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Abstract

:

H 1743-322 is a well-known black hole X-ray binary (BH XRBs) that has been observed in several outbursts over the past. In this work, we have performed the spectral and timing analysis of H 1743-322 during the “faint” 2005 outburst for the first time with the RXTE/PCA data. In this outburst, the spectral and timing parameters (e.g.,   T in  ,  Γ ,   R in  ,   r m s   and QPOs, etc.) presented an obvious change and a q-like pattern was found in the Hardness Intensity Diagram (HID), which often named as the hysteresis effect of BH XRBs. The radius of the innermost stable circular orbit was constrained as   R ISCO  ∼3.50   R g  , which predicts that H 1743-322 is a lower-spin black hole. We further explored the correlation between timing and spectral properties. The relation of photon index  Γ  and X-ray flux,   F  3 – 25 keV   , presented a transition between negative and positive correlation when the X-ray luminosity,   L  3 – 25 keV   , is above and below a critical X-ray luminosity,    L  X , crit   ≃ 2.55 ×  10  − 3       L Edd  , which can be well explained by the Shakura-Sunyaev disk–corona model (SSD-corona) and advection-dominated accretion flow (ADAF). We also found the tight linear, negative correlation between photon index  Γ  and the total fractional   r m s  . Since the amount of soft photons from the accretion disk seems invariable, an increase of the number of soft photons will dilute the variability from the harder photons. Therefore, the softer the X-ray spectra will result in the smaller total fractional   r m s  . The above results suggested that the 2005 outburst of H 1743-322 was a normal outburst and H 1743-322 represented similar properties with other black hole X-ray binaries.
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1. Introduction


Most of black hole X-ray binaries (BH XRBs) are transients, which can be observed in an outburst. During the outburst, the X-ray luminosity can increase several orders of magnitude to approach the Eddington luminosity (   L Edd  ≃ 1.3 ×  10 38   (   M BH   M ⊙   )      erg ·  s  − 1    ) [1,2]. BH XRBs often display a q-like pattern in the hardness-intensity diagram (HID). The phenomena with the different X-ray luminosity at the same hardness ratio (HR) are often named as the hysteresis effects of BH XRBs. Based on their spectral and timing properties, several main spectral states can be identified: Low/Hard State (LHS), Intermediate State (IMS) and High/Soft State (HSS). The IMS are often divided into Hard Intermediate States (HIMS) and Soft Intermediate States (SIMS). Low Frequency Quasi-Periodic Oscillations (LFQPOs) are the most salient feature in the power density spectrum (PDS) of BH XRBs in the LHS and IMS, which can be divided into three different categories: type-A Quasi-Periodic Oscillations (type-A QPOs), type-B Quasi-Periodic Oscillations (type-B QPOs) and type-C Quasi-Periodic Oscillations (type-C QPOs) [3]. A typical outburst often starts with the LHS, where the X-ray spectra are dominated by the non-thermal power-law component extending to ∼100 keV with the spectral index   1.5 ≤ Γ ≤ 2.0  . In LHS, the PDS sometimes exist with a type-C QPOs characterized by strong, narrow peak frequency with strong band-limited noise component (  r m s  ∼  30 %  ) [4,5,6,7,8]. As the X-ray luminosity increases, XRBs will enter into the IMS, where the disk is close to the innermost stable circular orbit (ISCO) or moderately truncated along with an optically thick, low-temperature corona in the inner region. In this state, both thermal and non-thermal components are very strong. The PDS in the IMS sometimes shows the type-A QPOs and type-B QPOs, which are characterized by the absence of a flat top noise [9,10]. Near the peak luminosity, the XRBs will enter into HSS, where the X-ray emission is dominated by thermal disk component with a high energy tail extending to 100 keV (  2.0 ≤ Γ ≤ 2.4  ). Some outbursts of BH XRBs are called mini-outbursts, because they often happen soon after the X-ray flux close to the quiescent level and are of smaller amplitude and shorter duration compared with the normal outburst [11]. In recent year, more and more mini-outbursts were observed in several BH XRBs (e.g., GRS 1739-278, Swift J1753.5-0127 and XTE J1118+480) [12,13,14]. However, the physical mechanism of mini-outburst is still unclear. The main accretion models include the disk instability model [15] and the companion star radiation [16].



