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ABSTRACT

We announce the discovery of two planetary companions orbiting around the low-mass stars Ross 1020 (GJ 3779, M4.0V) and LP 819-
052 (GJ 1265, M4.5V). The discovery is based on the analysis of CARMENES radial velocity (RV) observations in the visual channel
as part of its survey for exoplanets around M dwarfs. In the case of GJ 1265, CARMENES observations were complemented with
publicly available Doppler measurements from HARPS. The datasets reveal two planetary companions, one for each star, that share
very similar properties: minimum masses of 8.0 + 0.5 Mg and 7.4 + 0.5 Mg in low-eccentricity orbits with periods of 3.023 + 0.001d
and 3.651 £ 0.001 d for GJ 3779 b and GJ 1265 b, respectively. The periodic signals around 3 d found in the RV data have no counterpart
in any spectral activity indicator. Furthermore, we collected available photometric data for the two host stars, which confirm that the
additional Doppler variations found at periods of approximately 95d can be attributed to the rotation of the stars. The addition of
these planets to a mass-period diagram of known planets around M dwarfs suggests a bimodal distribution with a lack of short-period
low-mass planets in the range of 2-5 My, It also indicates that super-Earths (>5 M) currently detected by RV and transit techniques
around M stars are usually found in systems dominated by a single planet.

Key words. techniques: radial velocities — stars: late-type — stars: low-mass — planetary systems

1. Introduction

The search for exoplanets has become a prominent research field
in the past twenty years, particularly the detection of rocky plan-
ets in the habitable zones of their parent stars. The radial velocity
(RV) technique has been successfully applied to detect such

* The RV and formal uncertainties of GJ 3779 and GJ 1265 are only
available at the CDS via anonymous ftp to
cdsarc.u-strasbg. fr (130.79.128.5) or via
http://cdsarc.u-strasbg. fr/viz-bin/qcat?J/A+A/620/A171

Article published by EDP Sciences

companions around M dwarfs given the relatively low mass of
these stars (Marcy et al. 1998; Rivera et al. 2005; Udry et al.
2007; Bonfils et al. 2013; Anglada-Escudé et al. 2016). M stars
account for three quarters of all stars known within 10 pc of our
solar system (Henry et al. 2016) and show an average occur-
rence rate of more than two planets per host star (Dressing &
Charbonneau 2015; Gaidos et al. 2016).

Despite their high potential for finding rocky planets, M
dwarfs pose various observational difficulties. On the one
hand, low-mass stars emit more flux in the near-infrared (NIR)
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than in the visual (VIS). On the other hand, chromospheric
variability and activity cycles may produce changes in the
spectral line profiles, which mimic a Doppler shift. These
periodic variations induce signals in the RV data that could be
incorrectly interpreted as being of planetary origin (e.g. Queloz
et al. 2001; Robertson et al. 2014; Sarkis et al. 2018). Since
stellar jitter can reach amplitudes of a few metres per second,
detecting low-signal companions generally requires a consid-
erable number of observations (Barnes et al. 2011). However,
since the amplitude of an activity-related signal is expected to
be wavelength-dependent, a successful program searching for
exoplanets around M dwarfs must tackle these difficulties by
observing simultaneously in the widest possible wavelength
range, especially covering the reddest optical wavelengths, and
following an observing strategy that ensures numerous and
steady observations covering a long time span.

The CARMENES search for exoplanets around M dwarfs
accomplishes these requirements in its guaranteed time obser-
vation (GTO) M dwarf survey, which began in January 2016
(Reiners et al. 2018b). Ross 1020 (GJ 3779) and LP 819-052
(GJ 1265) are two mid-type M dwarfs monitored as part of this
project. Their RVs indicate the presence of two super-Earths in
short-period orbits of the order of 3 d. Section 2 summarises the
basic information of the host stars. In Sect. 3, the RV observa-
tions for each star are presented. The analysis of the RV data
is explained in Sect. 4, while in Sect. 5 we discuss the results
from the Keplerian fit and the location of the two planets in a
mass-period diagram.

