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Table E.1. Final priors chosen for the one planet model MCMC inference from Sect. 5.1.

Parameter Unit GJ 832 GJ 674 Ross 128

K [m s−1] U (15, 20) U (8.2, 9.2) U (0.5, 5.0)
P [d] U (3300, 4300) U (4.69, 4.70) U (9.84, 9.88) U (9.88, 9.92)
√

e sinω U (−1, 1) U (−1, 1) U (−1, 1)
√

e cosω U (−1, 1) U (−1, 1) U (−1, 1)
t0 [BJD] U (2448500, 2453500) U (2453160, 2453161) U (2453577, 2453587)

ρ [d] U (1, 500) U (1, 500) U (1, 500)
τ [d] U (0.1, 200) U (0.1, 200) U (0.1, 200)
σGP,X [d] U (0, 100) U (0, 100) U (0, 100)

sX [m s−1] U (0, 10) U (0, 10) U (0, 10)
µX [m s−1] U

(
RVX − 10,RVX + 10

)
U

(
RVX − 10,RVX + 10

)
U

(
RVX − 10,RVX + 10

)
Notes. RVX is the mean value of the RV subset X, where X denotes one of the observation subsets.

Table E.2. Final priors chosen for the two planet model MCMC infer-
ence from Sect. 5.1.

Parameter Unit Ross 128 b & c

K1 [m s−1] U (0.5, 5.0)
P1 [d] U (9.84, 9.88)
√

e1 sinω1 U (−1, 1)
√

e1 cosω1 U (−1, 1)
t0,1 [BJD] U (2453577, 2453587)

K2 [m s−1] U (0.1, 1.0)
P2 [d] U (2, 6)
√

e2 sinω2 U (−1, 1)
√

e2 cosω2 U (−1, 1)
t0,2 [BJD] U (2453579, 2453583)

ρ [d] U (1, 500)
τ [d] U (0.1, 200)
σGP,X [d] U (0, 100)

sX [m s−1] U (0, 10)
µX [m s−1] U

(
RVX − 10,RVX + 10

)
Notes. RVX is the mean value of the RV subset X, where X denotes one
of the observation subsets.
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Appendix G: Model comparison posteriors

Appendix H: Additional Figures

In this section of the appendix we present additional figures
that relate to topics discussed in the main text. We present the
window function for the HARPS observations in Figs. H.1–H.3
and the best fitting model and residuals from the MCMC infer-
ence for Ross 128 incorporating CARMENES data in Sect. 5.1.3
in Fig. H.4. The full corner plots for each model presented in
Table 5 (except the RedDots data only column) are shown in
Figs. H.5–H.8. We show the periodogram of the Hα activity
indicator for Ross 128 in Fig. H.9. Figure H.10 illustrates the
multiple peaks in the period posterior encountered for Ross 128.
photometric time series for GJ 674 and Ross 128 are given in
Figs. H.11 and H.12 and the corresponding GLS periodograms
in Figs. H.13 and H.14. The detection limit grids for GJ 832
and GJ 674 from Sect. 5.3 are shown in Figs. H.15 and H.16,
the comparison between the striping observed in Sect. 5.3 and
the residual GLS power is given in Fig. H.17 and the mean
of the residuals for the white noise realizations of Ross 128 in
Fig. H.18. Figure H.19 shows the presence detection grids for
GJ 832, GJ 674, and Ross 128 extended for very long periods.
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Fig. H.1. The window function from the GJ 832 HARPS observations. Besides the one day and one year periods, no strong periodicities are visible.

Fig. H.2. The window function from the GJ 674 HARPS observations. Besides the one day and one year periods, no strong periodicities are visible.
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Fig. H.3. The window function from the Ross 128 HARPS observations. Besides the one day and one year periods, no strong periodicities are
visible.

Fig. H.4. Left: Best fit of the 1 eccentric planet + GP-SHO model (which includes instrumental offsets) for Ross 128 (top) and the residuals
(bottom). The model and RV data are separated by a small difference in color shade and the uncertainty of the model fit indicated by the more
transparent region. The colors indicate the pre-fiber change (blue), post-fiber change (orange), and post-warmup (green) HARPS instrument
seasons and the CARMENES data (red). The model parameters can be found in Table 5. The gray box marks the extent of the zoomed sub-
panel. Middle: Zoom into the region of densest CARMENES observations marked by the gray box in the left panel. Right: Phase folded, activity
subtracted, and instrumental offset corrected RV.
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Fig. H.5. Corner contour and histogram plot for all MCMC derived parameters for the GJ 832 system from the last 5 000 steps for the one eccentric
planet + GP-SHO model. The plotted ranges are limited to exclude the lowest 10 percentiles (see. Sect. 4.4.2). The inferred parameters are given
in Table 5.

