
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Contrast curves for TOI-1801 from ’Alopeke speckle imaging (top) and from the NIRC2 instrument (bottom). The blue, red, and black lines correspond to the filters of 562 nm, 832 nm, and 2.1686 μm, respectively. The insets show the reconstructed 1.25 × 1.25″2 for ’Alopeke speckle imaging and 6.0 × 6.0″2 for the NIRC2 instrument for each of filters. None of them reveals a close companion within 0.1″ down to Δ = 4–5 mag with respect to the target.

      

    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        Photometric SED of TOI-1801. The grey line corresponds to the PHOENIX solar metallicity model (Husser et al. 2013) with Teff = 3900 Κ and log ɡ = 5.0 cm s−2.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        GLS periodogram analysis of the photometric data for TOI-1801. In all panels, the two shaded vertical yellow bands indicate the stellar rotation period, centred at 0.0625 d−1 (16 days), and its first harmonic, centred at 0.125 d−1 (8 days). The dashed horizontal blue lines corresponds to the FAP level of 0.1%.

      

    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Distribution of the NUV–J colour as a function of colour Bp–Rp for clusters in the Pleiades (~125 Myr; Olivares et al. 2018) and Hyades (~650 Myr; Röser et al. 2019). The gold and orange stars represent TOI-1801 and LP 375-24, respectively.

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        GLS periodograms of the spectral activity indicators from CARMENES VIS (green) and NIR data (red), and the S index from HIRES data (blue). In all panels, the solid vertical purple line indicates the orbital period (10.64 d) of the planet, and the vertical yellow shaded bands indicate the rotation period derived from the combined photometry data sets and half the rotation period. The dashed horizontal black lines correspond to FAP levels of 10, 1, and 0.1% (from bottom to top).

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        GLS periodograms for CARMENES VIS (green line) and CARMENES NIR (red line) in the upper panel and for HIRES (blue line) in the second panel. The third, fourth, and fifth panels (from top to bottom) show different combinations for these data sets (black line). The last three panels show the window functions. In all panels, the solid vertical purple line indicates the transiting planetary signal (10.6 d), and the shaded vertical yellow bands indicate the stellar rotation period (15–17 d) and half the rotation period. The dashed horizontal black lines correspond to FAP levels of 105, 1, and 0.1% (from bottom to top).

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        Phase-folded light curves of TOI-1801 b for data of LCO zs, MuSCAT2 g′, MuSCAT2 r′, MuSCAT2 zs, TESS, and the combination of all them. In each sub-panel, the photometric data (coloured dots) are shown, along with the binned data (white dots), the best transit-fit model (black line) in the top, and the residuals for the best fit in the bottom.

      

    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
        Phase-folded RVs for TOI-1801 b. Top panel: CARMENES VIS, CARMENES NIR, and HIRES data (green, red, and blue dots, respectively), binned data (white dots), and the Keplerian model of the joint fit (black line). Bottom panel: residuals for the best fit. Due to the size of the error bars of CARMENES NIR, and in order to properly appreciate the Keplerian model of the planet, a zoom-in has been performed on y-axis of the figure, even when some CARMENES NIR points were out of the plot.

      

    

  
    
      Table 5 

      Prior and posterior parameters of the joint fit for TOI-1801 b.

      
        


	Parameter
	Prior
	Posterior (e = 0, ω = π/2)
	Posterior (e, ω free)





	[image: equation]
	𝒩(2458903.543, 0.05)
	[image: equation]
	[image: equation]



	Pb[d]
	𝒩(10.644, 0.05)
	[image: equation]
	[image: equation]



	[image: equation]
	𝒰(0, 1)
	[image: equation]
	[image: equation]



	bb
	𝒰(0, 1)
	[image: equation]
	[image: equation]



	Kb[m s−1]
	𝒰(0, 50)
	[image: equation]
	[image: equation]



	[image: equation]
	𝒰(−1, 1)
	…
	[image: equation]



	[image: equation]
	𝒰(−1, 1)
	…
	[image: equation]



	




	γTESS[ppt]
	𝒰(−3σTESS, 3σTESS)
	[image: equation]
	[image: equation]



	σTESS[ppt]
	𝒰(0, 3σTESS)
	[image: equation]
	[image: equation]



	q1,TESS
	𝒩(0.2, 0.1)
	[image: equation]
	[image: equation]



	q2,TESS
	𝒩(0.3, 0.1)
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	𝒩(0.2, 0.1)
	[image: equation]
	[image: equation]



