
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Bar chart showing the differences of the log-evidence of the 21 tested models (labelled on the X-axis) and the 0p model. The grey, green, and blue bars correspond to models with zero, one, and two planets, respectively. The red and grey circles indicate the posterior semi-amplitudes and RV jitters of the tested models. The red crosses indicate null semi-amplitude values, either because they correspond to a model without planets, or because the MCMC fit did not converge.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Bar chart showing the log-evidence of the four preferred models with respect to the 0p model in the TESS+HARPS joint analysis (Sect. 4.4). The grey shaded region indicates the 0 ≥ Δln𝒵 ≥ −5 region from the largest evidence model (1p1cL).

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        HARPS RVs (left) and TESS photometry (right) subtracted from the linear drift and GP component, and folded to the orbital period of TOI- 5005 b. The black error bars represent the instrument uncertainties and the grey error bars represent the total uncertainties obtained by quadratically adding the corresponding jitter term. The red solid lines indicate the median posterior models. In the HARPS RVs plot we also include 100 random posterior models that illustrate the level of modelling uncertainty.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Links between the orbital motion of TOI-5005 b and the TESS photometric variability of TOI-5005. Left panels: TESS photometry of TOI-5005 folded in phase with the orbital period of TOI-5005 b (Sect. 4.4, Table D.6) and binned with ≃5% phase bins. The orange line corresponds to the filtered photometry through a median filter with a kernel size of 1401 cadences. The blue, red, and white vertical lines indicate whether the photometry increases, decreases, or remains stable in time lapses of ≃1.5 h. Right panels: orbital path of TOI-5005 b, which follows the anticlockwise direction. The circles represent the location of TOI-5005 b every ≃1.5 h and are coloured similarly to the vertical lines in the left panels. In all panels the white and grey backgrounds represent the orbital regions in which a hypothetical co-rotating active region would be visible and not visible from Earth, respectively.

      

    

  
    
      Fig. 11 
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        TOI-5005 b in the period-radius diagram of close-in exoplanets, where we highlight the population-based boundaries of the Neptunian desert, ridge, and savanna derived in Castro-González et al. (2024a). The data were collected from the NASA Exoplanet Archive (Akeson et al. 2013) on 20/09/2024. This plot was generated with nep-des (https://github.com/castro-gzlz/nep-des).

      

    

  
    
      Fig. 12 
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        TOI-5005 b in the mass-radius and density-period diagrams. Left: mass-radius diagram of all Neptunian planets with masses and radii with precisions better than 20%. Right: density-period diagram of the same sample. The data were collected from the NASA Exoplanet Archive on 20/09/2024. This plot was generated with mr-plotter (https://github.com/castro-gzlz/mr-plotter; Castro-González et al. 2023).

      

    

  
    
      Fig. 13 
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        Heavy element enrichment of planets relative to their host stars as a function of mass. The black data points are from Thorngren et al. (2016), and the planet mass and enrichment of TOI-5005 b were inferred in Sects. 4.4 and 5.3, respectively

      

    

  
    
      Fig. 14 
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        Modelled atmospheric spectra of TOI-5005 b assuming a solar and 500× solar metallicity atmosphere. Left panel: transmission spectra, with cloud decks for each model at 1 bar and 1 mbar for each of the cases. Right panel: eclipse depths of the dayside atmosphere. Both show similar feature strengths and absorption from spectroscopically active species.

      

    

  
    
      Fig. A.1 

      
        [image: thumbnail]
      

      
        Transit-like signals within the TESS photometry of TOI-5005. Left panels: Photometric time series. The magenta line is the trend used to flatten the photometry before the periodogram computation, which was obtained through the time-windowed biweight method implemented in wotan (Hippke et al. 2019) with a 1-day window length. The orange circles correspond to 1.3-day binned data. Centre panels: Transit least squares periodograms of the corresponding time series. The vertical magenta dashed lines indicate the orbital period of TOI-5005.01, and the vertical magenta dotted lines indicate its second, third, and fourth harmonics. Right panels: Flattened time series folded to the maximum power periods.

      

    

  
    
      Fig. A.2 
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        Sinusoidal signals within the TESS photometry of TOI-5005. Left panels: Photometric time series without the TOI-5005.01 transits. The orange circles correspond to 1.3-day binned data. Centre panels: Generalized Lomb-Scargle Periodograms of the time series. The vertical magenta dashed lines indicate the orbital period of TOI-5005.01. The green circles and boxes indicate the maximum power frequencies. Right panels: Photometric time series folded to the orbital period of TOI-5005.01. The phase is referred to the time of inferior conjunction. The orange circles correspond to data binned over phase windows of 0.1 in width.

      

    

  
    
      Table D.1 

      TESS Simple Aperture Photometry (SAP) of TOI-5005. The complete table is available at the CDS.

      
        


	BJD (days)
	SAP
	QF
	Sector





	2458624.995
	1.0026 ± 0.0016
	18432
	TESS12



	…
	…
	…
	…





      

    

  
    
      Table D.2 

      TESS QLP and PDCSAP photometry of TOI-5005. The complete table is available at the CDS.

      
        


	BJD (days)
	QLP/PDCSAP
	QF
	Sector





	2458629.891
	1.0047 ± 0.0013
	0
	TESS12



	…
	…
	…
	…





      

    

  
    
      Table D.5 

      HARPS radial velocities and activity indicators of TOI-5005 acquired between 15 March 2023 and 18 August 2023 under the programmes 108.21YY.001 and 108.21YY.002. The complete table is available at the CDS.