H 1743-322 is a BH X-ray transient that was first discovered by HEAO-1 and Ariel 5 in 1977 [17]. Since then, H 1743-322 remained in the quiescent state till 1984 when Reynolds reported X-ray activities by EXOSAT [18]. The brightest outburst of H 1743-322 was detected by Rossi X-ray Timing Explorer (RXTE) on 20 March 2003, the peak luminosity of which increased up to 1.3 Crab at 1.5–12 keV. Based on the observations of RXTE in 2003, Steiner et al. (2012) constrained the physical parameters of H 1743-322 with symmetric kinematic model and obtained the distance    D L  = 8.5 ± 0.8    kpc , inclination angle    i 0  =  75 0  ± 3 .  0 0    [19]. Using the RXTE observations of H 1743-322 in 2004, Bhattacharjee et al. (2017) applied the Two Component Advective Flow (TCAF) solution to analyze the spectral and timing properties and constrained the range of BH mass    M BH  = 10.31  M ⊙  – 14.07  M ⊙    [20]. In 2008, H 1743-322 underwent another outburst where H 1743-322 showed a canonical q-like pattern in HID diagrams. A secondary outburst was detected by INTEGRAL, RXTE and Swift in 2008 and a transition between LHS and IMS was found. During this outburst, the smallest value of Hardness ratios was about 0.5, which predicted this outburst to be a failed outburst. Between 2008 and 2012, three outbursts were reported by Zhou et al. (2013) [21]. Zhou et al. (2013) compared the timing and spectral evolution on the failed and completed outbursts. They constrained a region for the spectral transitions to HSS for the two outbursts in HID diagrams [21,22]. Since RXTE was decommissioned formally on January 5, 2012, the outburst in 2011 wasthe last one recorded by RXTE for H 1743-322 [3].



The 2005 outburst of H 1743-322 is a short and faint one, where the peak luminosity   L  3 – 25 keV , peak   ∼ 0.03   L Edd  . The faint outburst might underlay the microphysics of BH XRBs [12]. Due to the lower X-ray luminosity, the outburst has not been detail reported in past work. To explore the physical mechanism of faint outburst, we will present the X-ray spectral and timing analysis of H 1743-322 during its 2005 outburst. The paper is organized as follows: in Section 2, we describe the data reduction and analyses procedures. The results of X-ray spectral and timing analyses are presented in Section 3, which are discussed in Section 4 and summarized in Section 5.




2. Data Reduction and Analysis


In this paper, all of the 22 observations of H 1743-322 are from the Proportional Counter Array (PCA) on the RXTE [23]. Since the PCU 2 is the best calibrated detector among five PCUs, we only selected the top layer of the Proportional Counter Unit 2 (PCU 2) from standard 2 data. The standard procedures described in the RXTE cookbook were followed for the data reduction with HEAsoft v6.28 [24].



The total photon count rates were first extracted after the deduction of the background and the hardness ratios (HR) were calculated by the formula   HR = C / A  , where the A and C are the net counts rate in 3–5 keV and 5–12 keV energy band, respectively. The X-ray spectra were also extracted with the top layer of PCU 2 from standard 2 data [25]. The response matrices were created by the ftool pcarsp and the background spectra were generated by the ftool pcabackest with the latest PCA background model (faint or bright) according to brightness level. The X-ray spectra and background spectra were generated with the ftool saextract.



