
    
      Table 1 

      Log of NuSTAR observations used in this work and some adopted parameters.

      
        


	Source
	ObsID
	Start
	Stop
	Exposure
	min S/N
	Count rate(a)
	Flux
	Pspin



	




	
	
	UT
	UTC
	ks
	
	3–70 keV
	10−9erg cm−2 s−1
	s





	4U 1626-67
	30101029002
	2015-05-04 12:26:07
	2015-05-05 20:41:07
	65.0
	10
	15.62
	1.22
	7.672951 ± 0.000016



	Her X-1
	30002006005
	2012-09-22 04:26:07
	2012-09-22 18:36:07
	21.9
	16
	96.84
	8.22
	1.2377185 ± 0.0000010



	Cen X-3
	30101055002
	2015-11-30 18:11:08
	2015-12-01 05:01:08
	21.4
	16
	63.24
	4.35
	4.802581 ± 0.000003(b)



	Cep X-4
	80002016002
	2014-06-18 22:01:07
	2014-06-19 20:11:07
	40.4
	10
	41.99
	2.82
	66.3357 ± 0.0017





      

      
Notes. The flux is the observed value in the 3–70 keV band. (a)The FPMA count rate in the 3–70 keV energy range. (b)The period derivative is ṗ = (3.71 ± 0.15) × 10−9 ss−1.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Filtering of Cen X-3 light curves using a log-normal distribution of counts in the 3–70 keV band (see Sect. 3.3). Left panel: light curve since the beginning of observation on 2015 November 30. The pink vertical bands indicate the excluded periods; the horizontal lines indicate the rate limits. Right panel: histogram of counts in logarithmic scale with horizontal lines indicating the adopted limits. We considered as good time intervals those encompassing the ±5σ deviations from the central peak value.

      

    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        First-harmonic phase of time-resolved pulse profiles extracted along the Cen X-3 observation on 2015 November 30 with time tagged since its start. Pulses are extracted every 1500 s and rebinned to achieve a S/N of 15. The solid line with spread indicates the best linear trend and its 1σ envelope. The phases are obtained by folding the light curve using the period and period derivative shown in Table 1.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Example of lag and correlation determination for the first energy bin of the Cen X-3 observation (see Sect. 3.3 for details). Left panel: points indicate correlation values as a function of the phase bin. The orange line is the best-fit model. The vertical solid line is drawn at the lag value, while the horizontal solid line is at the correlation value. Right panel: solid blue line is the pulse profile at a given energy; the dashed orange line is the average of all other energy bins. Both profiles are normalized to zero average and unitary standard deviation.

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        PFFFT obtained with different S/N values for the pulse profile of 4U 1626 – 67.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Pulse profile main properties for 4U 1626−67 in ObsID 30101029002. Panel a: pulsed fraction (green points) and its best-fit model (solid lines); the polynomial functions are also shown. Panel b: fit residuals. Panels c−f: phases and amplitudes of the first (A1, ϕ1) and second (A2, ϕ2) harmonics. The vertical colored bands indicate the energy and width of the Gaussian functions fitted to the pulsed fraction. Panel g: selection of normalized pulse profiles at equally logarithmic spaced energies, horizontally shifted for clarity. In each bin the pulse was normalized by subtracting the average and dividing by the standard deviation. Panel h: color-map representation of the normalized pulse profiles as a function of energy. The thin lines represent 20 equally-spaced contours. Panel i: cross-correlation between the pulse profile in each energy band and the average profile. Panel j: corresponding phase lag. The colored vertical bands are the same as in panels d−f.

      

    

  
    
      Table 2 

      Best-fit parameters of the 4U 1626−67 ObsID 30101029002 pulse and amplitude models compared to spectral results.

      
        


	
	PF
	1st
	Spectral
	





	[image: equation]
	1.1/17
	1.6/13
	–
	



	[image: equation]
	1.4/40
	1.140
	–
	



	[image: equation]
	4
	6
	–
	



	[image: equation]
	3
	5
	–
	



	Esplit
	13.21
	12.33
	–
	keV



	ACyc
	−2.16 ± 0.14
	[image: equation]
	23.0 ± 0.9
	



	ECyc
	38.29 ± 0.15
	39.07 ± 0.19
	37.90 ± 0.15
	keV



	σCyc
	3.06 ± 0.20
	3.6 ± 0.2
	6.0 ± 0.3
	keV





      

      
Notes. The last column gives the values from the spectral best fit of the same data set (see Model BWM3 of Table 1 in D’Aì et al. 2017). [image: equation] and [image: equation] are the reduced χ2 for the lower- and higher-energy sections, respectively, with [image: equation] and [image: equation] the corresponding polynomial orders. Esplit is the energy at which we separate the two regions.