Article number, page 34 of 58



F. Liebing et al.: RedDots: Limits on habitable and undetected planets orbiting nearby stars GJ 832, GJ 674, and Ross 128

Fig. H.6. Corner contour and histogram plot for all MCMC derived parameters for the GJ 674 system from the last 5 000 steps for the one eccentric
planet + GP-SHO model. The plotted ranges are limited to exclude the lowest 10 percentiles (see. Sect. 4.4.2). The inferred parameters are given
in Table 5.
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Fig. H.7. Corner contour and histogram plot for all MCMC derived parameters for the Ross 128 system using only HARPS data from the last
5 000 steps for the one eccentric planet + GP-SHO model. The plotted ranges are limited to exclude the lowest 10 percentiles (see. Sect. 4.4.2).
The inferred parameters are given in Table 5.
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Fig. H.8. Corner contour and histogram plot for all MCMC derived parameters for the Ross 128 system using HARPS and CARMENES data
from the last 5 000 steps for the one eccentric planet + GP-SHO model. The plotted ranges are limited to exclude the lowest 10 percentiles (see.
Sect. 4.4.2). The inferred parameters are given in Table 5.
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Fig. H.9. GLS periodogram of the Hα activity indicator for Ross 128. Horizontal lines mark the false-alarm probability levels shown in the figure
legend. Vertical lines mark the inferred (solid blue) planetary period Pplanet, literature rotation period Prot (solid red), half period (red dashed),
alternative literature rotation periods Prot,alt (red dotted; see Table 1), and GP periods ρ (blue dashed).
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Fig. H.10. Successive zoom into the Ross 128 period posterior from the initial triple peak to the accepted primary peak. The only change between
the panels is the width of the prior used for the period from very wide (Top Left; showing all three peaks), narrower (Top Right; removing 10.1 d
peak) and very narrow (Bottom; Zoomed to 9.86 d [left] and 9.89 d [right]). The plotted ranges are limited to exclude the lowest 10 percentiles for
illustration purposes (see Sect. 4.4.2)
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Fig. H.11. Nightly averaged, photometric timeseries of GJ 674, observed by the ASH2 telescope. Each nights individual observations are given
(colored) with nightly averages plotted on top (black).

Fig. H.12. Nightly averaged, photometric timeseries of Ross 128, observed by the T90 telescope. Each nights individual observations are given
(colored) with nightly averages plotted on top (black).
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Fig. H.13. GLS periodogram of the nightly averaged, photometric timeseries of GJ 674. Vertical lines mark the inferred (solid blue) planetary
period of Pplanet = 4.69 d, literature rotation period Prot (solid red), half period (red dashed), and GP periods ρ (blue dashed). The planetary orbital
period matches the peak in the V Band.

Fig. H.14. GLS periodogram of the nightly averaged, photometric timeseries of Ross 128. Vertical lines mark the inferred (solid blue) planetary
period Pplanet, literature rotation period Prot (solid red), half period (red dashed), alternative literature rotation periods Prot,alt (red dotted; see
Table 1), and GP periods ρ (blue dashed).
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Fig. H.15. Grid of detections from GLS periodograms for planetery
signals injected into the GJ 832 residual RVs. The median detection
boundary is marked (black line) and the grid colored for the false-alarm-
probability at the true, injected period.

Fig. H.16. Grid of detections from GLS periodograms for planetary
signals injected into the GJ 674 residual RVs. The median detection
boundary is marked (black line) and the grid colored for the false-alarm-
probability at the true, injected period.

Fig. H.17. Comparing the GLS grid striped offsets in peak amplitudes
(left) for Ross 128 injection models to residual power in the "noise" time
series without the injected signal (right).

Fig. H.18. Average of 100 white noise realizations matching Ross 128
RV uncertainties with the true amplitude subtracted from the recovered
value. The striping visible in Figs. 10, middle panel, and individual real-
izations is almost fully averaged out in the region of accepted detections
(compare Fig. 10, left panel).
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Fig. H.19. Grid of detections from GLS periodograms for planetary signals injected into the residual RVs of GJ 832 (left), GJ 674 (middle), and
Ross 128 (right) for very long orbital periods.
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