To explore the X-ray spectral properties of H 1743-322 during the 2005 outburst, we analyzed the X-ray data in 3–60 keV energy band with XSPEC V12.11.1 [26].When we analyzed the X-ray spectra, the simplest model possible was adopted. We used an absorbed component ( Phabs ) and power-law ( Powerlaw ) as a beginning model, where the hydrogen column density was frozen as    N H  = 1.6 ×  10 22      cm  − 2    and systematic error was fixed at   0.5 %   [27,28]. The new components (e.g., a multi-temperature disk black-body component (  D i s k b b  ) and/or Gauss emission line (  G a u  , fixed at 6.4 keV)) were considered if the components can greatly improve the fitting results (  Δ  χ 2  > 0.3  ). We also analyzed the temporal properties of H 1743-322 during the 2005 outburst. The root means square (  r m s  ) was calculated with the formula   r m s = 100 ×   W N π / 2    , where  W  is the full width at half-maximum of the Lorentzian, and  N  is the Miyamoto normalization of the Lorentzian [29,30,31,32]. The uncertainties were obtained by varying the parameters until   Δ   χ  2   ∼1 at   1 σ   level. The observational ID, disk temperature (  T in  ), photon index ( Γ ), inner radius (  R in  ), 3–25  keV  X-ray flux (  F  3 – 25 keV   ), luminosity ratio (   L  3 – 25 keV    L Edd   ), the ratio of the fitted power-law component to the total flux (FLR),   r m s  , QPOs,    χ  2   and adopted models were shown in Table 1 and Table 2.




3. Results


In this section, we presented the results obtained from its X-ray timing and spectral analysis. In our fitting, we freezed the hydrogen column density as    N H  = 1.6 ×  10 22      cm  − 2    and assumed the iron emission line at 6.4 keV. The reduced chi-squares cover the range of 0.55 to 1.48. The main fitting parameters were shown in Table 1 and Table 2, and Figure 1, Figure 2, Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7.



3.1. Timing Analysis


In Figure 1, we presented the X-ray light curve of H 1743-322 during the 2005 outburst. The top panel and the second panel showed the light curve in 3–12 keV (RXTE/ASM) and 3–25 keV (RXTE/PCA), respectively, where state transitions were observed. Similar results were also observed in other outbursts of H 1743-322 and other sources [13,33].



The HID of H 1743-322 was shown in Figure 2, which covered 22 RXTE/PCA observations and only 4 observational points were in the rising phase. In Figure 3 and Table 2, we represented the best-fitting parameters of X-ray timing of H 1743-322 during the 2005 outburst. We can find that the values of the total fractional   r m s   and the central frequency of LFQPO are   r m s     ∼ 13.06 %   and  ν    ∼ 6.09 ± 0.04   Hz, which implies the first observation was in the IMS. Soon afterward, H 1743-322 moved horizontally to left into the softer region. In this phase, the   r m s   values were much lower (  r m s ∼ 10 %  ), the QPOs were absent and hardness ratios peak at   ∼ 0.5  , which implies that H 1743-322 has transitioned into HSS. Then, H 1743-322 moved horizontally to right and gradually returned into LHS. Therefore, the 2005 outburst of H 1743-322 is a normal one, although its HID is not a full q-like pattern.



To explore the timing properties of H 1743-322, we further showed four typical PDS among IMS, HSS and LHS in Figure 4. The PDS of the top-left panel (Obs.Id: 91050-06-01-00) shows a significant feature with a flat-top noise (red noise) plus a QPO peak (see Figure 4a), which implies the point in HIMS. The PDS of top-right panel (Obs.Id: 91428-01-02-00) has not a QPO signal, which implies the point in HSS. Similar to the top-left panel, the bottom-left panel (Obs.Id: 91428-01-02-01) also shows a flat-top noise, which implies that H 1743-322 has returned to HIMS. The bottom-right panel (Obs.Id: 91428-01-03-00) belongs to LHS because of the lack of red noise in its PDS.




3.2. Spectral Analysis


The best-fitting parameters of the X-ray spectra of H 1743-322 during the 2005 outburst were shown in Figure 5. The first X-ray observation can be well fitted with the model   p h a ( d i s k b b + g a u + p o w e r l a w )  . The main fitting parameters (e.g.,    T in  = 0.92 ± 0.04   keV,   Γ = 2.21 ± 0.04  ,   R in  =1.40 ± 0.02   R g   and FLR ∼  78.58 %  ) indicated that H 1743-322 is in IMS. Then, the FLR shows a sharp decrease and the contribution of the power-law component to total flux is less than   60 %  , which implies H 1743-322 has entered into HSS between MJD = 53599–53624. In this state, the inner accretion disk temperature   T in  , the photon index and the inner radius of accretion disk show a little change, that is,   T in  ∼0.6–1.0 keV,   Γ ∼ 2.1 – 2.4   and   R in  ∼ 2.3–4.2   R g  . Right after HSS, H 1743-322 transitioned into IMS and LHS again. It is obvious that the fitting parameters also undergo a great change during the transitions from HSS to IMS and from IMS to LHS.




