {;, £ntn and
ly = Lin, + otn, corresponding to the power in soft disc pho-
tons entering the plasma, thermal electron heating, electccel-
eration and total power supplied to the plasma, respeytildie
spectral shape strongly depends on the compactness fafis
and 4,1 /¢, and not on the single parameters. It is customary to
fix 45 (parameters,;, in XSPEQ to some reasonable value when fit-
ting data witheqpair (e. g..Gierlihski et &l. 1999; Del Santo et al.

(© 2015 RAS, MNRASD0Q,[1-2?

2008). Indeed, as suggested by the developeqpaiﬁ, for Galac-

tic BHBs the best recourse may be simply to leave the soft pho-
ton compactness frozen at the unity. As a cross-check, weilfit o
spectra withY},,,=10 obtaining no variation in the spectral parame-
ters. We definitely assumefd,=1 (see also Del Santo et al. 2013;
Joinet et al. 2007; Malzac et|al. 2006) which implies thatviduéa-
tions of the ratiof}, /s is only due to changes ify,. However, we

do not know if this is what really happens or if it is tiie which
changes (there is no possibility to fix in XSPEQ.

High values of¢,/¢s (greater than 10) and (> 1) are
usually measured in spectra of BH binaries in hard state.(e. g
Ibragimov et al.| 2005; Del Santo et al. 2013). Thus, specta b
tween Al and A6 of SwJ1745 (Tab 4, FId. 7) show parameters
typical of the HS, as also indicated by the timing feature® (n-
ergy spectrum and PDS in FId. 4, upper panel), while stafting
group B1 to D4 typical parameters of the HIMS, ifg/¢s of the
order of the unity, are inferred (TdB. 4). Interestinglye Fhomson
optical depth of the corona is continuously decreasing atlt-
burst evolves, dropping from values of about 2.5 at the begn
of the HS down to 0.1 in the HIMS. It is worth noting that this
parameter is also very variable within the HIMS itself, pblsas-
sociated to the variation of the size of the emitting regeee(Sec.

).

Usually, the reflection component (paramefB@r) is faint
(Zdziarski et all 1999) or sometimes absent in hard stateh Su
signature appears stronger in the intermediate stateseuuies
very strong in soft states. This is expected when the systeiaes
from a geometry where the reflecting disc is truncated atgelar
distance from the black hole to a situation where the acoretisc
is sandwiched by the illuminating corona (Done et al. 200).
the latest version oégpair (v. 1.10), the code useaeefict, a con-
volution model for reflection from ionised material accoglito
Magdziarz & Zdziarski [(1995), andiblur for rotational blurring.

In SwJ1745, this component appears in spectrum A3. Intiaduc
the reflection component in the model to our spectra imprdves
fit significantly (F-test probability= 2.%10~%). When the statisti-
cal quality of the spectrum was too low to constrain the réfiec
parameter, this was fixed 8127 = 1 (see Tall }).

As a disc model (internal tegpair), we use an extension of the

4 see https://heasarc.gsfc.nasa.gov/xanadu/xspec/sieqiehp4.ps
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parametet,:n/ln Only in the spectra D1-016, D2-019 and D3-020.

*: i The fraction of electron acceleration to the total powemdieg to
10k * | the plasma is about 0.25 (see Secl 5.1 for an extensive disojis
-~ f E We have also estimated the bolometric fluxes (0.1-1000 keV)
= 1Y ] for each sub-group, and the fluxes of the two main spectral com
*"*. . 7 ponents over the whole band, such as the geometrically ibin d
e ¢ ;‘ e T black-body and the Comptonisation by the hybrid coronatedas
N3 ‘ ‘ 3 (see Tald }).
2 #ﬁ . E . o
e 4 3 5.1 Focussing on the non-thermal Comptonisation
1,;’ [ e component
oF 3 Despite the statistically acceptable fits obtained whendiki., /i
760 * * * * E at 0 in spectra D1-016, D2-019 and D3-020, we have noted some
600 F e E residuals in the fits. In order to investigate further thesjlae
S 500 ¢ ?+$ E presence of the non-thermal component during the HIMS, the
=, 400F o~ E spectrum D1-016 has been fit with ttempPSmodel (assum-
£ 300 ¢ e E ing a spherical geometry) with Maxwellian electron disfitibn
200 £ E (Poutanen & Svenssan _1996). This resulted in a redugeaf
100 £ - } } } E 1.07 (652 d.o.f.). Adding a power-law component with a slope

