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The field of exoplanet research has revitalized interest idvrfs, which have become favorite targets of Doppler and
transit surveys. Accurate measurements of their basiceptiep such as masses, radii, and effective temperatuves ha
revealed significant disagreements with predictions fréelias evolution theory in the sense that stars are largdr an

cooler than expected. These anomalies are believed to be tiigh levels of activity in these stars. The evidence fer th

radius discrepancies has grown over the years as more argldatarminations have become available; however, fewer
of these studies include accurate determinations of theeaestures. The ubiquitous mass-radius diagrams featared i
many new discovery papers are becoming more confusing doeremsed scatter, which may be due in part to larger than
realized systematic errors affecting many of the publishedsurements. A discussion of these and other issues s give
here from an observer’s perspective, along with a summathemretical efforts to explain the radius and temperature

anomalies.
- (© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
1 Introduction ries, but these are less fundamental as they require pieviou

knowledge of the primary mass or radius, or the assump-

A common justification for studying late-type stars, asidéon of synchronous rotation of the primary and spin-orbit
from being interesting objects in themselves, is that thelignment in circular orbits. Long-baseline interferomget
dominate the stellar population in our Galaxy by numbehas enabled the measurement of absolute radii for increas-
roughly 75% of the points of light in the sky are M dwarfsing numbers of single late-type stars for which the paral-
In recent years they have also become attractive targets kx is known, but masses for these stars cannot be obtained
exoplanet searches (Nutzman ef al. 2008; Law &t al. 201 Tiynamically, so they are typically estimated from a mass-
Sip6cz et al. 2011; Barnes etfal. 2012; and others), partiduminosity relation. These assumptions limit the usefséne
larly when looking for small planets in the habitable zonegf single-lined eclipsing binaries and single stars fotitgs
of their parent stars. This has provided extra motivatian fanodels of stellar evolution.
studying them. Both the Doppler signals and the transit sig-
nals are larger and more easily detectable for planets droun
M dwarfs, and the lower stellar luminosities mean that o2 M easuring fundamental properties
bits in the habitable zone are closer in, making transitsemor
likely and more frequent when they do occur. The techniques for measuring absolute masses and radii
An important by-product of recent transit surveys hasf stars in eclipsing binaries are straightforward and suffi
been the discovery of many eclipsing binaries with M-dwariently well known that we will dispense with a description
components (e.g., Law et al. 2011b; Coughlin ef al. 201fbere. For details the reader is referred to the reviews by An-
Harrison et al[2012; Birkby et al. 2012). These kinds oflersen[(1991), or Torres, Andersen & Giménez (2010). The
systems have traditionally been the most favorable for dapplication of these methods still requires care, thouigh, i
termining the basic properties of late-type stars, inglgdi precisions (and accuracies) of 3% or better are to be ob-
their mass, radius, temperature, and luminosity. Unforttained, as are generally necessary for meaningful compar-
nately, however, most newly discovered systems tend to ts®ns with stellar evolution theory for low-mass stars. Tem
faint, and the bottleneck for accurate determinationsinent perature determinations are less fundamental. In ectipsin
ues to be the spectroscopy. binaries they are typically derived either through color in
Masses and radii in double-lined eclipsing binaries cafices and empirical calibrations (if the reddening is knpwn
be obtained free of assumptionS, as their derivation d@erﬂj from the luminosities and radii if the distance is known.
only on Newtonian physics and geometry. Many determPPectroscopic temperature determinations remain dificul

nations have been made also in single-lined eclipsing bindue to the complexities of modeling molecular features in
the atmospheres of cool stars, not to speak of the fact that

* Corresponding author. e-mail: gtorres@cfa.harvard.edu the observed spectra in binaries are typically doubledline
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Metallicities have also been challenging to determine spec L '[F;/H'] os ' ";,L ;
troscopically for similar reasons, although progress is be 026 4 Gyr
ing made in calibrating composition in terms of optical and | -

near-infrared indices (e.g., Woolf et &l._2005, 2006, 2008 -
Rojas-Ayala et al. 2010, 201.2; Reylé efal. 2011). Photeme.g o241

ric calibrations using various color indices are also adéd &

[Fe/H] = 0.0

(Bonfils et al[2005; Casagrande et[al. 2008; Johnson et aI.O o2 4cyr ]
[2009/201P2; Schlaufman et Al 2010). B 10 Gyr

3 Discrepancies with models 3600 |

ure (K)