3.3. Relation of Timing and Spectral Properties


In this section, we related the timing properties and the spectral properties. We first explored the evolution of X-ray spectral index,  Γ , on the 3–25 keV X-ray flux,   F  3 – 25 keV   . On account of the fewer observations, it is difficult to investigate the X-ray spectral evolution in the rising phase. Therefore, we only explored the    F  3 – 25 keV   – Γ   correlation in the decay phase (see Figure 6). It is obvious that the X-ray spectral evolution in the decay phase can be divided into three stages. In the first stage, the spectral index shows a shallower positive correlation, where the spectral index changes a little. According to the timing and spectral properties (see Table 1 and Table 2), H 1743-322 was in HSS at this stage. With the further decrease of the X-ray flux, the X-ray spectra of H 1743-322 quickly harden, where the    F  3 – 25 keV   – Γ   correlation roughly follows a positive correlation. It should be noted that the positive    F  3 – 25 keV   – Γ   correlation was very obvious even though only two observations at this stage. The    F  3 – 25 keV   – Γ   correlation became negative, when X-ray flux,   F  3 – 25 keV   , was lower than a critical value    F  X , crit   ∼ 4.64 ×  10  − 10       erg ·  cm  − 2   ·  s  − 1    , corresponding X-ray luminosity   L  3 – 25 keV   ∼  2.55 ×  10  − 3       L Edd  .



To detail learn about the timing evolution on the spectral properties, we further explored the relation between the total fractional   r m s   and the X-ray spectral photon  Γ  (see Figure 7). It can be clearly found that the relation of   r m s – Γ   displays a linear, negative correlation. The tight correlation implies a similar physical mechanism between the QPOs and spectral shape. The similar correlations between X-ray timing and spectrum were also reported in other sources [34]. In a word, the spectral parameters seem to follow the timing behavior, which is expected in normal state transition during outbursts of black hole X-ray binary [26].





4. Discussion


In this paper, we have performed the timing and spectral analysis of H 1743-322 during the faint 2005 outburst with the RXTE/PCA data. The light curves characterized by a fast rise and exponential decay (FRED) and the softening X-ray spectra were observed near the peak flux. Although the fewer observations in the rising phase, H 1743-322 remains a counter-clockwise and q-like pattern in the Hardness-Intensity Diagram like other canonical outbursts [35,36]. During the outburst, H 1743-322 went through a canonical state transition among LHS, IMS and HSS. However, the intrinsic physics behind the HID is still an open question [37,38]. The shape of HIDs might be affected by the inclination and magnetic field of the accretion disk [39].



According to the criterion of mini-outbursts of BH XRBs [13], We think that the faint 2005 outburst is not a mini-outburst but a faint normal outburst. The main reasons are followed as: (1) the time interval between the 2004 outburst and the 2005 outburst   Δ t ∼ 320   days and displays a full state transition; (2) The ratio between re-brightening peak flux and the normal outburst peak flux   F i  /  F out  ∼  0.93  >  0.7  ; (3) The ratio of  Δ    t i  / Δ    t out  ∼  2.64  > 1, where the  Δ    t i   is the time separating the start of the quiescent period from the start of each re-brightening, and  Δ    t out   is the duration of the main outburst.