2. Stellar parameters

The basic information of the host stars GJ 3779 and GJ 1265
is presented in Table 1. Both targets exhibit similar properties
and their values are consistent with the literature. They are mid-
type M dwarfs that kinematically belong to the Galactic thin disc
(Cortés-Contreras 2016), with GJ 1265 being part of the young
population. Their photospheric metallicities are compatible with
solar values (Neves et al. 2014; Newton et al. 2014; Passegger
et al. 2018). They are thought to be inactive, with no emission in
Ho (Jeffers et al. 2018) and only very faint X-ray emission for the
case of GJ 1265 (Rosen et al. 2016). The photospheric parameters
of the stars were determined as in Passegger et al. (2018) using
the latest grid of PHOENIX-ACES model spectra (Husser et al.
2013) and the method described in Passegger et al. (2016). We
determined the radii R using Stefan—Boltzmann’s law, the spec-
troscopic Teg as in Passegger et al. (2018), and the luminosities
L by integrating the photometric stellar energy distribution col-
lected for the CARMENES targets (Caballero et al. 2016) with
the Virtual Observatory Spectral energy distribution Analyser
(Bayo et al. 2008). The stellar masses were derived from the lin-
ear M-R relation presented by Schweitzer et al. (in prep.). These
values are the same using instead empirical mass—luminosity
relations such as those presented by Delfosse et al. (2000) and
Benedict et al. (2016). The details of the calculation of the physi-
cal parameters are described in Reiners et al. (2018a) and will be
reported in further detail by Schweitzer et al. (in prep.).

The star GJ 3779 (Ross 1020, J13229+244) is a high proper
motion star classified as M4.0 V by Hawley et al. (1996). It
resides in the Coma Berenices constellation, located at a dis-
tance of d = 13.748 £ 0.011 pc (Gaia Collaboration 2018) with
an apparent magnitude in the J band of 8.728 mag (Skrutskie
et al. 2006). Using CARMENES data, Reiners et al. (2018b)
determined its absolute RV to be V, = —19.361kms~! and a
Doppler broadening upper-limit of vsini < 2kms™.
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Table 1. Stellar parameters for GJ 3779 and GJ 1265.

Parameter GJ 3779 GJ 1265 Ref.
Main identifiers and coordinates
Name Ross 1020 LP 819-052
Karmn J13229 + 244 J22137-176
x 13:22:56.74 22:13:42.78 2MASS
1 +24:28:03.4 —17:41:08.2 2MASS
Spectral type and magnitudes
SpT M4.0V M4.5V PMSU
G [mag] 11.6266 + 0.0008 12.0807 + 0.0006 Gaia DR2
J [mag] 8.728 + 0.02 8.955 +0.03 2MASS
Kinematics
d [pc] 13.748 £ 0.011 10.255 £ 0.007  Gaia DR2
MU €cOs & [mas yr"] —-615.95+0.13 856.89 +0.12 Gaia DR
s [masyr™] -865.13+£0.10 -306.30+0.11 Gaia DR2
V, [kms™] -19.361 —24.297 Reil8
Photospheric parameters
Ter [K] 3324 + 51 3236 + 51 This work®
logg 5.05+0.07 5.09 £0.07 This work?
[Fe/H] 0.00 +0.16 -0.04 £0.16  This work®
Derived physical parameters
L[107 Ly] 867 = 11 364 +5 This work
R [Ro] 0.281 +0.010 0.192 + 0.007 This work
M [My] 0.27 +£0.02 0.178 £ 0.018 This work
Stellar rotation
vsini [kms™!] <20 <2.0 Reil8
P [d] 95+5 >70 This work

References. 2MASS: Skrutskie et al. (2006); PMSU: Hawley et al.
(1996); Gaia DR2: Gaia Collaboration (2018); Reil8: Reiners et al.
(2018b). “WEstimated as in Passegger et al. (2018).

The object GJ 1265 (LP 819-052, J22137-176) is also a high
proper motion star at a distance of d = 10.255 + 0.007 pc (Gaia
Collaboration 2018) in the Aquarius constellation. Its apparent
magnitude in the J band is 8.955 mag (Skrutskie et al. 2006),
and it is approaching the solar system with an absolute RV of
V, = —=24.297kms™" (Reiners et al. 2018b). The star exhibits a
luminosity in X-rays of log Lx = 26.1 + 0.2 ergs™', measured
with the XMM-Newton observatory (Rosen et al. 2016). There-
fore, we can estimate the rotational period of the star to be of
the order of 100d following the Lx—P;y relation proposed by
Reiners et al. (2014).