. 2 3400
Some of the observed properties of low-mass stars age

known to disagree with predictions from standard stellaﬁ- 3200 —
evolution theory. Most notably, the measured radii for M2 E H
stars in binaries are larger than indicated by models, tyj3-3000 -
ically by 5-10% for the best measured systems, or somg- [
times more depending on the model. Early indications &f ®°°

this problem for M dwarfs were reported by Hoxie (1970, 020 o=z o=z o028 oz
[1973) and Lacy[(1977), and were subsequently supported Mass (Mo)

by additional accurate measurements by Popper (199¥)g.1 Measured masses, radii, and effective temperatures
Clausen[(1999), and many others. More recent determirfar CM Dra compared with isochrones by Dotter et al.
tions have removed any observational doubt that the mod¢&08). In the lower panel the 4 Gyr and 10 Gyr isochrones
do not fit the observations as well as they should. Whilgt each metallicity are indistinguishable.
this radius problem has received the most attention, the ef-
fective temperatures of low-mass stars are also in disagree
ment with theory, although far fewer studies have shown thigmperatures of CM Dra as determined by Morales et al.
because temperatures are more difficult to determine. R§2009) against isochrones from the Dartmouth series by
stars tend to be too cool compared to predictions, by abdoetter et al. [[2008) for two metallicities and two different
half as much as the radii, in relative terms. ages. One may draw two conclusions from this diagram: 1)
For decades there were only two low-mass eclipsing biatching the radii and temperatures requires models with an
naries with properties measured accurately enough tosmotinusually high metallicity arounide/H] = +0.5, which is
the problem: the classical systems CM Dxd)(22M,; see at odds with expectations; 2) despite claims often seen in
Morales et al[2009) and YY Gem-0.60M; Torres & the literature, age is not totally irrelevant when compgurin
Ribas 200R). Then came CU Cne@.4M; Ribas[200B) slowly-evolving low-mass stars such as these with models.
and GU Boo 0.6 M; Lopez-Morales & Ribals 2005), and In fact, the figure shows that changing the isochrone age
although many others have been published since then, rdf&m 4 to 10 Gyr leads to a significant change in the pre-
tively few of these studies can claim realistic uncertaisti dicted radii compared to the uncertainties.
in the masses and radii under 3%, and show convincingly Similar discrepancies are seen for YY Gem and CU
that systematic errors are under control. Cnc. These two are particularly important systems because
In recent years it has become clear that these discrep#iere is some additional (if somewhat circumstantial) info
cies with the models are not confined to the M dwarfs (Tomation on the age and metallicity that eliminates free pa-
res et al. 2006; Clausen et[al. 2009); some stars as massivesaeters when comparing with models. Another of the well-
the Sun (or more generally, stars with convective envelopegiudied systems, GU Boo, has components that are also too
also seem to be “inflated” and too cool when compared wilArge and too cool compared to predictions, and in this case
models. even models with a metallicity as high g&/H] = +0.5
The clearest evidence of “radius inflation” and “temperdo not quite match the measured radii.
ature suppression” is seen by examining the best-studied It has long been realized that essentially all of these dis-
individual systems. CM Dra is the poster child for theserepant low-mass binary systems have short orbital periods
anomalies (see also discussions by Feidenletal| 2011, Spagcally less than 3 days. The leading hypothesis to ex-
& Demarque 2012, and MacDonald & Mullan_2012). Itplain the radius inflation and temperature suppression has
is presumed to be a Population Il binary based on its etherefore been that tidal forces in these tight systemsttend
treme kinematics, although its precise age is not knowsynchronize the stellar spins with the orbital motion, tesu
The metallicity has also been controversial, with recerrg in rapid rotation and associated magnetic activity. Ac-
determinations apparently converging toward a value netrity is known to inhibit convective transport of energy in
[Fe/H] = —0.4 (e.g., Kuznetsov et al. 20112). Figué 1the stellar interiors, and this in turn leads to larger radi
presents the comparison between the measured radii @odler temperatures. There is at least a first-order theoret
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ical understanding of these processes (e.g., Gough & Tay- %

lor [1966; Mullan & MacDonald 2001; Chabrier, Gallardo i,

& Baraffe[2007; MacDonald & Mullan 2012), as well as 06| . TH%%

empirical evidence that the use of a smaller mixing length - % H%' 1

parameteryy, in the models (to emulate reduced convec- L

tive efficiency) does indeed improve the fit to the observa- | %ﬁ

tions. Spot coverage associated with stellar activity cedu »® —4—

the radiating surface area, and this can also contributesto tg 0.4

discrepancies. Alternate explanations, such as errofein tg I 0+

opacities or metallicity effects, seem less likely. o
If the short orbital periods are at the root of the prob-

lem, then a logical expectation would be that systems with 0zlh |

longer periods would agree with the models much better. %50 e eclipsing SBZs

Tidal forces should be weaker, the stars would presumably | o g o eclipsing SBls and

not be synchronized and should rotate more slowly, and ac- single stars

tivity would therefore be much lower. Unfortunately long- e

period eclipsing binariesH > 10 days) are rare and ex- 0.2 Mass (();) 0.6

ceedingly difficult to study (it can take several observing °

seasons, good luck with the weather, and plenty of patienttd-2 ~Mass-radius diagram for low-mass stars, including

to complete a light curve), and until recently there were n@ll measurements for double-lined eclipsing binaries B2

such systems with accurate mass and radius determinatidiited symbols) as well as determinations for single-lined