    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Pulse profile main properties for Her X-1 in ObsID 30002006005. Panel a: pulsed fraction (green points) and its best-fit model (solid lines); polynomial functions are also shown. Panel b: fit residuals. Panels c−f: phases and amplitudes of the first (A1, ϕ1) and second (A2, ϕ2) harmonics. The vertical colored bands indicate the energy and width of the Gaussian functions fitted to the pulsed fraction. Panel g: selection of normalized pulse profiles at equally logarithmic spaced energies, horizontally shifted for clarity. In each bin the pulse was normalized by subtracting the average and dividing by the standard deviation. Panel h: color-map representation of the normalized pulse profiles as a function of energy. The thin lines represent 20 equally-spaced contours. Panel i: cross-correlation between the pulse profile in each energy band and the average profile. Panel j: corresponding phase lag. The colored vertical bands are the same as in panels d−f.

      

    

  
    
      Table 3 

      Her X-1 ObsID 30002006005.

      
        


	
	PF
	1st
	2nd
	Spectral
	





	[image: equation]
	0.7/10
	0.5/10
	1.5/14
	––
	



	[image: equation]
	1.0/47
	1.2/47
	1.2/45
	––
	



	[image: equation]
	4
	4
	3
	––
	



	[image: equation]
	3
	3
	2
	––
	



	Esplit
	11.17
	11.01
	12.82
	––
	keV



	AFe
	−0.072 ± 0.002
	−0.0486 ± 0.0016
	[image: equation]
	(6.3 ± 0.7) × 10−3
	



	EFe
	6.503 ± 0.008
	6.524 ± 0.008
	6.51 ± 0.05
	6.55 ± 0.05
	keV



	σFe
	0.418 ± 0.010
	0.422 ± 0.010
	[image: equation]
	[image: equation]
	keV



	ACyc
	−10.4 ± 0.7
	−6.9 ± 0.5
	−2.36 ± 0.09
	0.6 ± 0.3
	



	ECyc
	40.44 ± 0.15
	40.32 ± 0.16
	40 10 ± 0 16
	37.4 ± 0.2
	keV



	σCyc
	6.82 ± 0.19
	7.2 ± 0.2
	5.18 ± 0.14
	5.8 ± 0.3
	keV





      

      
Notes. Comparison of best-fit parameters for the fundamental amplitude, second harmonic amplitude, and for the PF computed by averaging over all the fitted harmonic amplitudes. Spectral fit results from Fürst et al. (2013) using a power law with a high-energy cutoff. [image: equation] and [image: equation] are the reduced χ2 for the lower- and higher-energy sections, respectively, with [image: equation] and [image: equation] the corresponding polynomial orders. Esplit is the energy at which we separate the two regions.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Her X-1 ObsID 30002006005. Shown are data, model, and best-fitting residuals for the fundamental and the second harmonic amplitudes. The dashed blue vertical lines are the initial line fit locations, set at 6.4 keV and 39 keV.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        Pulse profile main properties for Cen X-3. Panel a: pulsed fraction (green points) and its best-fit model (solid lines); polynomial functions are also shown. Panel b: fit residuals. Panels c−f: phases and amplitudes of the first (A1, ϕ1) and second (A2, ϕ2) harmonics. The vertical colored bands indicate the energy and width of the Gaussian functions fitted to the pulsed fraction. Panel g: selection of normalized pulse profiles at equally logarithmic spaced energies, horizontally shifted for clarity. In each bin the pulse was normalized by subtracting the average and dividing by the standard deviation. Panel h: color-map representation of the normalized pulse profiles as function of energy. The thin lines represent 20 equally-spaced contours. Panel i: cross-correlation between the pulse profile in each energy band and the average profile. Panel j: corresponding phase lag. The colored vertical bands are the same as in panels d−f.

      

    

  
    
      Table 4 

      Best-fit parameters of the Cen X-3 Obs ID 30101055002 pulse and amplitude models compared to spectral results (Tomar et al. 2021).