3. Observations

The CARMENES instrument, installed at the 3.5 m Calar Alto
telescope at the Calar Alto Observatory in Spain consists of
a simultaneous dual-channel fibre-fed high-resolution spectro-
graph covering a wide wavelength range from 0.52um to
0.96 yum in the VIS and from 0.96 um to 1.71 ym in the NIR, with
spectral resolutions of R = 94 600 and R = 80400, respectively
(Quirrenbach et al. 2014). The performance of the instrument
and its ability to discover exoplanets around M dwarfs using the
RV technique has already been demonstrated by Trifonov et al.
(2018), Reiners et al. (2018a), and Kaminski et al. (2018).

The survey contains 104 observations for GJ 3779 in the
VIS channel covering a time span of 820d, with typical expo-
sure times of 1800 s and median internal RV precision of oyis =
1.7ms™". In the case of GJ 1265, 87 observations were acquired
in the visible, covering a timespan of 782d, typical exposure
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Fig. 1. K2 light curve of GJ 1265. The photometric variability of the
star is longer than the 69 d baseline of the observations.

times of 1800s, and median internal RV precision of oyig =
1.8ms~!. The NIR median internal RV precisions are consider-
ably higher: oy = 10.4ms™! and ongg = 6.7ms™! for GJ 3779
and GJ 1265, respectively. As a result, we only use the RVs from
the VIS channel in our analysis.

Doppler measurements, together with several spectral indi-
cators useful to discuss the planetary hypothesis, were obtained
with the SERVAL program (Zechmeister et al. 2018) using high
signal-to-noise-ratio (S/N) templates created by co-adding all
available spectra of each star. They are corrected for barycentric
motion (Wright & Eastman 2014) as well as for secular accel-
eration, which is important for stars with high proper motions
(Zechmeister et al. 2009). In addition, the RVs were corrected
by means of an instrumental nightly zero-point (NZP), which
was calculated from a subset of RV-quiet stars observed each
night whose RV standard deviation is less than 10ms~!. This
correction is described in Trifonov et al. (2018). For each spec-
trum, we also computed the cross-correlation function (CCF)
using a weighted mask by co-adding the stellar observations
themselves. Fitting a Gaussian function to the final CCF, we
determined the RV, FWHM, contrast, and bisector velocity
span. The methodology regarding how the CCF is computed
for our CARMENES spectra is described in Reiners et al.
(2018a).

Moreover, for our southern target, GJ 1265, we further
included 11 publicly available observations from HARPS
(Mayor et al. 2003) taken between July 2003 and July 2014. We
used SERVAL to derive their RVs and obtained a median inter-
nal uncertainty of oyarps = 5.6ms~!. The individual RVs for
GJ 3779 and GJ 1265 are shown in Figs. 3 and 6, respectively.

In addition to the Doppler measurements, we also collected
available photometry for both targets with the goal of determin-
ing the rotational period. We analysed photometric time series
for GJ 3779 from The MEarth Project (Charbonneau et al. 2008;
Berta et al. 2012) from January 2009 to July 2010 in the RG715
filter. For GJ 1265 (EPIC 205913009) we employed photomet-
ric time series from the K2 space mission during its Campaign
3 (Vanderburg & Johnson 2014) from November 2014 to Febru-
ary 2015. Figure 1 shows the photometric variability of GJ 1265.
Assuming that the signal is close to sinusoidal we derive a rota-
tional period of ~95d, which agrees with the ~100d rotational
period estimated from the X-ray luminosity presented in Sect. 2.
However, due to the mix of periodic and stochastic behaviour
of stellar variability and the fact that the K2 time span does
not cover a full phase of such a period, we can only conclude
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that GJ 1265 is a slowly rotating star with a period longer
than 70 d.

4. Data analysis
4.1. GJ 3779 b

In Fig. 2, we show the generalized Lomb—Scargle periodograms
(GLS; Zechmeister & Kiirster 2009) of different data products
obtained with SERVAL and our CCF analysis. For each panel,
we compute the theoretical false alarm probability (FAP) as
described in Zechmeister & Kiirster (2009), and show the 10%,
1%, and 0.1% levels. In the CARMENES RVs (Fig. 2a), a single
relevant peak with FAP = 2.2 x 1073 at f = 0.3307d™! (P =
3.023 d) is found. The next highest peak in the RVs GLS, though
above FAP = 10%, is found at f = 0.0105 d~! (P = 95.244d),
which agrees with the periodic photometric variation found in
the MEarth data (Fig. 2c). After subtraction of the 3.023 d peri-
odic signal in the RV GLS, no further significant signals are
found (Fig. 2b).