N
o

2.5 + 0.1, the reduced? definitely improved down to 0.95 (650

e 30p . Lt E d.o.f.). The F-test probability that this improvement wgchance
E) 20F e E is 8.9 x 107'®, In addition, assuming a hybrid electron distribu-
o 10 3 P . E tion in compPSwe obtained &2.,=0.99(651). However, because
o E (4 E| N . . .
z 3 - E of the low statistics at high energy, we did not manage totcaims
LL% 0; the electron power-law indexX’¢ < 5). Similar results have been
~ 8F : obtained for the two spectra D2-019 and D3-020.
NZ i . . 1 In order to better quantify the Comptonisation fraction byn
o 40 ‘.‘ ot ° 8 thermal electrons, we averaged the 26 IBIS spectra to isertee
® t s 1 statistics at high energy (above 100 keV). We identified 4big
c‘ng 20 .« r i groups showing similar values of the paramefef/s: A, B1-B5,
g | :' * ] B6-C2, C3-D4, namely, 3, v, ¢ (see Fig[lL, bottom). We com-
WS ol ° B bined them with the JEM-X2 (quasi) simultaneous spectrdSIB
—~ 100¢ . . ] cross-normalization factor of about 0.9) and performedfittiag
o 80F o« o . ' E procedure with boteqpairandcompPSbest-fit in Tab[b). First, in
§ 60 |- *.'," . = eqpairwe fixed/,nn /¢n = 0 for all spectra obtaining an unaccept-
o 4oL * 4 able reduced ? of 4.72(49) by fitting the spectrud In the latter,
2 : * . 1 a fraction of electron acceleration to the total power sigioitio the
N T E plasma 0f0.59 502 is required. In Figl18, the four JEM-X2—IBIS
0 energy spectra and best-fit models are shown.
56180 56190 56200 56210 56220 56230 Then, we fitted the four JEM-X2/IBIS spectra witompPS
Time (MJD) in the case of a Maxwellian electron distribution. Also irstbase,
Figure 7. Spectral parameters and fluxes evolution obtained witledipair the fit of the last spectrum was unacceptable giving a redyéed

model (values reported in TdD. 4). 9.3(49). So that, assuming a hybrid thermal/non-thermedtesn

population also itompPSrovides a good fit (see TdB. 5).

diskbh i.e. a pseudo-newtonian disdigkpnin XsPEQ including
corrections for temperature distribution near the blacle h®he
seed photon temperature kT was frozen at 100 eV in the harder
spectra (A1-A6). Then, from B1 to B4 and from B6 to B10,kT During the SwJ1745 outburst, we have observed only the HS-to
was fixed at 300 eV which is comparable with the value inferred HIMS transition which occurred most likely between MJD 5818
from the B5-008 spectrum. According to the temperatureinbth and MJD 56188.7 (in the gap between groups A and B, se€Fig. 1)
for spectra C1-011 and C2-012, we fixednk at 400 eV in C3 when the QPO rms started to decrease (see[ig. 5, left). We did
and C4. Finally, from group C5-013 onwards, the disc blac&yb not witness the SIMS, which is characterised by noise thewés

6 DISCUSSION

temperature increases upae7 "2 eV. weaker than we observe, i.e. below 5%. Even though the dengea
The non-thermal electrons are injected with a power-law dis  X-ray flux seems to indicate an evolution back to the haregtee
tribution~~%ins | with Lorentz factors ranging from,.:» = 1.3 to Kalemci et all. 2014), we cannot exclude that a secondarymanri

Ymaz = 1000. Because of the low statistics at high energy, itis not (i.e. a transition to the soft state) occurred during theigdpTE-
possible to give constraints to tld&;,,; parameter, so as expected GRALandSwiftobservations (2012 November-2013 January). This

from shock acceleration models, we fix@d,; at 2.5. second peak in the X-ray light curve occurring several meiath
Concerning the fraction of Comptonization by non-thermal ter the first one has been observed in other transient BHibmar
electrons, we found an indication of non-negligible valogéshe (Chen et al. 1993; Castro-Tirado etlal. 1997). Howeverorbddind

© 2015 RAS, MNRASDOQ [1-7?
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observations strengthen the failed outburst hypothesise ghey
indicate that the self-absorbed radio jets were never fugnched
(Curran et al. 2014).

