
    
      Table 1 

      Setup of the LOFAR array during the observations.

      
        


	Parameter
	Value





	Instrument
	LOFAR-LBA



	Array setup
	LOFAR Core



	Number of stations
	21



	Antennas configuration
	LBA Outer



	Minimum frequency
	14.8 MHz



	Maximum frequency
	39.8 MHz



	Sub-bands per dataset
	122



	Channels per sub-band
	64



	Frequency resolution
	3.2 kHz



	Time resolution
	1 s



	Resolution at 14.8 MHz
	0.46 deg



	Resolution at 38.8 MHz
	0.17 deg



	Calibrator
	3C295





      

    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Planet’s phase during the LOFAR observation. The area corresponding to the previous detection is marked with a green rectangle. Similar to Turner et al. (2021), we calculate the orbital phases relative to the periastron, where the planet’s orbital period is 3.31 days and the periastron time is 2446957.81JD (Wang & Ford 2011). The blue bar on the lower left is a continuation of observation L776035.

      

    

  
    
      Table 2 

      Details of the 8-hour observations.

      
        


	LOFAR SAS ID
	Start Date and Time (UTC)
	Phase





	L776013
	2020-04-14 20:00
	0.73–0.83



	L776035(a)
	2020-04-15 20:00
	0.93–0.03



	L779351
	2020-04-23 19:30
	0.34–0.44



	L779361
	2020-04-24 19:00
	0.64–0.74



	L780101
	2020-04-28 19:00
	0.85–0.95



	L780111
	2020-04-29 19:00
	0.15–0.25



	L780121
	2020-05-01 18:30
	0.75–0.85



	L780131
	2020-05-02 18:30
	0.05–0.15





      

      
Notes. Similar to Turner et al. (2021), we calculate the orbital phases relative to the periastron, where the planet’s orbital period is 3.31 days and the periastron time is 2446957.81JD (Wang & Ford 2011). (a)This dataset could not be properly calibrated due to intense ionospheric phase and amplitude scintillations.




    

  
    
      Fig. 2 
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        Percentage of flagged data due to RFI as a function of frequency.

      

    

  
    
      Fig. 3 
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        Summary of the calibration strategy used to process the calibrator field (left) and the target field (right) for data below 40 MHz from core stations only.

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Images at 15 MHz and 24 MHz in different polarisations for an integration time of 56 hours and a bandwidth of 1.2 MHz. The planet should be at the centre of the red circle. The beam shape is in the lower-left corner.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Images in different polarisations for an integration time of 56 hours and a bandwidth of 35 MHz. The planet should be at the centre of the red circle. The beam shape is in the lower-left corner.

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        Dynamic spectrum for different polarisations at the resolution of 1 minute and 1 MHz for all the datasets concatenated. The vertical black lines demarcate the datasets. The noise increases at the beginning and the end of the observation due to the target’s low elevation.

      

    

  
    
      Table 3 

      Noise levels and resolutions for the images of the Tau Boötis b field.

      
        


	Image frequency
	15 MHz
	24 MHz
	15–40 MHz





	bmax
	0.34°
	0.26°
	0.14°



	bmin
	0.23°
	0.18°
	0.09°



	PA
	132°
	132°
	132°



	Stokes I noise
	413 mJy
	304 mJy
	32 mJy



	Stokes V noise
	91mJy
	34 mJy
	12mJy





      

      
Notes. bmin and bmax are the minor and major axis and PA is the position angle.




    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Measured noise (dots) and predicted noise (line) for the Stokes I (red) and Stokes V (blue) polarisation as a function of time for different frequencies. The bandwidth is 1.2 MHz.

      

    

  
    
      Table 4 

      Upper limits of the planet’s radio flux for different time resolutions and different polarisations.

      
        


	Integration time
	56 hours
	8 hours





	Unpolarised radiation
	24 mJy
	64 mJy



	Circularly polarised radiation
	64 mJy
	170 mJy





      

    

  
    
      Fig. 8 
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        Predicted radio flux densities of Tau Boötis b from different studies. Grießmeier et al. (2007b) consider two flux densities, one for the magnetic (higher) and one for the kinetic (lower) incoming flux approximation. We find three flux densities, one for the magnetic approximation (highest), one for the kinetic approximation (middle), and one for when the radio power is saturated (lowest).

      

    

  
    
      Fig. A.1 
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        Phase solutions of the calibrator for the longest baseline.

      

    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Calibrator images in different polarisations for an integration time of 56 hours and a bandwidth of 35 MHz. The beam shape is in the lower-left corner. The leaked flux from Stokes I to Stokes V is 2 Jy (3%).

      

    

  
    
      Fig. B.2 

      
        [image: thumbnail]
      

      
        Calibrator images at 15 MHz and 24 MHz in different polarisations for an integration time of 56 hours and a bandwidth of 1.2 MHz. The beam shape is in the lower-left corner. The leaked flux from Stokes I to Stokes V is below the noise at 15 MHz and 2 Jy (5%) at 24 MHz.

      

    

  
    
      Table B.1 

      Noise levels and resolutions for the calibrator field.(a)

      
        


	Image frequency
	15 MHz
	24 MHz
	15 MHz-40 MHz





	bmax
	0.31°
	0.24°
	0.12°



	bmin
	0.21°
	0.17°
	0.09°



	PA
	119°
	119°
	119°



	Stokes I noise
	395 mJy
	273 mJy
	26 mJy



	Stokes V noise
	97 mJy
	45 mJy
	10 mJy





      

      
Notes.(a) bmin and bmax are the minor and major axis, and PA is the position angle.




    

  
    
      Fig. C.1 
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        Phase solutions of the target self-calibration step for the longest baseline.
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