A strong alias' of the signal discussed so far is found at a
frequency of 1d™! — f = 0.6693d~!. A periodogram of the data
does not provide information about which of the two peaks is
the true planetary signal. However, the peak at 1d~" — £, that is,
P = 1.494d, has less power and therefore appears less likely to
be the true period. If the fitted signal is the one at P = 1.494d,
the 3.023 d peak in the RV GLS does not disappear, proving that
the P = 1.494 d signal is indeed an alias of the ~3 d one. Further-
more, if we choose the true Keplerian period to be the shortest
one at ~1.5d, the goodness of the fit gets significantly worse,
changing from x2 = 2.6 to X3 = 5.6, and the derived eccentric-
ity of the orbit becomes larger, which is unlikely compared to the
period and eccentricity distributions of known exoplanets.

Taking full advantage of the spectral information provided
by SERVAL and the one contained in the CCF, we further
investigate possible periodic signals related with chromospheric
activity of the host star that may have induced RV variations.
Periodograms of the chromatic index (CRX), differential line
width (dLW), and Hx index as described in Zechmeister et al.
(2018) are shown in panels d—f of Fig. 2, while full width half
maximum (FWHM), contrast (CTR), and bisector velocity span
(BVS) from the CCF are shown in panels g—i.

Only the dLW GLS shows significant peaks between 80 and
100 d, almost coincident with those found in the photometry, the
radial velocities, best-fit residuals, and the CCF FWHM. We also
investigated the nature of the marginal power close to ~3 d with
FAP ~ 10% present in Fig. 2d. A significant signal in the CRX
at the RV period may indicate that the measured Doppler shifts
are dependent on wavelength, which would refute the planetary
hypothesis. However, we checked that there is no correlation in
the RV—-CRX scatter plot that may call into question the nature of
the periodic signal at f = 0.3307d"! (see left panel of Fig. B.1).
None of the other indicators show periodicity at this frequency
and therefore we conclude that the periodic signal at 3.023d is
due to a planetary origin and the signal at P ~ 95d is related to
the rotation of the star.

To obtain the orbital parameters of the planet, we fit the
RV dataset searching for the x> minimum using the Levenberg—
Marquardt method (Press et al. 1992) in a Keplerian scheme.
The best-fit Keplerian orbital parameters and their correspond-
ing 10 uncertainties of the planet GJ 3779 b are listed in Table 2.

1 For the sake of clarity, we only show the full GLS periodogram up to
1d7!in Fig. A.l.
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Fig. 2. GLS periodograms for GJ 3779 CARMENES RVs (panel a)
and its residuals (panel b) after removing the prominent peak at f =
0.3307d7! (P = 3.023d), marked in red. Panel c: periodogram of a
photometric campaign of MEarth data from 2010. The highest peak
at fior = 0.0105d7" (P = 95.2d) associated with the star’s rotation is
marked with a solid blue line and its first harmonic (2 f;,,) with a dashed
blue line. Panels d—f: periodograms of the chromatic index, differen-
tial line width, and Hx index, while panels g—i show periodograms for
the cross-correlation function FWHM, contrast, and bisector velocity
span. Horizontal lines show the theoretical FAP levels of 10% (short-
dashed line), 1% (long-dashed line), and 0.1% (dot-dashed line) for each
panel.
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Fig. 3. CARMENES RVs and residuals phase-folded to the best
Keplerian fit consistent with a 3.023 d period planet around GJ 3779.

We estimated the uncertainties of the best-fit parameters using
two different approaches. First, we obtained the errors given by
the covariance matrix in the Levenberg—Marquardt algorithm
itself. Second, using the Markov chain Monte Carlo (MCMC)
sampler emcee (Foreman-Mackey et al. 2013) and a Keplerian
model with flat priors, we can derive median and 10 uncertainty
values from the posterior distributions. A noise term ("jitter")
is modelled simultaneously during the parameter optimisation
following Baluev (2009). The posterior distributions from the
MCMC analysis are shown in Fig. C.1.

The phased RVs and their residuals around the best fit are
shown in Fig. 3. The abscissa values of phase-folded plot are
determined by computing the difference between each Julian
date and the epoch of the first RV observation, and then com-
puting the remainder of the quotient of this difference with the
orbital period. The planet candidate GJ 3779 b has a minimum
mass of 8.0 = 0.5 Mg orbiting at a semi-major axis of 0.026 au,
much closer to the host star than the conservative habitable-zone
limits (0.094-0.184 au; Kopparapu et al. 2013, 2014). The results
from best-fit and MCMC analyses all agree within the uncertain-
ties. The posterior distributions show Gaussian profiles and peak
close to the best-fit values from Table 2.