	[image: equation]
	𝒩(0.3, 0.1)
	[image: equation]
	[image: equation]



	γMuSCAT2 g′ [ppt]
	𝒰(−3σMuSCAT2 g′, 3σMuSCAT2 g′)
	[image: equation]
	[image: equation]



	σMuSCAT2 g′ [ppt]
	𝒰(0, 3σMuSCAT2 g′)
	[image: equation]
	[image: equation]



	q1,MuSCAT2 g′
	𝒩(0.5, 0.1)
	[image: equation]
	[image: equation]



	q2,MuSCAT2 g′
	𝒩(0.3, 0.1)
	[image: equation]
	[image: equation]



	γMuSCAT2 r′ [ppt]
	𝒰(−3σMuSCAT2 r′, −3σMuSCAT2 r′
	[image: equation]
	[image: equation]



	σMuSCAT2 r′ [ppt]
	𝒰(0, 3σMuSCAT2 r′)
	[image: equation]
	[image: equation]



	q1,MuSCAT2 r′
	𝒩(0.4, 0.1)
	[image: equation]
	[image: equation]



	q2,MuSCAT2 r′
	𝒩(0.3, 0.1)
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	𝒩(0.2, 0.1)
	[image: equation]
	[image: equation]



	[image: equation]
	𝒩(0.3, 0.1)
	[image: equation]
	[image: equation]



	γCARMENES VIS[m s−1]
	𝒰(−3σCARMENES VIS, 3σCARMENES VIS)
	[image: equation]
	[image: equation]



	σCARMENES VIS[m s−1]
	𝒰(0, 3σCARMENES VIS)
	[image: equation]
	[image: equation]



	γCARMENES VIS[m s−1]
	𝒰(−3σCARMENES NIR, 3σCARMENES NIR)
	[image: equation]
	[image: equation]



	σCARMENES VIS[m s−1]
	𝒰(0, 3σCARMENES NIR)
	[image: equation]
	[image: equation]



	γHIRES [m s−1]
	𝒰(−3σHIRES, 3σHIRES)
	[image: equation]
	[image: equation]



	σHIRES [m s−1]
	𝒰(0, 3σHIRES)
	[image: equation]
	[image: equation]



	ησ,TESS
	𝒩(5, 1)
	[image: equation]
	[image: equation]



	ησ,CARMENES VIS
	𝒩(6.3, 1.2)
	[image: equation]
	[image: equation]



	ησ,CARMENES NIR
	𝒩 (9, 2)
	[image: equation]
	[image: equation]



	ησ,HIRES
	𝒩(6.3, 1.2)
	[image: equation]
	[image: equation]



	ηL,TESS
	𝒰(2.5, 750)
	[image: equation]
	[image: equation]



	ηL,RV
	𝒰(2.5, 500)
	[image: equation]
	[image: equation]



	[image: equation]
	𝒰(12, 20)
	[image: equation]
	[image: equation]



	ηω,RV
	𝒰(0.1, 1.0)
	[image: equation]
	[image: equation]



	M*[M⊙]
	𝒩(0.548, 0.048)
	[image: equation]
	[image: equation]



	R*[R⊙]
	𝒩(0.542, 0.029)
	[image: equation]
	[image: equation]





      

      
Notes. The prior label of 𝒩 and 𝒰 represents the normal and uniform distribution, respectively.




    

  
    
      Table 6 

      Derived parameters of the joint fit for TOI-1801 b.

      
        


	Parameter
	Posterior (e = 0, ω = π/2)
	Posterior (e, ω free)





	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	ab/R*
	[image: equation]
	[image: equation]



	ib [°]
	[image: equation]
	[image: equation]



	eb
	0
	[image: equation]



	ωb [rad]
	π/2
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	ρb [g cm−3]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	




	U1,TESS
	[image: equation]
	[image: equation]



	U2,TESS
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	U1,MuSCAT2 g′
	[image: equation]
	[image: equation]



	U2,MuSCAT2 g′
	[image: equation]
	[image: equation]



	U1,MuSCAT2 r′
	[image: equation]
	[image: equation]



	U2,MuSCAT2 r′
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]



	[image: equation]
	[image: equation]
	[image: equation]





      