During the faint 2005 outburst, the spectra and timing parameters show a significant change. In particular, the inner disk temperatures gradually decline with the decrease of X-ray flux in HSS, while the inner radius of accretion disk is nearly constant. Since the inner radius of accretion disk is only determined by the BH mass and spin, the constant inner radius implies that the accretion disk extends into the innermost stable circular orbit (ISCO) around the black hole [40,41,42]. We know that the radius of innermost stable circular orbit of non-rotating black hole   R ISCO  ∼3   R g  , where    R g  =   G  M BH    c 2     is the gravitational radius of black hole. Therefore, we conclude that the H 1743-322 is a low-spin black hole, since the inner radius of accretion    R in  ≃ 3 .  51  − 1.20   + 0.65       R g   (see Table 1 and Figure 5). In addition, compared with the HSS, the contribution of the power-law component to the total flux become higher in IMS (FLR   ≃ 89.20 %  ). The other timing and spectral parameters also present a sudden change (see Figure 5). The inner disk temperature and the total fractional   r m s   show a sharp rise, while the inner radius and spectral index present a significant decrease in several days. These results suggest that the accretion disk has extended into the innermost stable circular orbit (ISCO) around the black hole and the inverse Compton scatter in the corona becomes stronger in IMS (e.g., [43,44,45,46]). It was well known that the temperature of thermal component is determined by the spectral shape and the   R in   can be calculated from normalization parameters. Therefore, the smaller   R in   might mean the thermal flux is somewhat lower in IMS.



We also obtain the relation between timing and spectral parameters, using the RXTE/PCA data during the 2005 outburst of H 1743-322. The total fractional   r m s   and spectral index shows a roughly linear, negative correlation. Generally speaking, the amount of soft photons from accretion disk seems invariable. Therefore, an increase of the number of soft photons will dilute the variability from the harder photons. In other words, the softer the X-ray spectra, the smaller total fractional   r m s  . The evolution of the photon index on the X-ray flux has been found in other BH XRBs and AGNs [47]. During the 2005 outburst, the positive and negative correlation between the photon index  Γ  and 3–25 keV X-ray flux,   F  3 – 25 keV   , were obtained, and the critical transitioned luminosity between positive and negative correlation   L  X , crit   ∼  2.55 ×  10  − 3       L Edd   was constrained. These can be well explained by the Shakura-Sunyaev disk-corona model (SSD-corona) and advection-dominated accretion flow (ADAF) [48,49], respectively.




5. Summary


Because the outburst of H 1743-322 in 2005 is a shorter and fainter one, it has not been reported in past work. In this paper, we performed a detailed timing and spectral analysis with the RXTE/PCA data. The main results are summarized as follows: (1) We find that H 1743-322 went through a state transition from the HSS to LHS via IMS like other sources. In this outburst, the timing and spectral parameters showed a significant change. In particular, the inner radius of the accretion disk in HSS was almost a constant, which was used to constrain   R ISCO  ∼  3.50     R g  . These imply H 1743-322 is a low-spin black hole. (2) The timing and spectral parameters (e.g.,   T in  ,  Γ ,   R in  ,   r m s   and QPOs, etc.) undergo a great change in several days during the transitions between IMS and HSS, which may correspond to the evolution of the accretion disk and corona [50,51]. (3) The spectral parameters seem to follow the timing behavior (e.g., the relations of   Γ –  F  3 – 25 keV     and   Γ – r m s  ), which is expected for the normal outbursts of black hole X-ray binaries.
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Figure 1. The light curve of H 1732-322 during the “faint“ 2005 outburst. (a) The observations from RXTE/ASM; (b) The observations from RXTE/PCA. The filled and open points represent the observations in the rising phase and the decay phase, respectively. The triangles, squares, and circles represent IMS, HSS and LHS, respectively. 
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Figure 2. The HID of H 1743-322 during the “faint” 2005 outburst. The symbol types are the same as Figure 1. 
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Figure 3. The evolution of 3–25  keV  X-ray flux,   r m s   and QPOs of H 1743-322 during the ”faint” 2005 outburst. The symbol types are the same as Figure 1. 
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Figure 4. The power density spectra of H 1743-322 among LHS, HSS and LHS. 
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Figure 5. The evolution of spectral fitted parameters of H 1743-322 during the “faint” 2005 outburst. (a) the 3–25 KeV X-ray flux   F    3–25 keV; (b) the inner disk temperature   T in  ; (c) the spectral index  Γ , (d) the inner radius of accretion disk   R in  ; (e) the ratio of the fitted power-law component to the total flux FLR. The symbol types are the same as Figure 1. 
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Figure 6. The correlation between the spectral index  Γ  and the X-ray flux,   F  3 – 25 keV    of H 1743-322 during the 2005 outburst. The symbol types are the same as Figure 1. 
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Figure 7. The relation between   r m s   and  Γ  of H1743-322 during the 2005 outburst. The symbol types are the same as Figure 1. 
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Table 1. The best fitting parameters of the spectra of H1743-322 during the “faint” 2005 outburst.
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Obs.Id