Finally, using the photometric time-series data, we looked
for the possibility that GJ 3779 b transits its host star. After
detrending and flattening, no significant peaks were found in
the box-fitting least squares (BLS) periodogram (Kovdcs et al.
2002). Nevertheless, we shifted the observations to the predicted
secondary transit following Kane et al. (2009) and phase-folded
the light curve to the 3.023 d period of the planet. We did not
find any hints of transits, as shown in Fig. 4. However, since
the radius of the planet could be between 1-3 Rg depending on
the volatile content, the depth of a hypothetical transit could be
between 0.1 and 1.0%. In addition, since the expected duration
of the transit is approximately 1 h, the uncertainties of the transit
window are large, and there are gaps in the phase-folded pho-
tometric data, there could still be a chance that the transit was
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Fig. 4. Phase-folded light curve to the 3.023d planet period of the
MEarth photometric data for GJ 3779. The grey shaded area marks the
expected transit duration. The central time of the expected transit is also
marked with a vertical bar.

missed or hidden in the noise of the MEarth data. Therefore, we
conclude that more data would be required to completely rule
out the possibility that GJ 3779 b transits its host star.

4.2. GJ 1265 b

The same approach as for the previous system was applied for
the RV analysis of GJ 1265. The first three panels of Fig. 5 show
the GLS periodograms for the CARMENES, HARPS, and com-
bined (CARMENES+HARPS) radial velocities. A prominent
single peak at f = 0.2739d™! (P = 3.651 d) and its correspond-
ing alias at 1d™! — f (Fig. A.1, right panel) can be seen in the
CARMENES dataset. Even though the HARPS measurements
are not sufficient and are too spread in time to detect the short-
period signal in the GLS, when combined with the CARMENES
radial velocities the aforementioned peak increases in signifi-
cance from FAP = 2.1 x 107 using only CARMENES data to
FAP = 1.7 x 107% adding the HARPS RVs, also improving the
frequency resolution. The nature of the peak at 1d~' — f has
been analysed in the same way as in Sect. 4.1, concluding that
it is an alias of the true Keplerian signal. Fitting a sinusoid at
3.651 d, the GLS of the residuals (Fig. 5d) exhibits some power at
f <0.012d7! (P > 83.3d), which is compatible with the stellar
variability seen in the K2 photometry (Fig. 1) and the predicted
rotational period derived in Sect. 2.

In the periodogram analysis of the activity indicators, no
remarkable peaks have been found at the frequency of the
RV signal or the rotational period of the star. However, fol-
lowing the procedure explained in Sect. 4.1, we checked the
nature of the power at ~5d in the CRX. As in the previous
case, no significant correlation was found between the RVs
and the CRX in the CARMENES VIS data (Fig. B.1, right
panel), either between HARPS RVs and the CCF parameters
or Hx. Gathering all the evidence, we conclude that the peri-
odic signal found in the CARMENES RVs can only be due
to the star’s reflex motion caused by a planetary companion.
Therefore, we took the RVs GLS periodogram peak as initial
period guess to fit a Keplerian orbit to the combined RV dataset
using the Levenberg—Marquardt method. The best-fit Keplerian
orbital parameters and 1o uncertainties of the planet candidate
GJ 1265 b are listed in Table 2, with their corresponding MCMC
analysis as explained in Sect. 4.1 shown in Fig. C.2.

Combined phase-folded RVs together with their best-fit are
depicted in Fig. 6. The rms around the best-fit is of 3.0ms™!
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Fig. 5. GLS periodograms for GJ 1265 CARMENES (panel a), HARPS
(panel b), and combined CARMENES+HARPS (panel c) data. Panel
d: residuals after removing the prominent peak at f = 0.2739d! (P =
3.651 d) marked in red. The blue shaded area depicts the excluded plan-
etary region due to stellar variability as discussed in Sect. 3. Panels e—j
and horizontal lines are the same as in Fig. 2.

and 8.3ms™' for the CARMENES and HARPS RVs, respec-
tively, which corresponds to 1.50 and 1.20 given their internal
RV uncertainties. The planet orbiting around the M dwarf
star GJ 1265 shows similar properties to the one presented in
Sect. 4.1, with a minimum mass of 7.4 + 0.5 Mg in a 3.651d
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Table 2. Keplerian orbital parameters and 1o uncertainties of the planet

candidates.

