
    
      Table 1. 

      Observations of 4U 1538−52 by IXPE.

      
        


	Observation
	ObsID
	Epoch (MJD)
	Exposure, ks





	1
	03002701
	60383.4–60385.1
	90



	2
	03002801
	60391.0–60392.5
	77



	3
	03002901
	60394.6–60394.7
	7



	4
	03010401
	60584.7–60586.5
	92



	5
	03010301
	60588.6–60590.3
	87





      

    

  
    
      Fig. 1. 

      
        [image: thumbnail]
      

      
        One-day averaged light curve obtained by the MAXI monitor (4–10 keV) during the IXPE observations of the source (dark blue points). The blue-shaded areas correspond to eclipse periods according to Falanga et al. (2015). The red shaded areas represent the IXPE observations with the corresponding count-rate light curves (2–8 keV) shown in zoomed-in panels.

      

    

  
    
      Table 2. 

      Normalized Stokes parameters q and u, PD, and PA for the phase-averaged data of 4U 1538−52 for Obs. 1–5 using the pcube algorithm.

      
        


	Interval
	q
	u
	PD
	PA



	
	(%)
	(%)
	(%)
	(deg)





	Obs. 1
	3.1 ± 2.1
	0.2 ± 2.1
	3.1 ± 2.1
	2 ± 19



	Obs. 2–3
	0.3 ± 2.4
	−3.1 ± 2.4
	3.1 ± 2.4
	−43 ± 22



	Obs. 4
	2.4 ± 2.0
	−1.3 ± 2.0
	2.7 ± 2.0
	−15 ± 21



	Obs. 5 (a)
	4.0 ± 2.5
	−3.6 ± 2.5
	5.4 ± 2.5
	−21 ± 13



	




	Obs. 1–5 (a)
	2.5 ± 1.1
	−1.7 ± 1.1
	3.0 ± 1.1
	−18 ± 11





      

      
Notes. Uncertainties are given at the 68.3% (1σ) c.l. The individual observations do not show significant detections, therefore the PA values represent only the most likely directions.

(a) Excluding dip.




    

  
    
      Fig. 2. 

      
        [image: thumbnail]
      

      
        Phase-averaged normalized Stokes q and u parameters for the individual observations in the full 2–8 keV energy range, obtained using the pcube algorithm. The size of the circles correspond to the uncertainty at a 68% c.l.

      

    

  
    
      Fig. 3. 

      
        [image: thumbnail]
      

      
        Energy dependence of the PD and PA for the combined set of data (excluding dip), obtained with the pcube algorithm.

      

    

  
    
      Table 4. 

      Spectro-polarimetric parameters in different pulse-phase bins for the combined data set Obs. 1–5 in different energy ranges.

      
        


	Phase
	q
	u
	NH
	Photon index
	PD
	PA
	χ2/d.o.f.



	
	(%)
	(%)
	(1022 cm−2)
	
	(%)
	(deg)
	





	2–8 keV



	




	0.000–0.125
	−2.7 ± 4.0
	4.7 ± 4.0
	1.7 ± 0.3
	1.09 ± 0.07
	3.1 ± 2.8
	−88 ± 26
	1850/1742



	0.125–0.250
	−2.8 ± 3.1
	−3.7 ± 3.1
	2.5 ± 0.2
	1.43 ± 0.06
	2.5 ± 2.3
	−69 ± 32
	2574/2381



	0.250–0.375
	−3.6 ± 2.6
	−0.3 ± 2.6
	2.1 ± 0.2
	1.20 ± 0.04
	2.2 ± 1.9
	88 ± 30
	2925/2794



	0.375–0.500
	9.2 ± 2.7
	−8.5 ± 2.7
	1.6 ± 0.2
	0.94 ± 0.04
	8.1 ± 1.9
	−16 ± 7
	2814/2868



	0.500–0.625
	6.0 ± 2.7
	−2.7 ± 2.7
	2.3 ± 0.2
	1.27 ± 0.05
	3.5 ± 1.9
	1 ± 17
	2956/2760



	0.625–0.750
	2.8 ± 3.8
	−0.4 ± 3.8
	1.8 ± 0.3
	1.00 ± 0.07
	4.3 ± 2.8
	15 ± 20
	1973/1904



	0.750–0.875
	−2.5 ± 3.7
	0.8 ± 3.7
	1.9 ± 0.3
	1.00 ± 0.07
	4.0 ± 2.6
	86 ± 20
	1999/1983



	0.875–1.000
	9.5 ± 3.4
	1.8 ± 3.4
	2.6 ± 0.3
	1.04 ± 0.06
	6.5 ± 2.4
	7 ± 11
	2192/2234



	




	2–3 keV



	




	0.000–0.125
	1.9 ± 5.4
	0.9 ± 5.4
	1.7fixed
	0.97 ± 0.10
	[image: equation]
	21 ± 90
	726/700



	0.125–0.250
	−0.7 ± 4.1
	−3.7 ± 4.1
	2.5fixed
	1.35 ± 0.08
	[image: equation]
	−16 ± 90
	908/878



	0.250–0.375
	−1.5 ± 3.6
	2.3 ± 3.6
	2.1fixed
	1.16 ± 0.07
	[image: equation]
	51 ± 90
	857/892



	0.375–0.500
	10.0 ± 3.7
	0.7 ± 3.7
	1.6fixed
	0.96 ± 0.07
	7.8 ± 3.7
	8 ± 14
	827/906



	0.500–0.625
	1.6 ± 3.7
	1.0 ± 3.7
	2.3fixed
	1.24 ± 0.07
	[image: equation]
	70 ± 90
	898/899