    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
        Mass-radius diagram for TOI-1801 b, together with all known exoplanets (grey dots) with a precision better than 8% in radius (through transit) and 20% in mass (from RV). The population of young transiting exoplanets (<900 Myr) with measured masses is plotted as coloured dots, according to their ages. The uncertainties on TOI-1801 b are shown as coloured shaded regions with 1, 2, and 3σ levels of confidence. In the left panel, the iso-density lines are displayed as dashed grey lines. In the remaining panels where the population of exoplanets is plotted along with TOI-1801 b, coloured lines indicate different composition models without gas (middle panel) and with a gas envelope (right panel) from Zeng et al. (2019). In the right panel, the solid and dotted lines show the models with temperatures of 300 and 500 K, respectively, of the corresponding specific entropy at 100 bar level in the gas envelope. The Earth and Neptune are also depicted as reference. We include B22 and M22 as references because different results have been published for the same planet, and this refers to Barragán et al. (2022) and El Mufti et al. (2023), respectively.

      

    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
        Mass-period-radius diagram. Top: period-radius diagram with all known transiting planets around low-mass stars (T*,eff < 4700 K, 0.5 R⊕ < Rp < 4 R⊕, 1 d < Porb < 100 d, following Cloutier & Menou 2020). The contour lines represent the 2D distribution of the planet radius as a function of orbital period around low-mass stars, where the grey dots indicate each independent value. We overplot the population of young (< 900 My) transiting planets with dots, and colour represents the planet age. The position of TOI-1801 b is also marked. Bottom: mass-radius diagram of all known small planets with precisely measured masses (Mp < 25%) and radii (Rp < 8%), around M-type stars (Teff < 4000 K) from Luque & Pallé (2022). Two theoretical composition models (Zeng et al. 2019) are plotted: an Earth-like composition (mass fractions of 32.5% iron and 67.5% silicates, green curve) and a planet consisting of 50% water-dominated ices and 50% silicates (blue curve). Planets are colour-coded by their equilibrium temperature. TOI-1801 b is marked with a square.

      

    

  
    
      Table A.1 

      RV data from CARMENES VIS.

      
        


	Time
	RV
	σ



	[BJD]
	[m s−1]
	[m s−1]