Parameter Best-fit MCMC

GJ3779b
K [ms™'] 8.61 +0.40 8.62%039
P[d] 3.0232 +0.0013 3.023270:000
e 0.07 £0.05 0.0670:03
w [deg] 225 +42 231+
M [deg]* 339+41 33332
Yvis [ms™'] 0.85+0.52 0.8670:39
Gjitevis [ms™'] 2.2 (fixed) 2.19%0%
mp sini [Mg) 8.0+0.5
a [au] 0.026 +0.001
GJ 1265b

K [ms™'] 9.89 +0.47 9.82+03)
P [d] 3.6511 +0.0012 3.6511+0:9001
e 0.04 +0.04 0.06+0:0¢
w [deg] 282 +72 2933‘5t
M [deg] 19+ 74 9+39
Yvis [ms™!] 1.28 £0.57 1257037
YHARPS [m S_l] 474 + 1.80 496iiz612
Ojitt, VIS [m S_l] 2.4 (fixed) 240i8§;
OjiArPs [Ms™'] 3.2 (fixed) 3.2375%
mp sini [Mg] 74+0.5
a [au] 0.026 + 0.001

Notes. “Mean anomaly valid for the first epoch of observation, JD =
2457489.5644 in the case of GJ 3779, and JD = 2453203.8148 in the
case of GJ 1265.

low-eccentricity orbit at a semi-major axis of 0.026 au. The
MCMC analysis agrees with the best-fit results within the errors.

As mentioned in Sect. 3, GJ 1265 was observed by the K2
space mission during its Campaign 3. Using this photometry
information, we analysed the light curve to look not only for
periodic signals associated with the rotation of the star, but also
for planetary transits. After removing the photometric variation
caused by the rotation of the star, no further signals were found
in the BLS periodogram. Nonetheless, we phase-folded the pho-
tometric data to the RV signal at 3.651d to look for possible
transits but found none at the period of the planet, as shown in
Fig. 7.

5. Discussion and summary

The results from the RV analysis reveal two very similar plan-
ets orbiting very similar M dwarfs. Not only do the stars exhibit
comparable photospheric and physical parameters but they also
show long rotational periods. Mid-type slow-rotators are con-
sidered to be less magnetically active than their late-type or
rapid-rotator counterparts (West et al. 2015), which agrees with
the absence of periodic signals in the photospheric spectral indi-
cators (Figs. 2 and 5). The planetary candidates are both orbiting
at a semi-major axes of 0.026 au with periods of the order of 3d
and super-Earth-like minimum masses of 7-8 Mg. The MCMC
analyses reveal that the derived eccentricities of GJ 3779 b and
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Fig. 6. CARMENES (orange) and HARPS (green) radial velocities and
residuals phase-folded to the best Keplerian fit consistent with a planet
around GJ 1265 with a period of 3.651 d.
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Fig. 7. Phase-folded light curve to the 3.651 d planet period of the K2
photometric data for GJ 1265. The grey shaded area marks the expected
transit duration. The central time of the expected transit is also marked
with a vertical bar.

GJ 1265 b are compatible with circular orbits, which is predicted
by orbital evolution models for such short-period planets.

Mass determination for Earth-size and super-Earth planets
around M dwarfs is very challenging, and there is a lim-
ited number of systems similar to the ones presented here.
Only 18 planetary systems have masses derived from RV mea-
surements: GJ 54.1 (Astudillo-Defru et al. 2017b), GJ 1132
(Berta-Thompson et al. 2015), GJ 1214 (Charbonneau et al.
2009), GJ 176 (Forveille et al. 2009), GJ 273 (Astudillo-Defru
et al. 2017a), GJ 3138 (Astudillo-Defru et al. 2017a), GJ 3323
(Astudillo-Defru et al. 2017a), GJ 3634 (Bonfils et al. 2011),
GJ 3942 (Perger et al. 2017), GJ 3998 (Affer et al. 2016), GJ 433
(Bonfils et al. 2013), GJ 447 (Bonfils et al. 2018), GJ 536 (Sudrez
Mascareiio et al. 2017), GJ 581 (Bonfils et al. 2005), GJ 628
(Wright et al. 2016), GJ 676 A (Anglada-Escudé & Tuomi 2012),
GJ 667 C (Bonfils et al. 2013), and GJ 876 (Rivera et al. 2005).
Furthermore, the TRAPPIST-1 system was detected by transit
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Fig. 8. Mass-period diagram of all super-Earth planets, with masses determined from RVs or TTVs, orbiting mid- and late-type M dwarfs
(left panel) and for all M dwarfs (right panel) taken from the NASA Exoplanet Archive from May 2018 (https://exoplanetarchive.
ipac.caltech.edu). Single- and multi-planet systems are drawn with circles and triangles, respectively. The colorbar indicates the effective

temperature of the host star.