	
    T in    

	
   Γ   

	
    R in    

	
    F  3 – 25 keV     

	
Log     L  3 – 25 keV    L Edd    

	
FLR

	
     χ  2  /   d.o.f

	
Model




	
(day)

	
(keV)

	

	
(   R g   )

	
(    10  − 9    erg ·  cm  − 2   ·  s  − 1      )

	

	
(%)

	

	






	
91050-06-01-00

	
   0 .  92  − 0.05   + 0.05     

	
   2 .  21  − 0.04   + 0.04     

	
   1 .  40  − 0.02   + 0.02     

	
   3 .  41  − 0.03   + 0.03     

	
−1.73

	
78.58

	
0.55/82

	
diskbb+gau+pow




	
91050-06-02-00

	
   0 .  88  − 0.02   + 0.02     

	
   2 .  15  − 0.02   + 0.03     

	
   3 .  51  − 0.02   + 0.03     

	
   3 .  73  − 0.03   + 0.05     

	
−1.69

	
44.79

	
0.70/82

	
diskbb+gau+pow




	
91050-06-03-00

	
   0 .  82  − 0.01   + 0.01     

	
   2 .  28  − 0.03   + 0.03     

	
   2 .  96  − 0.02   + 0.02     

	
   3 .  89  − 0.05   + 0.07     

	
−1.67

	
49.26

	
1.26/84

	
diskbb+pow




	
91050-06-04-00

	
   1 .  02  − 0.01   + 0.01     

	
   2 .  27  − 0.02   + 0.02     

	
   2 .  31  − 0.02   + 0.02     

	
   5 .  57  − 0.04   + 0.03     

	
−1.51

	
65.38

	
1.07/84

	
diskbb+pow




	
91050-06-05-00

	
   0 .  87  − 0.01   + 0.01     

	
   2 .  33  − 0.06   + 0.06     

	
   3 .  61  − 0.04   + 0.02     

	
   3 .  20  − 0.03   + 0.03     

	
−1.75

	
40.01

	
0.75/84

	
diskbb+pow




	
91050-06-06-00

	
   0 .  87  − 0.01   + 0.01     

	
   2 .  38  − 0.04   + 0.04     

	
   3 .  35  − 0.07   + 0.06     

	
   3 .  12  − 0.04   + 0.06     

	
−1.76

	
48.91

	
1.29/84

	
diskbb+pow




	
91050-06-07-00

	
   0 .  83  − 0.02   + 0.02     

	
   2 .  29  − 0.05   + 0.06     

	
   4 .  10  − 0.04   + 0.06     

	
   2 .  54  − 0.04   + 0.03     

	
−1.85

	
31.02

	
1.30/84

	
diskbb+pow




	
91050-06-08-00

	
   0 .  82  − 0.01   + 0.01     

	
   2 .  21  − 0.05   + 0.05     

	
   3 .  61  − 0.04   + 0.02     

	
   2 .  50  − 0.08   + 0.09     

	
−1.86

	
46.77

	
0.83/82

	
diskbb+gau+pow




	
91050-06-09-00

	
   0 .  82  − 0.01   + 0.01     

	
   2 .  19  − 0.05   + 0.02     

	
   3 .  57  − 0.02   + 0.02     

	
   2 .  35  − 0.09   + 0.09     

	
−1.88

	
44.44

	
0.76/82

	
diskbb+gau+pow




	
91050-06-10-00

	
   0 .  78  − 0.07   + 0.07     

	
   2 .  23  − 0.05   + 0.05     

	
   3 .  87  − 0.02   + 0.03     

	
   2 .  14  − 0.08   + 0.06     

	
−1.93

	
42.71

	
0.76/82

	
diskbb+gau+pow




	
91050-06-11-00

	
   0 .  78  − 0.02   + 0.02     

	