	2459244.7009
	2.86
	3.13



	2459247.6372
	5.41
	3.50



	2459249.7038
	−4.47
	4.05



	2459250.5704
	−2.54
	3.04



	2459264.6986
	−1.26
	2.70



	2459265.5968
	0.45
	2.44



	2459266.5624
	−6.49
	2.25



	2459278.6018
	10.33
	3.26



	2459295.5650
	6.02
	3.80



	2459299.5185
	−7.02
	2.05



	2459300.6209
	−12.85
	3.14



	2459301.4828
	−16.30
	3.25



	2459302.4694
	−3.84
	3.20



	2459307.5801
	−12.73
	3.26



	2459308.5734
	−5.50
	3.61



	2459334.5737
	0.33
	3.91



	2459336.4071
	8.17
	2.56



	2459338.4429
	−0.50
	2.14



	2459339.4163
	−6.70
	2.31



	2459340.3770
	−5.05
	2.28



	2459341.4571
	−1.92
	3.05



	2459342.4889
	−3.62
	1.86



	2459346.4100
	4.67
	2.51



	2459354.4050
	−0.49
	2.02



	2459355.3798
	4.43
	2.27



	2459356.4524
	0.75
	2.09



	2459358.5112
	1.08
	4.66



	2459359.3980
	5.05
	1.88



	2459360.3908
	4.98
	2.44



	2459363.4402
	2.13
	2.39



	2459364.3888
	−6.61
	2.22



	2459367.4516
	−1.47
	2.78



	2459368.3975
	4.54
	2.12



	2459370.4566
	−3.32
	6.29



	2459372.4031
	−1.91
	2.00



	2459386.4085
	−6.42
	2.04



	2459387.4150
	−3.26
	3.63



	2459388.4044
	1.43
	4.04



	2459390.4002
	6.53
	2.11



	2459391.4041
	8.93
	3.06



	2459392.3836
	4.75
	2.05



	2459393.4016
	8.81
	3.12



	2459560.7477
	5.17
	2.37



	2459576.7076
	0.30
	2.76



	2459595.6807
	10.73
	1.57



	2459597.6748
	3.90
	2.22



	2459603.6574
	10.01
	2.02



	2459608.6485
	2.74
	2.63



	2459610.6421
	6.33
	2.18



	2459612.6807
	9.20
	2.14



	2459614.6311
	−5.73
	2.28



	2459616.7499
	−9.26
	3.14



	2459618.6230
	3.78
	2.05



	2459620.6209
	−1.45
	1.98



	2459622.6130
	−5.79
	1.62



	2459632.6398
	−13.40
	2.49



	2459634.5765
	7.02
	2.44



	2459640.5604
	1.52
	2.01



	2459648.5406
	−0.20
	3.78



	2459672.5104
	3.84
	4.96



	2459680.4698
	−5.36
	3.02



	2459685.4754
	−6.84
	2.91



	2459695.4228
	−7.67
	2.12



	2459699.5636
	14.81
	2.63



	2459705.5196
	−2.77
	1.91



	2459707.4364
	0.80
	1.69



	2459712.3640
	−3.23
	2.07



	2459715.4000
	−7.16
	5.02



	2459718.4110
	4.13
	2.01



	2459720.4219
	11.08
	2.45



	2459722.4232
	−3.59
	3.22



	2459724.4797
	13.26
	5.74



	2459726.3978
	−1.45
	2.10



	2459728.3969
	−3.73
	1.82



	2459730.3920
	11.67
	3.24



	2459734.4793
	−4.22
	5.12



	2459736.4023
	−1.25
	1.95



	2459738.3955
	−3.39
	2.00



	2459740.3907
	2.42
	1.90



	2459742.3866
	0.20
	2.53





      

    

  
    
      Table A.4 

      RV data of iSHELL.

      
        


	Time
	RV
	σ



	[BJD]
	[m s−1]
	[m s−1]





	2458986.8506
	−36.33
	9.56



	2459002.7771
	−49.22
	8.55



	2459004.7726
	−55.76
	10.14



	2459014.7949
	−40.91
	9.72



	2459016.7501
	−42.07
	7.23



	2459021.7473
	−18.39
	10.77



	2459022.7458
	−56.44
	7.84



	2459217.1352
	−22.12
	8.01



	2459220.1138
	−27.07
	5.24



	2459221.1090
	−28.66
	7.15



	2459233.0900
	4.01
	9.60



	2459255.0838
	−11.64
	8.42



	2459257.0615
	−18.93
	7.67



	2459261.1317
	−2.92
	10.57



	2459319.9487
	−57.88
	8.37



	2459320.9520
	−55.76
	9.77



	2459321.9525
	−41.00
	10.31



	2459322.9070
	−68.26
	7.68



	2459328.8462
	−37.31
	7.52



	2459362.8718
	−5.05
	13.48



	2459363.8252
	18.53
	12.47



	2459370.8613
	17.83
	29.97



	2459371.7731
	−10.27
	21.07





      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        Spectral type determination of LP 375-24. The black and coloured lines show the LAMOST spectra of LP 375-24 and the templates from SDSS, respectively.

      

    

  
    
      Table C.1 

      Stellar parameters of LP 375-24.

      
        


	Parameter
	Value
	Reference





	Name
	LP 375-24
	Luy79



	
	TIC 119584394
	TIC



	α (J2016)
	11:42:21.0
	Gaia DR3



	δ (J2016)
	+23:03:14.8
	Gaia DR3



	Sp. type
	M4V ± IV
	This work



	ϖ [mas]
	32.404 ± 0.023
	Gaia DR3



	d [pc]
	30.893 ± 0.020
	Gaia DR3



	RUWE
	1.197
	Gaia DR3



	Teff [K]
	3210 ± 100
	This work



	M* [M⊙]
	0.279
	Newton 16



	R* [R⊙]
	0.285
	Newton 16



	υ sin i [km s−1]
	11.0
	Newton 16



	Prot [d]
	1.30 ± 0.06
	This work



	U [km s−1]
	−29.03 ± 0.39
	This work



	V [km s−1]
	−6.66 ± 0.37
	This work



	W [km s−1]
	−7.10 ± 1.87
	This work



	Gal. population
	Young disk
	This work



	Age [Myr]
	600-800
	This work



	NUV [mag]
	22.017 ± 0.442
	GALEX



	Bp [mag]
	14.691 ± 0.004
	Gaia DR3



	G [mag]
	13.193 ± 0.003
	Gaia DR3



	RP [mag]
	12.002 ± 0.004
	Gaia DR3



	J [mag]
	10.355 ± 0.020
	2MASS
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