search and the planet’s dynamical masses have been inferred
from transit timing variations (Gillon et al. 2017; Grimm et al.
2018).

Figure 8 shows the mass-period parameter space of all
known M dwarf planets for which both parameters are well-
determined. The left panel shows the planets orbiting mid- and
late-type M stars, while the right panel also includes those
around early-type M dwarfs. The diagrams exhibit a bimodal
distribution that resembles the one found in planetary radius
using Kepler data mainly for solar-like stars (Fulton et al. 2017,
Fulton & Petigura 2018) but also confirmed for validated and
well-characterised transiting planets around M dwarfs (Hirano
et al. 2018).

We also note the fact that short-period Earth-like planets in
the range of 0.5-2 Mg, are mostly found in multiple systems (tri-
angle symbols), while regarding those in the range of 5-8 Mg,
eight out of ten planets were not found to have further plane-
tary companions. Also striking is the lack of planets in the range
of 2-5 Mg with orbital periods shorter than 10d around mid-
and late-type M stars. This raises questions about their formation
process. Is it possible that super-Earth planets around M dwarfs
prevent the formation of smaller counterparts, or are they formed
by aggregation of smaller, Earth-size planets? Is the formation of
a smaller counterpart dependent on the mass of the host star?

The sample of known planets with accurate mass and radius
determinations around M dwarfs is still too small to address
the validity of such a distribution, and its connection with
planet multiplicity, with any statistical confidence. Ground-
based searches, such as the CARMENES GTO program among
others, together with planet detections around M dwarfs over
the next few years from TESS (Ricker et al. 2014), may provide
insight into this issue.

In summary, we report on the discovery of two short-period
super-Earth-like planets orbiting the low-mass stars GJ 3779 and
GJ 1265. They are the least massive planets discovered by the
CARMENES search for exoplanets around M dwarfs to date.
The CARMENES visible Doppler measurements reveal a plan-
etary companion with a minimum mass of 8.0 Mg on a 3.023d
orbit around GJ 3779, and a planet of 7.4 Mg on a 3.651 d orbit

around GJ 1265. Besides the periodic signals at around 95d
associated with rotation, the host stars do not show any evidence
of RV-induced variations due to activity at the planet periods.
The planets do not transit their parent stars, and they seem to
belong to a population of short-period single planets around M
stars with masses between 5 and 8 Mg,.
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Appendix A: Frequency-extended periodogram analysis
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Fig. A.1. Extended GLS periodograms for GJ 3779 (left panels) and GJ 1265 (right panels) covering the full frequency range. The magnitudes and

the format represented are the same as in Figs. 2 and 5.
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Appendix B: Correlation between radial velocities and chromatic index
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Fig. B.1. CARMENES VIS radial velocities against the chromatic index (CRX) for GJ 3779 (left panel) and GJ 1265 (right panel). The slopes of
each linear fit are consistent with zero within the errors; activity-induced correlation is usually associated with a negative slope (Tal-Or et al. 2018).
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Appendix C: MCMC analysis
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Fig. C.1. MCMC results using the CARMENES RVs obtained for GJ 3779. Each panel contains approximately 40 000 Keplerian samples. The
upper panels of the corner plot show the probability density distributions of each orbital parameter. The vertical dashed lines indicate the mean
and 1o uncertainties of the fitted parameters. The rest of the panels show the dependencies between all the orbital elements in the parameter space.
Black contours are drawn to improve the visualisation of the two-dimensional histograms. The distributions agree within the errors with the best-fit
values from Table 2.
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Fig. C.2. MCMC results using CARMENES and HARPS datasets obtained for GJ 1265. Each panel contains approximately 40 000 Keplerian
samples. The quantities represented and the format of the plot are the same as in Fig. C.1. The distributions agree within the errors with the best-fit

values from Table 2.
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