   2 .  36  − 0.06   + 0.10     

	
   3 .  51  − 0.07   + 0.06     

	
   1 .  92  − 0.09   + 0.07     

	
−1.97

	
48.43

	
1.33/84

	
diskbb+pow




	
91428-01-02-00

	
   0 .  62  − 0.03   + 0.03     

	
   2 .  41  − 0.04   + 0.03     

	
   4 .  16  − 0.03   + 0.03     

	
   1 .  02  − 0.06   + 0.07     

	
−2.25

	
60.08

	
1.48/84

	
diskbb+pow




	
91428-01-02-01

	
   0 .  79  − 0.05   + 0.08     

	
   1 .  96  − 0.04   + 0.04     

	
   1 .  03  − 0.02   + 0.02     

	
   0 .  98  − 0.09   + 0.10     

	
−2.26

	
89.20

	
0.72/82

	
diskbb+gau+pow




	
91428-01-03-00

	

	
   1 .  87  − 0.01   + 0.01     

	

	
   0 .  85  − 0.02   + 0.03     

	
−2.33

	
100.0

	
1.11/86

	
pow




	
91428-01-03-01

	

	
   1 .  79  − 0.03   + 0.03     

	

	
   0 .  46  − 0.03   + 0.02     

	
−2.59

	
100.0

	
1.00/86

	
pow




	
91428-01-04-00

	

	
   1 .  88  − 0.03   + 0.03     

	

	
   0 .  26  − 0.03   + 0.03     

	
−2.84

	
100.0

	
1.22/86

	
pow




	
91428-01-04-01

	

	
   1 .  96  − 0.04   + 0.04     

	

	
   0 .  21  − 0.02   + 0.03     

	
−2.94

	
100.0

	
1.25/86

	
pow




	
91428-01-05-00

	

	
   2 .  13  − 0.05   + 0.05     

	

	
   0 .  14  − 0.03   + 0.03     

	
−3.13

	
100.0

	
1.28/86

	
pow




	
91428-01-05-01

	

	
   2 .  26  − 0.07   + 0.07     

	

	
   0 .  12  − 0.03   + 0.02     

	
−3.19

	
96.84

	
0.80/84

	
gau+pow




	
91428-01-06-00

	

	
   2 .  25  − 0.07   + 0.07     

	

	
   0 .  11  − 0.03   + 0.03     

	
−3.21

	
97.51

	
1.02/84

	
gau+pow




	
91428-01-07-00

	

	
   2 .  19  − 0.07   + 0.07     

	

	
   0 .  11  − 0.02   + 0.03     

	
−3.24

	
100.0

	
1.29/86

	
pow




	
91428-01-08-00

	

	
   2 .  22  − 0.07   + 0.07     

	

	
   0 .  10  − 0.02   + 0.01     

	
−3.26

	
100.0

	
1.14/86

	
pow
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Table 2. The best fitting parameters of the timing of H 1743-322 during the “faint” 2005 outburst.
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Obs.Id

	
   rms   

	
QPOs

	
     χ  2    

	
    Model   1     




	

	
(%)

	
(Hz)

	

	






	
91050-06-01-00

	
13.06

	
   6 .  09  − 0.04   + 0.04     

	
0.982

	
lo




	
91050-06-02-00

	
13.79

	

	
0.964

	
lo+pow




	
91050-06-03-00

	
4.892

	

	
0.924

	
lo+pow




	
91050-06-04-00

	
8.174

	

	
1.113

	
lo+pow




	
91050-06-05-00

	
5.005

	

	
1.257

	
lo




	
91050-06-06-00

	
9.023

	

