
    
      Fig. 3. 
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        Temporal evolution of the X-ray, UV, optical, and millimetre emissions and of the optical LP of J1023 on the night of 2021 June 26–27. The light curves are shown in decreasing order of energy band from top to bottom (NICER, Swift/XRT, Swift/UVOT, REM, VLT/FORS2 polarisation, and ALMA). In the bottom panel, the ALMA time series are plotted using either bins of length 4–5 min (cyan) or bins of variable length corresponding to the duration of the X-ray mode episodes identified by the strictly simultaneous NICER and Swift data (blue). In some panels, the sizes of the markers are bigger than the uncertainties and/or the time bins. Arrows indicate 3σ upper limits. The orange shaded areas mark the time intervals of low X-ray mode detected by NICER and Swift/XRT covered by observations with other instruments. A plot of the X-ray and millimetre light curves around the epoch of the millimetre flares is shown in Fig. 6.

      

    

  
    
      Fig. 5. 
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        ALMA images of the field around J1023. Left: ALMA 3.1 mm continuum image showing the two detected sources, J1023 and ALMA J102349.1+003824. The white dotted boxes display the FOV shown in the right panels. The ALMA synthesised beam (0.87″ × 0.53″, PA = −74.5°) is shown at the bottom-right corner. Right: Close-up images of J1023 (top) and ALMA J102349.1+003824 (bottom). In both panels, the colour scale corresponds to the image with natural weighting, with the 3σ contour indicated in white (σ values are listed in Table 2). The black contours are derived from the ALMA image obtained with robust=0. Contours range from 3σ to 9σ in steps of 1σ, where σ = 9.1 μJy beam−1 for J1023 and σ = 15 μJy beam−1 for ALMA J102349.1+003824. The white cross depicts the radio position of J1023 (Deller et al. 2012). A faint emission tail is detected at the 3σ level extending south-west of J1023. The synthesised beams for the robust=0 and natural images are displayed in the bottom-left and bottom-right corners, respectively (see Table 2). In all panels, the colour scale is in units of Jy beam−1.

      

    

  
    
      Table 4. 

      Parameters of the sources detected at 3.1 mm with ALMA.

      
        


	Source
	RA (ICRS)
	Dec (ICRS)
	Iν(a)
	Sν(b)
	Deconvolved size (c)
	PA



	
	(hh:mm:ss)
	(°:′:″)
	(μJy beam−1)
	(μJy)
	(″ × ″)
	(°)





	PSR J1023
	10:23:47.689 ± 0.001
	00:38:40.677 ± 0.004
	103.7 ± 3.6
	144.6 ± 8.0
	(0.305 ± 0.060) × (0.205 ± 0.031)
	86 ± 29



	ALMA J102349.1
	10:23:49.131 ± 0.002
	00:38:23.72 ± 0.02
	95 ± 15
	109 ± 29
	< 0.39 × 0.22 (d)
	...





      

      
Notes.

(a) Peak intensity.


(b) Integrated flux.


(c) FWHM obtained from 2D Gaussian fits.


(d) Component is a point source.




    

  
    
      Table 5. 

      X-ray and millimetre properties of J1023 during the periods of high and low X-ray modes.

      
        


	X-ray mode
	Γ(a)
	FX(b)
	Iν
	Sν
	Deconvolved size
	PA



	
	
	(10−12 erg cm−2 s−1)
	(μJy beam−1)
	(μJy)
	(″ × ″)
	(°)





	High
	1.66 ± 0.03
	13.8 ± 0.2
	74 ± 6
	89 ± 13
	(0.338 ± 0.202) × (0.250 ± 0.044)
	105 ± 8



	Low
	1.7 ± 0.1
	2.1 ± 0.2
	117 ± 11
	134  ±  23
	(0.384 ± 0.245) × (0.260 ± 0.125)
	141 ± 45





      

      
Notes.

(a) Best-fitting photon index for the absorbed power-law model.


(b) Unabsorbed flux over the 0.3–10 keV energy band.




    

  
    
      Table 6. 

      Millimetre properties of J1023 during the two flaring episodes.

