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Mass-Luminosity relation

Torres et al 2012



Goal and target selection

• Goal: measure mass and radius of low mass transiting binaries.

• Targets:

• Selection in CoRoT transiting planet candidates.

• Targets already followed-up with RV.

• V<15

• m2 < 0.3 Ms

=> 31 targets observed in a specific SOPHIE program



False positives: massive and giant primaries

• Spectral analysis by G. Bruno and M. Deleuil at LAM (SME and SWA 
methods).

• Massive primaries:

• LRc02_E1_0981: Teff~5500K, log g~2.4, M~7Ms

• IRa01_E2_2430: super-giant star.

• SRa02_E2_0486: Teff~5700K, log g~3.3, M~4Ms

• SRa02_E2_0893: Teff~6500K, log g~2.5, M~7Ms



False positive: Secondary-only eclipsing binaries

• Only secondary eclipses were observed for: LRc01_E1_1090, 
LRc01_E2_0305, LRc01_E2_0840, LRc04_E2_1524 and LRa03_E2_4826

LRa03_E2_4826

LRc04_E2_1524

LRc01_E2_0305

LRc01_E2_0840



Overview of remaining candidates



Examples

LRc09_E2_0548, m2=0.106 Ms,  P=19.9 day, e=0.6
(spectral characterization on going)



Examples

SRa04_E2_0335, m2=0.145 Ms,  P=2.4 day, e=0.25
(spectral characterization on going)



LRc02_E2_1207

Primary: Teff=6650 +/- 70 K, log g=4.20 +/-0.11, [Fe/H]~0.6
m1=1.39 +/- 0.08 Ms, R=1.43 +/- 0.3 Rs

R2=0.18 +/- 0.03 Rs 
m2=0.18 +/- 0.01 Ms



LRa03_E2_0269

Primary: Teff=6000 +/- 100 K, log g=3.9 +/-0.2, [Fe/H] =0
 m1=1.27 +/- 0.1 Ms, R=2.0 +/- 0.37 Rs

R2=0.20 +/- 0.03 Rs 
m2=0.205 +/- 0.01 Ms



Mass-Radius relation for low mass stars

Tal-Or et al.: Transiting low-mass dense M-dwarf on an eccentric orbit around an F-star

Table 5.Main properties of the stars presented in Figure 10.

star mass radius [Fe/H] Teff magnetic activity Porb v sin i ref.
name [M!] [R!] [dex] [K] (LX/Lbol) [day] [km s−1]
OGLE-TR123 Bb 0.085 ± 0.011 0.133 ± 0.009 — — — 1.8039 — 1
SDSS0857+03 Bc 0.090 ± 0.010 0.110 ± 0.004 — — — 0.06528 — 2
J1219-39 Bb 0.091 ± 0.002 0.1174+0.0071

−0.0050 −0.21 — — 6.7600 — 3
OGLE-TR122 Bb 0.092 ± 0.009 0.120+0.024

−0.013 +0.15 — — 7.2687 — 4
C4780 Bb 0.096 ± 0.011 0.104+0.026

−0.006 +0.20 — — 20.6841 — this work
NNSerBc 0.111 ± 0.004 0.149 ± 0.002 — — — 0.13008 — 5
GKVirBc 0.116 ± 0.003 0.155 ± 0.003 — — — 0.34433 — 6
OGLE-TR106 Bb 0.116 ± 0.021 0.181 ± 0.013 — — — 2.5359 3.59 ± 0.26 7
GJ 551a 0.118 ± 0.012 0.141 ± 0.007 +0.19 3054 2.73E−4 ± 6.5E−5 n/a — 8,9,10,11
HAT-TR-205-013Bb 0.124 ± 0.010 0.1670 ± 0.0060 −0.20 — — 2.2307 — 12
SDSS0138-00 Bc 0.132 ± 0.003 0.165 ± 0.001 — — — 0.07276 — 13
KIC 1571511 Bb 0.141+0.005