	
1.088

	
lo




	
91050-06-07-00

	
4.021

	

	
0.997

	
lo




	
91050-06-08-00

	
2.688

	

	
0.865

	
lo+pow




	
91050-06-09-00

	
3.022

	

	
0.873

	
lo+pow




	
91050-06-10-00

	
5.430

	

	
0.881

	
lo+pow




	
91050-06-11-00

	
2.401

	

	
1.222

	
lo




	
91428-01-02-00

	
4.062

	

	
1.311

	
lo




	
91428-01-02-01

	
11.45

	
   4 .  18  − 0.04   + 0.04     

	
1.006

	
lo




	
91428-01-03-00

	
25.63

	
   1 .  84  − 0.04   + 0.05     

	
0.994

	
lo+pow




	
91428-01-03-01

	
24.52

	

	
0.917

	
lo




	
91428-01-04-00

	
25.14

	

	
0.994

	
lo




	
91428-01-04-01

	
26.94

	

	
0.903

	
lo+pow




	
91428-01-05-00

	
20.94

	

	
0.824

	
lo+pow




	
91428-01-05-01

	
27.55

	

	
0.715

	
lo+pow




	
91428-01-06-00

	
11.73

	

	
0.779

	
lo




	
91428-01-07-00

	
17.51

	

	
0.843

	
lo




	
91428-01-08-00

	
16.55

	

	
0.799

	
lo

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
Counts rate (cts/s)

100

10 |

A A IMS
® 0O HSS
o LHS

1
HR (5-12 keV/3-5 keV)





nav.xhtml


  universe-08-00273


  
    		
      universe-08-00273
    


  




  





media/file2.png
Photon Counts rate(cts/s)Photon Counts rate(cts/s)

450

300

150

iy (a) ASM 3-12keV
X .
+ +
i + *ZF 1
*
++
+
+
+y +Hh+t
|+ ++ +
+ +
+ + + + +
- 1 I + ™ +++++ T|'++-I-H+++ +'|++'|3-++ i
- - (b) PCA 3-25keV-
= ‘ —
A o
I:IDI:I
= D —
A
(| o 5
_ | | 00 o0 0 O O . o) i
100 125 150 175

Date (MJD-53500)





media/file5.jpg
s TS @
53
3
3] 33
A o o (b)
oo
A . & .
. .
3 ()
z
00

150





media/file3.jpg
ts rate (cts/s)

100

a s
o Hss
LHS

&

|
HR(5-12 keV/3-5 keV)






media/file1.jpg
Counts rate(cts/s)

ts rate(cts/s)Ph

150

00

Date (UJD-

¥
e (a) ASM 3-12keV
+
L
*,
.
+
+ ety
¥ i N
4 et et e s
. (b) PCA 3-25keV
.
PR
%
o
aa
©0 o060 o o
100 ) 150 1





media/file7.jpg
g
£y
ik
rrsoueNCy )
M
FREQUENCY (1)






media/file10.png
R R
Fy 5oy (T8 CM **57)

IMS HSS TMS; LHS (a) -

| . . 09 3% 8, ©

T, (keV)

[ | Lo (b) ]

D e

11 q:nnn]l:[n o | | (d) 7]

0 0 00 04 o0 o O (¢) ]

- # P ooo” =

100 125 | 150
Date (MJD-53500)






media/file12.png
7
H

2.2 I %‘ ’}‘
2.0 | %

A IMS
1.8 F ] HSS %

o LHS
1.6 | ] ) ] ]

-10.0 -9.5 -9.0 -8.5

logFy sy (eTg-cm %5 )






media/file9.jpg
06

(a)

5 o
0]
T
xx P 2 = 535 2©
o
-
B @
- ¢
n
9 000 050 o
"
i.,P oo o? o
a
100 125 150 175
Date (MJD-53500)






media/file0.png





media/file14.png





media/file8.png
W
"H’J g

CY (Hz
CY (Hz






media/file11.jpg
a s
o Hss
o Lis






media/file6.png
QPO (Hz)

LHS

(a) -

(c)

100

D
125

Date (MJD-53500)

150

175