	0.625–0.750
	1.6 ± 5.3
	9.9 ± 5.3
	1.8fixed
	0.92 ± 0.10
	9.1 ± 5.3
	26 ± 18
	765/769



	0.750–0.875
	−8.9 ± 5.1
	14.5 ± 5.1
	1.9fixed
	0.92 ± 0.10
	17.6 ± 5.1
	65 ± 9
	779/776



	0.875–1.000
	2.3 ± 4.7
	23.8 ± 4.7
	2.6fixed
	1.01 ± 0.09
	17.6 ± 4.7
	45 ± 8
	774/826



	




	4–8 keV



	




	0.000–0.125
	−4.9 ± 5.9
	9.9 ± 5.9
	1.7fixed
	0.87 ± 0.10
	5.2 ± 4.8
	−88 ± 27
	503/460



	0.125–0.250
	−3.3 ± 4.8
	−2.9 ± 4.8
	2.5fixed
	1.19 ± 0.08
	[image: equation]
	83 ± 90
	674/667



	0.250–0.375
	−5.4 ± 3.9
	−2.6 ± 3.9
	2.1fixed
	1.02 ± 0.06
	8.0 ± 3.0
	−53 ± 11
	1023/946



	0.375–0.500
	10.6 ± 3.9
	−14.9 ± 3.9
	1.6fixed
	0.77 ± 0.06
	11.5 ± 3.0
	−29 ± 8
	1031/1036



	0.500–0.625
	8.9 ± 4.1
	−5.0 ± 4.1
	2.3fixed
	1.09 ± 0.07
	7.0 ± 3.2
	4 ± 14
	1032/955



	0.625–0.750
	2.4 ± 5.6
	−5.6 ± 5.6
	1.8fixed
	0.91 ± 0.10
	[image: equation]
	9 ± 90
	549/514



	0.750–0.875
	1.3 ± 5.4
	−4.8 ± 5.4
	1.9fixed
	0.70 ± 0.09
	5.1 ± 4.3
	−42 ± 29
	542/541



	0.875–1.000
	12.1 ± 4.8
	−5.2 ± 4.8
	2.6fixed
	1.03 ± 0.08
	9.0 ± 3.8
	−12 ± 13
	643/667





      

      
Notes. Normalized Stokes parameters q and u are obtained using the pcube algorithm in IXPEOBSSIM. PD and PA are obtained with XSPEC. The uncertainties computed using the error command are given at the 68.3% (1σ) c.l. (Δχ2 = 1 for one parameter of interest).



    

  
    
      Fig. 5. 

      
        [image: thumbnail]
      

      
        Polarization vectors of 4U 1538−52 from the results of the phase-averaged spectro-polarimetric analysis of the combined data set. Contours at 68.3%, 95.45%, and 99.73% c.l. calculated for two degrees of freedom are shown in shades of blue for 2–3 keV and in shades of red for 4–8 keV.

      

    

  
    
      Table 5. 

      Parameters of the best-fit spectro-polarimetric XSPEC model to the phase-averaged combined data set in different energy bands.

      
        


	Component
	Parameter
	Unit
	2–8 keV
	2–3 keV
	4–8 keV





	tbabs
	NH
	1022 cm−2
	2.11 ± 0.08
	2.11fixed
	2.11fixed



	powerlaw
	Photon index
	
	1.14 ± 0.02
	1.11 ± 0.03
	1.00 ± 0.02



	polconst
	PD
	%
	1.7 ± 0.8
	4.6 ± 1.5
	4.8 ± 1.2



	
	PA
	deg
	−9 ± 14
	42 ± 10
	−28 ± 8



	constant
	constDU2
	
	1.017 ± 0.004
	1.016 ± 0.007
	1.015 ± 0.009



	
	constDU3
	
	1.003 ± 0.004
	1.004 ± 0.007
	0.998 ± 0.009



	




	
	Flux2 − 8 keV(a)
	10−10 erg s−1 cm−2
	2.13 ± 0.03
	–
	–



	
	L2 − 8 keV(b)
	1035 erg s−1
	9.14
	–
	–



	
	χ2 (d.o.f.)
	
	5545 (5029)
	1096 (1025)
	2935 (2843)





      

      
Notes. The uncertainties are given at the 68.3% (1σ) c.l. and were obtained using the error command in XSPEC with Δχ2 = 1 for one parameter of interest.

(a) Observed flux in the 2–8 keV range.


(b) Luminosity is computed using the distance of d = 6 kpc (Bailer-Jones et al. 2021; Neumann et al. 2023).




    

  
    
      Fig. 6. 
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        Polarization vectors of 4U 1538−52 from the results of the phase-resolved spectro-polarimetric analysis of the combined data set. Contours at 68.3%, 95.45%, and 99.73% c.l. calculated for two d.o.f. are shown in shades of blue for 2–3 keV and shades of red for 4–8 keV.

      

    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Results of RVM fitting of the pulsar phase-resolved X-ray polarization properties in the 2–3 keV energy band presented in a corner plot. On the upper right panel, the PA data shown with circles and error bars denoting the bin widths and one-sigma errors are plotted against the best-fit RVM model (solid lines). The black color shows the base case fit to only the lower energy band and the magenta shows the higher energy data.

      

    

  
    
      Fig. 8. 

      
        [image: thumbnail]
      

      
        Absolute Stokes parameters in eight phase bins shown for 2–3 keV band (in blue) and 4–8 keV band (in red) normalized by the average flux in each band. The circle sizes correspond to the uncertainties at 68% (1σ) c.l. The data points are annotated with numbers in accordance to Table 4.
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