A correlation between the timing and spectral parametees (i
total rms and power-law slope) obtained with the XRT data has
been derived. The total fractional rms diminishes duringaasi-
tion from hard to softer states for two reasons. The firstaeas
an increase of the amount of soft photons coming from an &scre
ingly bright accretion disc in the energy band where the smsea-
sured (0.3-10 keV here). The disc photons are generallyksppa
not variable (but see Wilkinson & Uttley 2009) and thereftirey
dilute the variability carried by the harder photons, cagsi gen-
eral decrease of the fractional rms. The second reasoniigrarsic
decrease of the variability of the hard photons. In the cdrdgthe
truncated disc model and rigid precession of the inner flee €sg.
Ingram et al. 2009, Motta et @al. 2015), both the noise and RO
observed in the HS and in the HIMS are produced in the inner par
of the accretion flow that precesses in a rigid fashion falgihe
Lense-Thirring effect. The QPOs are produced via the meidula
imprinted by the precession to the emission, while the neibéch
carries most of the variability, is produced via propagatd mass
accretion rate fluctuations in the same flow, fundamentaliysing
intrinsic brightness variability. The decrease of the ouaglius of
the inner flow (linked to the truncation radius of the diskyses
the loss of the variability at low frequencies as the sourozesn
to softer states. This effect combines with a cooling of theer
hot flow, that is responsible for the decrease in the numbbaaf
photons (both producing the noise and the QPOSs), causingefu
decrease of the total fractional variability.

Fitting the XRT/ISGRI spectra with a hybrid Comptonisation
model ggpaif), we have observed a decreasing of the¢/s pa-
rameter during the outburst. We do not know whether &h&s
variation is due to changes in the heating rate of the conatatéd
to 41), changes in the luminosity of the dis), or both.

In SwJ1745, we observe a change of the coronal optical dgpth b
a factor of 20 which could be associated either with a change i
electron density or in the size of the corona (sincec n.R). A
constant electron density.{) would imply that the corona is larger
in the HS than in the HIMS by up to a factor ef20.

Looking at the flux variation (FidL]7 and T4db. 4), it is cleaath
the bolometric flux increases in a few days and is mainly drivg
the Comptonisation component. Then, during the transttatie
HIMS, the Comptonisation luminosity, which is related btdtthe

(© 2015 RAS, MNRASDOO,[1-??
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electron heating and electron acceleration, varies by arfbctor
of 2, while the disc flux increases by a factor of 10 or even more
as the outburst proceeds. This would imply that the HS-tulSl|
spectral transition is driven by changes in the soft photor ith
the corona also associated with the increase of disc terpesa
(which is also observed). The increasing of the soft photor fl
should be also responsible of the cooling of the corona wieeh
flects in the hard X-ray spectral softening observed (Gifegt al.
1999). In contrast, the heating rate of the electrons in trera
appears to change by only a factor of 2.

Although other models (i.e. dynamic accretion disc corazeinot
be ruled out, these results are consistent with the soectila-
cated disc model (Done et|al. 2007), also supported by thease
of the Compton reflection and by the larger QPO frequenciésen
HIMS compared to the HS (Zdziarski et al. 1999; Gilfanov et al
1999).

We did not find in the HS any contribution from the non-
thermal electron Comptonisation as observedMYEGRALIn a
number of BHBs (e.g. Bouchet et/al. 2009; Pottschmidt etG82
Droulans et al. 2010). This is possibly due to the lack of lobg
servations in a stable spectral state, which results in tatistics
carried out above 200 keV in the IBIS spectra. However, as ex-
pected, this component is observed in the HIMS, when therthier
electrons of the corona cool and the non-thermal Compttiaisa
occurs.

7 CONCLUSIONS

We have presented spectral and timing analysiNGEGRALand
Swiftobservations of the transient BHB SwJ1745. Data covered the
first part of the outburst spanning from 2012 September 16 unt
October 30. Our results can be briefly summarised:

1) Despite the source brightness (up tgol ~ 0.4Lgqa),
SwJ1745 never reached the SS state, increasing the number of
"failed outbursts” observed in BHBs. This implies that tha/llu-
minosities observed in most of the previous failed outbigrstot
the only discriminant for such a phenomenon.

2) The truncated disc model is supported by the evolutiohef t
spectral parameters as the source goes from the HS to the HIMS
and by the high flux of disc photons combined with the incregsi
of the black-body temperature. In addition, the timing tessand,
in particular, the correlation between the spectral safggand the
total fractional rms strengthen this scenario.