      
        


	
	PF
	1st
	2nd
	Spectral
	





	[image: equation]
	2.0/10
	2.0/8
	0.8/17
	–
	



	[image: equation]
	1.1/29
	1.6/27
	0.8/23
	–
	



	[image: equation]
	3
	2
	2
	–
	



	[image: equation]
	2
	7
	2
	–
	



	Esplit
	10.71
	9.40
	13.82
	–
	keV



	AFe
	−0.060 ± 0.003
	−0.0241 ± 0.0018
	−0.0265 ± 0.0016
	[image: equation]
	



	EFe
	6.485 ± 0.018
	6.43 ± 0.02
	6.55 ± 0.03
	6.67(a)
	keV



	σFe
	0.56 ± 0.02
	0.47 ± 0.03
	0.57 ± 0.03
	0.53(a) ± 0.03
	keV



	ACyc
	−1.14 ± 0.13
	[image: equation]
	[image: equation]
	0.40 ± 0.13
	



	ECyc
	29.5 ± 0.3
	27 ± 3
	29.1 ± 0.3
	30.3 ± 0.6
	keV



	σCyc
	3.8 ± 0.3
	[image: equation]
	[image: equation]
	5.0 ± 0.9
	keV





      

      
Notes. [image: equation] and [image: equation] are the reduced χ2 for the lower- and higher-energy sections, respectively, with [image: equation] and [image: equation] the corresponding polynomial orders. Esplit is the energy at which we separate the two regions. (a)Tomar et al. (2021) model the iron line with a complex of three lines at 6.4, 6.67, and 6.97 keV. Here we report the width of the central one, which is fitted to the data and representative of the full width.




    

  
    
      Table 5 

      Best-fit parameters of the Cep X-4 Obs ID 80002016002 pulse and amplitude models compared to spectral results (Fürst et al. 2015).

      
        


	
	PF
	1st
	Spectral
	





	[image: equation]
	1.4/15
	0.8/8
	–
	



	[image: equation]
	1.5/35
	1.3/39
	–
	



	[image: equation]
	3
	6
	–
	



	[image: equation]
	3
	3
	–
	



	Esplit
	13.35
	11.18
	–
	keV



	AFe
	−0.0308 ± 0.0019
	(−8 ± 2) ×10−3
	(1.39 ± 0.16) × 10−3
	



	EFe
	6.444 ± 0.019
	6.62 ± 0.04
	6.47 ± 0.03
	keV



	σFe
	0.46 ± 0.02
	0.33 ± 0.05
	0.42 ± 0.05
	keV



	ACyc
	−4.1 ± 0.7
	−2.08 ± 0.12
	[image: equation]
	



	ECyc
	31.00± 0.18
	30.32 ± 0.10
	[image: equation]
	keV



	σCyc
	5.3 ± 0.3
	3.75 ± 0.12
	5.8 ± 0.4
	keV





      

      
Notes. [image: equation] and [image: equation] are the reduced χ2 for the lower- and higher-energy sections, respectively, with [image: equation] and [image: equation] the corresponding polynomial orders. Esplit is the energy at which we separate the two regions.




    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Generic pulse profile.

      

    

  
    
      Fig. A.2 

      
        [image: thumbnail]
      

      
        Comparison of different methods used to obtain the pulsed fraction for Cep X-4 upper left) and Her X-1 ( upper right). In the lower panels the spectra of corresponding relative errors are shown.

      

    

  
    
      Fig. A.3 

      
        [image: thumbnail]
      

      
        PFFFT obtained with different Nbins for the pulse profile of Her X–1 analyzed in this work.

      

    

  
    
      Fig. A.4 
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        PFFFT obtained with different S/N values for the pulse profile of Her X–1 analyzed in this work. Nbins = 32.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Corner plots for the 4U 1626−67 PF spectrum fit. The upper and lower panels show the soft and hard band fits, respectively.

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Corner plots for the Her X-1 pulsed fraction spectrum fit. The upper and lower panels show the soft and hard band fits, respectively.

      

    

  
    
      Fig. B.3 

      
        [image: thumbnail]
      

      
        Corner plots for the Cen X-3 pulsed fraction spectrum fit. The upper and lower panels show the soft and hard band fits, respectively.

      

    

  
    
      Fig. B.4 

      
        [image: thumbnail]
      

      
        Corner plots for the Cep X-4 pulsed fraction spectrum fit. The upper and lower panels show the soft and hard band fits, respectively.
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