−0.004 0.1783+0.0014
−0.0017 +0.37 — — 14.0225 — 14

GJ 699a 0.146 ± 0.015 0.1869 ± 0.0012 −0.39 3222 2.88E−6 ± 3.3E−7 n/a < 2.8 8,11,15,16
SDSS1210+33 Bc 0.158 ± 0.006 0.200 ± 0.004 −2.0 — — 0.12449 — 17
SDSS1548+40 Bc 0.173 ± 0.027 0.181 ± 0.015 — — — 0.185 — 18
RRCaeBc 0.1825 ± 0.0131 0.2090 ± 0.0143 — 3100 — 0.304 — 19
2MASS 0446+19 Bb 0.190 ± 0.020 0.210 ± 0.010 — 2900 — 0.61879 — 20
References: (1) Pont et al. (2006); (2) Parsons et al. (2012b); (3) Triaud et al. (2013); (4) Pont et al. (2005b); (5) Parsons et al. (2010); (6)
Parsons et al. (2012c); (7) Pont et al. (2005a); (8) Boyajian et al. (2012); (9) Demory et al. (2009); (10) Edvardsson et al. (1993); (11)
López-Morales (2007); (12) Beatty et al. (2007); (13) Parsons et al. (2012a); (14) Ofir et al. (2012); (15) Lane et al. (2001); (16)

Rojas-Ayala et al. (2012) (17) Pyrzas et al. (2012); (18) Pyrzas et al. (2009); (19) Maxted et al. (2007); (20) Hebb et al. (2006). Notes: a A single
star for which the mass was inferred from a mass-luminosity relation. b An sb1 EB for which the mass estimation is model dependent. c An

eclipsing white dwarf+M-dwarf binary for which the radius listed in the table is the volume averaged one.
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Fig. 10.Mass-radius diagram of VLMS (M! 0.2M!). The sym-
bols represent observed stars, while the lines correspond to theo-
retical mass-radius relations. Red rectangles are secondary stars
of main-sequence EBs, green circles are secondary stars of white
dwarf+M-dwarf EBs, and blue diamonds are single stars (all
references are given in Table 5). The black triangle stands for
C4780B. Solid blue lines correspond to theoretical isochrones
of solar metallicity and ages of 0.25, 1, and 5 Gyr (going from
top to bottom along the 0.08M! line) from Baraffe et al. (1998).
To illustrate the effect of metallicity on size dashed-red lines
show the Dartmouth isochrones (Dotter et al. 2008) of 1 Gyr for
[Fe/H] = 0.2 (upper line) and [Fe/H] = −0.5 (lower line).

been claimed that the stellar radii computed from models in
this mass domain are 5% − 15% lower than observed (e.g.,
López-Morales & Ribas 2005; Morales et al. 2010; Kraus et al.
2011). This argument is sometimes called the M-dwarf radius
problem (e.g., Triaud et al. 2013), and it dates back to the pre-

cise masses and radii measurements of both components of CM
Draconis (Lacy 1977). However, in the domain of very low-mass
stars (=VLMS, M! 0.2M!), only a few studies have been pub-
lished (e.g., López-Morales 2007; Boyajian et al. 2012), since
only a handful of precise masses and radii have been derived in
this domain. The derivation of the mass and radius of C4780B,
albeit not a very accurate determination, is an opportunity to re-
visit the VLMS mass-radius relation.

In Figure 10 we plotted the mass and radius of C4780B to-
gether with other VLMS with derived masses and radii, the pa-
rameters of which were given in Table 5, together with a few
available VLMS models. The figure suggested that C4780B
might be the smallest main-sequence star detected so far1. Its ra-
dius is consistent and might even be below the radius predicted
by theoretical models for an M-star with such mass, metallicity,
and age.

The models presented in Figure 10 display a theoretical
spread, probably caused mainly by differences in age and metal-
licity. Several additional parameters, not plotted in Figure 10,
can have further impact on the mass-radius relation. In particu-
lar, fast rotation, magnetic activity, strong irradiation, and clouds
were considered in the literature (e.g., López-Morales 2007;
Chabrier et al. 2007; Morales et al. 2010; Bouchy et al. 2011;
Burrows et al. 2011; Knigge et al. 2011). Those effects can en-
large the theoretical spread of the models even further. Given
this relatively large range of theoretical stellar radii, no apparent
inconsistency between the observed systems plotted in Figure 10
and the available theory can be deduced at this point.

1 Berger et al. (2009) reported a radius measurements of the primary
in the L-dwarf binary 2MASS 0746+20 using radio emission. They de-
rived 0.078 ± 0.010R! for this 0.085 ± 0.010M! L-dwarf. However,
since this result is still under debate (e.g., Konopacky et al. 2012), we
decided not to include 2MASS 0746+20 in the sample listed in Table 5.
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Figure from Tal-Or et al 2013



Mass-Radius relation for low mass stars

Figure from Tal-Or et al 2013