3) We did not find any contribution from non-thermal Comp-
tonisation in the HS. On the contrary, a non-thermal fraciod
0.6 contributes to the total Comptonisation emission inHHES,
when the cooling of thermal electrons is also observed.
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Table 4.Best-fit parameters of the joint IBIS/ISGRI and XRT specttzew available (on the top) and of the joint IBIS and JEM-X2crze(on the bottom).
Fits have performed witlEQPAIR. See text for the parameters description. Values in pagsisthdenote parameters fixed during the fits. Bolometric flux
(0.1-1000 keV) as well as fluxes of the two main componergsdisc and Comptonisation, have been estimated.

Group N lh/ls Tp Q2 lnth/lh KTmax X12/(d0f) Fx107°
IBIS-XRT %1022 cm~—2 [eV] [ergecm2s71]
Bol disc Compt

Al - 2013 <24 0) 0) (100) 1.1039) 62 02 60

A2 - 2472 2.675°% (0) (0) (100) 0.80(46) 8.8 0.14 8.7

A3-000 1.36 £ 0.02 3543 2.47152 0.7+0.2 (0) (100) 1.05(730) 16.8 0.19 128
A4-002 1.3575:03 24 +2 2.210-1 0.5%02 (0) (100) 0.85(154) 200 1.1 15.5
A5 - 1512 2.1153 <04 (0) (100) 0.98(45) 285 09 247
A6 - 15.079:8 17793 07403 (0) (100) 0.77(47) 312 10 239
B1 - 3.6752 17401 02732 (0) (300) 0.66(45) 614 82 495
B2 - 31401 1387057 0.54759% () (300) 0.97(45) 59.6 9.1 439
B3 - 2.640.2 11792 0.615° (0) (300) 0.71(45) 60.3 107 427
B4 - 2177092 0791599 1.077058 (0) (300) 0.81(48) 562 114  35.0
B5-008 1.474£0.05  2.0+03  06+0.1 <17 0) 275755 1.04(709) 50.7 10.0  26.1
B6 - 1237065 0.3270:0% (1) (0) (300) 1.11(46) 714 251  37.3
B7 - 14707 0437002 (1) (0) (300) 0.69(36) 65.6 214 358
B8 - 1977057 0.8670:92 @) (0) (300) 0.83(48) 537 121 335
B9 - 14792 0.5753 ) (0) (300) 0.80(46) 62.1 201 341
B10 - 1287007 0451002 (1) (0) (300) 0.79(46) 66.1 225 35.6
C1-011 1.8870-01 1.057599  0.327399 @) (0) 361+15 1.03(659) 686 258  34.6
C2-012 1447802 1.354+0.06 0.657092 (1) (0) 44972 104695 715 214 402
c3 - 0.64+£0.04 0.1273:0 (1) (0) (400) 1.08(46) 528 278 19.8
c4 - 0.69705%  0.1573:07 (1) (0) (400) 0.72(46) 547 277 216
C5-013 1.6670:0% 117882 0447000 @) ) 406 £17 1.03(705) 77.2 262  40.9
C6-014 1.5675:02 1.0475:0%  0.6670 52 (1) (0) 487+£30 0.99(703) 836 29.8 454
D1-016 1477507 1.0T99%  0.6315 47 (1) 0.24%057  51373¢  0.95(651) 684 251  36.4
D2-019 1.45+0.04  1.087552  0.677093 (1) 0.24%052 541727 0.93(656) 81.9 281 439
D3-020 1444004  1.027505  0.48%]058 (1) 0.23%709% 557735 0.97(677) 84.2 319 434
D4 - 1.0579:02  0.26%052 (1) (0) (500) 0.74(48) 29.4 115 143
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Table 5.Best-fit parameters of the joint IBIS and JEM-X2 spectras Rve performed witBQPAIR(first line) andcompPP S (second line). In the latter, seed
photons are multicolor disk black-body (k), 7-y is the Compton parameter aibd is the electron power-law index. Values in parenthesis teparameters
fixed during the fits.

Group In/ls To Q2r lnth/In KT max KTe X2 (dof)
Ty Te kT
[eV] keV
a 22 4+ 2 2.275-2 0.3793 (0) (100) - 0.93(60)
- <3 0.6 £0.2 - (100) 6575  1.01(60)
B 2.74+0.1 1.12+0.05 0.8+0.1 (0) (300) - 1.03(57)
- 1.8+02 0.9+0.2 - (300)  57FT  0.98(57)
~ 1577096 0.69+£0.02 0.740.1 (0) (300) - 0.91(59)
- 0.9752 0.9+0.2 - (300) 82723 0.91(59)
) 0.757088  0.6870-98 @) 0.597092  (500) - 0.95(48)
- 14797 (1) 4792 (500) <26  0.75(48)
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