      
        


	RJD (days)
	RV (ms−1)
	FWHM (ms−1)
	S-index
	Ca
	
	Contrast (%)





	60018.834
	17877.4 ± 3.5
	7153.9 ± 10.1
	0.208 ± 0.011
	0.1742 ± 0.0044
	0.2642 ± 0.0035
	48.662



	…
	…
	…
	…
	…
	…
	…





      

    

  
    
      Table D.6 

      Inferred parameters of T0I−5005 b based on the joint analysis described in Sect. 4.4.

      
        


	Parameter
	Priors
	Posteriors





	Orbital and physical parameters



	




	Orbital period, Porb (days)
	𝒰(5.0, 7.0)
	[image: equation]



	Time of mid−transit, T0 (JD)
	𝒰(2460089.0, 2460091.0)
	2460090.0356 ± 0.0010



	Orbital inclination, i (degrees)
	𝒰(50.0, 90.0)
	[image: equation]



	Scaled planet radius, Rp/R⋆
	𝒰(0.0, 0.1)
	0.0616 ± 0.0012



	RV semi−amplitude, K (m s−1)
	𝒰(0.0, 105)
	11.6 ± 2.1



	Ecc. parametrization, [image: equation]
	(fixed)
	0



	Ecc. parametrization, [image: equation]
	(fixed)
	0



	Planet radius, Rp (R⊕)
	(derived)
	6.25 ± 0.24



	Planet radius, Rp (RJ)
	(derived)
	0.558 ± 0.021



	Planet mass, Mp (M⊕)
	(derived)
	32.7 ± 5.9



	Planet mass, Mp (MJ)
	(derived)
	0.103 ± 0.018



	Planet density, ρp (g cm−3)
	(derived)
	0.74 ± 0.16



	Transit depth, ∆ (ppt)
	(derived)
	3.80 ± 0.15



	Transit duration, T14 (hours)
	(derived)
	3.144 ± 0.046



	Relative orbital separation, a/R⋆
	(derived)
	15.29 ± 0.50



	Orbit semi−major axis, a (au)
	(derived)
	0.06614 ± 0.00045



	Planet surface gravity, 𝑔 (m s−2)
	(derived)
	8.2 ± 1.6



	Impact parameter, b
	(derived)
	0.13 ± 0.10



	Incident flux, Finc (F⊕)
	(derived)
	226 ± 12



	Equilibrium temperature [A=0], Teq (K)
	(derived)
	1040 ± 20



	




	Limb−darkening coefficients



	




	Limb−darkening coefficient, q1, TESS
	𝒵𝒯𝒢(0.32, 0.32)
	[image: equation]



	Limb−darkening coefficient, q2, TESS
	𝒵𝒯𝒢(0.36, 0.14)
	[image: equation]



	Limb−darkening coefficient, q1, PEST
	𝒵𝒯𝒢(0.43, 0.37)
	[image: equation]



	Limb−darkening coefficient, q2, PEST
	𝒵𝒯𝒢(0.38, 0.12)
	[image: equation]



	Limb−darkening coefficient, q1, TRAPAIST–South
	𝒵𝒯𝒢(0.27, 0.29)
	[image: equation]



	Limb−darkening coefficient, q2, TRAPAIST–South
	𝒵𝒯𝒢(0.34, 0.15)
	[image: equation]



	




	GP hyperparameters



	




	[image: equation]
	𝒰(0, 0.5)
	[image: equation]



	[image: equation]
	𝒰(0, 0.5)
	[image: equation]



	[image: equation]
	𝒰(0, 0.5)
	[image: equation]



	[image: equation] (days)
	𝒰(0, 30)
	[image: equation]



	[image: equation] (days)
	𝒰(0, 30)
	[image: equation]



	[image: equation] (days)
	𝒰(0, 30)
	[image: equation]



	




	Instrument−dependent parameters



	




	TESS LC level S12, F0, S12
	𝒰(−0.1, 0.1)
	[image: equation]



	TESS LC level S39, F0, S39
	𝒰(−0.1, 0.1)
	[image: equation]



	TESS LC level S65, F0, S65
	𝒰(−0.1, 0.1)
	[image: equation]



	TESS LC jitter S12, σTESS, S12
	𝒰(0, 0.005)
	0.000831 ± 0.000030



	TESS LC jitter S39, σTESS, S39
	𝒰(0, 0.005)
	0.000750 ± 0.000039



	TESS LC jitter S65, σTESS, S65
	𝒰(0, 0.005)
	[image: equation]



	HARPS RV jitter, σjit, HARPS (m s−1)
	𝒰(0, 100)
	[image: equation]



	




	PEST and TRAPPIST−South detrend parameters



	




	cPEST, x
	𝒰(−104, 104)
	0.001 ± 0.020



	cPEST, y
	𝒰(−104, 104)
	−0.011 ± 0.016



	cPEST, dist
	𝒰(−104, 104)
	0.0151 ± 0.0055



	cPEST, fwhm
	𝒰(−104, 104)
	−0.0047 ± 0.0021



	cPEST, χ
	𝒰(−104, 104)
	0.0008 ± 0.0013



	cPEST, sky
	𝒰(−104, 104)
	−0.00033 ± 0.00032



	cTRAPPIST–South, dx
	𝒰(−104, 104)
	0.0000078 ± 0.0000013



	cTRAPPIST–South, dy
	𝒰(−104, 104)
	0.0000052 ± 0.0000015



	cTRAPPIST–South, fwhm
	𝒰(−104, 104)
	−0.0041 ± 0.0010



	cTRAPPIST–South, sky
	𝒰(−104, 104)
	0.0027 ± 0.0017



	cTRAPPIST−South, χ
	𝒰(−104, 104)
	0.0017 ± 0.0013



	




	RV linear drift



	




	Systemic velocity, υHARPS (m s−1)
	𝒰(17800, 17900)
	17858.6 ± 2.3



	Slope, γHARPS (m s−1 day−1)
	𝒰(0, 1)
	0.143 ± 0.031
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