      
        


	Flare
	RA (ICRS)
	Dec (ICRS)
	Iν(a)
	Sν(a)
	Deconvolved size
	PA



	
	(hh:mm:ss)
	(°:′:″)
	(μJy beam−1)
	(μJy)
	(″ × ″)
	(°)





	Flare 1
	10:23:47.705 ± 0.006
	00:38:40.92 ± 0.11
	426 ± 26
	1006 ± 84
	(0.96 ± 0.89) × (0.40 ± 0.10)
	13.3 ± 6.9



	Flare 2
	10:23:47.702 ± 0.002
	00:38:40.63 ± 0.01
	701 ± 62
	675 ± 114
	... (b)
	... (b)





      

      
Notes.

(a) These values are measured at the peak of the flares over time intervals of length 15 s and are therefore higher than those obtained in the X-ray mode-resolved analysis and plotted in Fig. 3, where the emission is averaged over longer time intervals.


(b) Source marginally resolved in only one direction.




    

  
    
      Fig. 7. 

      
        [image: thumbnail]
      

      
        Contour levels for the millimetre emission detected during 15 s time intervals at the peak of Flare 1 (left panel) and Flare 2 (right panel) shown with solid white lines overlaid on the naturally weighted ALMA 3.1 mm image extracted using the whole integration time (colour scale). These contour levels start at 3σ and increase in steps of 1σ, where σ is the rms of the image, ∼90 μJy beam−1. Both panels display the same colour scale range in units of Jy beam−1. Time intervals (in UTC) are displayed at the top of each panel. The red cross depicts the radio position of J1023 (Deller et al. 2012). The synthesised beams, with extension 0.696″ × 0.540″ and position angle PA = −79.92° for Flare 1 and 0.931″ × 0.525″ and PA = −74.21° for Flare 2, are shown at the bottom-right corner of each panel.

      

    

  
    
      Table 7. 

      Central frequencies (νc), flux densities corrected for interstellar absorption, and the adopted absorption coefficients (Aν) used for the SEDs.

      
        


	Band
	νc (Hz)
	Flux density (mJy)

	Aν (mag)



	
	
	Low mode
	High mode
	





	Radio
	1.00 × 1010
	0.158 ± 0.009
	0.064 ± 0.006
	–



	mm
	9.75 × 1010
	0.133 ± 0.023
	0.089 ± 0.013
	–



	K
	1.40 × 1014
	–
	1.17 ± 0.32
	0.02 ± 0.03



	J
	2.39 × 1014
	1.14 ± 0.13
	1.12 ± 0.16
	0.05 ± 0.03



	z
	3.28 × 1014
	1.35 ± 0.28
	1.34 ± 0.27
	0.08 ± 0.01



	i
	3.93 × 1014
	1.32 ± 0.23
	1.20 ± 0.21
	0.11 ± 0.01



	r
	4.81 × 1014
	1.09 ± 0.11
	1.03 ± 0.11
	0.14 ± 0.01



	g
	6.29 × 1014
	0.87 ± 0.10
	0.84 ± 0.10
	0.20 ± 0.01



	uvm2
	1.34 × 1015
	0.10 ± 0.01
	0.18 ± 0.02
	0.52 ± 0.01





      

    

  
    
      Fig. 10. 

      
        [image: thumbnail]
      

      
        Broadband (radio to X-rays) SEDs of J1023 during the high and low modes, along with the best-fitting models. Both SEDs were corrected for extinction effects. The red-dashed, blue-dotted, purple-dashed-dotted and orange solid lines represent the contributions of the accretion disc, companion star, discrete ejection and shock region, respectively. The green dashed line represents the compact jet, whose contribution does not vary between the two modes. The green solid line is the sum of all contributions in both SEDs. The ratio between the data points and the best-fitting model is shown at the bottom of each panel.

      

    

  
    
      Fig. 11. 

      
        [image: thumbnail]
      

      
        Corner plot showing the posterior probability distributions of the parameters obtained from the MCMC sampling algorithm. The solid lines in the panels along the diagonal represent the probability density of each parameter. The vertical dashed lines indicate the 16th, 50th, and 84th percentiles of the distributions. The median of the parameter posterior and the 1σ error bars are displayed above each panel. The off-diagonal panels show the 2D posterior distributions, with contour lines indicating the 1σ, 2σ, and 3σ equivalent bounds.

      

    

  
    
      Fig. 12. 

      
        [image: thumbnail]
      

      
        Millimetre and X-ray luminosities for accreting compact objects in XRBs. Black hole systems are marked in black. The adopted values for the luminosities are listed in Table 9. The dashed black line and the grey shaded area show the best-fitting slope for the black hole correlation and the region on the plane at less than 3σ from the best-fitting slope, respectively (see the main text for details).
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