In 2011 the MEarth an#epler transit surveys reported the €clipsing systems (SB1s) and single stars (open symbols).

discovery of two eclipsing binaries with low-mass compoSolar-metallicity Dartmouth isochrones are shown for com-

nents that coincidentally have the same orbital periodabd?arison, for ages ranging from 1 to 13 Gyr (grey band).

41 days) to within 0.1%. Contrary to expectations, the

low-mass stars in the MEarth system LSPMJ1112+7626 . . . .

(0.39M,, and 0.27M.; Irwin et al[2011) both have inflated conclusions abput the magnitude of the radius anomahe;,

radii and are cooler than predicted by theory. The secondaarpd some studies _have even proposgd patterns in the dis-

in Kepler-16 (0.20M.,; Doyle et al[2071; Winn et 4L 2011) crepancies gependlng on mass or period. .

is also inflated. Its temperature has not been determineg, N & review on low-mass stars a few years ago, Ribas

and the primary is a more massive K star. The activity lev ) provided an interesting illustration of the conéusi

of Kepler-16 B is unknown, and there is perhaps some e§,tlat can result from including M-dwarf systems indiscrim-

idence of activity in the secondary of LSPM J1112+7624nately in such mass-radius diagrams. For a first version of
even at this long a period. the diagram he compiled and included all low-mass systems

The situation regarding the nature of the discrepancilégown at the time (34 stars, including single-lined bingrie

with models is thus not as clear-cut as expected, and to ma"’}&d stars with measured angular @ameters), _and noted that
average the data appeared discrepant with the models

matters more interesting, there is at least one well studiga .
triple system fromK Iergwith two M-dwarf components 2°°V€ the convective boundaryQ.351/), but seemed to
pe sy D b gree better with theory below that limit. He then restdcte

(KOI-126; Carter et al. 2011) in which the stellar radii seer% : L i
to agree perfectly with the Dartmouth models (see Feiden £ sample to only the double-lined eclipsing systems with

mass and radius errors under 3%, and the deviations were
al.2011). seen much more clearly, all the way to the lowest-mass sys-
tem (CM Dra) below the convective boundary.
4 Putting it all in together Many more determinations have become available

since. Figur€R2 shows an update of the mass-radius diagram
The vast numbers of light curves produced by exoplantitat includes all double-lined as well as single-linedps:i
transit surveys and the increased interest in these disagrag systems of which we are aware with at least one compo-
ments between theory and observation have led to a surggnt measured to be under 047 In also includes single
in low-mass eclipsing binary discoveries in the last fewstars in this range with radii determined interferomethyca
years. It has become routine for each new discovery pand masses inferred from a mass-luminosity relation. There
per to present a (typically well-populated) mass-radius dare a total of 108 stars displayed on the graph. For the vast
agram highlighting the new system, and showing one or amajority the chemical composition is unknown, so we have
other set of model isochrones for comparison. The objeathosen to compare the observations with Dartmouth models
displayed are usually drawn from many different sourcefr solar metallicity. We also do not know the ages of most
sometimes including interferometric measurements for siof these stars, and as indicated earlier age can affectthe ra
gle stars or results from eclipsing single-lined specwpgc  dius in a non-negligible way even for the slowly-evolving
binaries. Authors have used such diagrams to draw gendmlest-mass stars. Some authors have compared the obser-
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Fig.3 Same as Fid.]2, limited to stars with mass and rd&ig.4 Same as Fid.l3, but now showing model isochrones
dius errors under 2% for double-lined eclipsing binariedor metallicities of[Fe/H] = —0.5 and[Fe/H| = +0.5, in

and radius errors below that limit for single-lined systemaddition to solar, and all ages from 1 to 13 Gyr.

and single stars. No restriction was placed on the mass er-

rors for the later two classes of objects, as the masses are

often adopted from a mass-luminosity relation or rely 0Raye not necessarily led to a deeper understanding of the
other assumptions. problem. The scatter in the diagram has become quite large,
and the evidence for disagreements between theory and ob-

vations against a very young isochrone (e.g., 300 Myr), be rvation, which is unmistakable when focusing on the best

o . ; . Studiedindividual systems, is getting blurred when look-
this is not necessarily a typical age for a field star and wi ) NN

. . . ing at the larger sample of all available determinationss Th

tend to exaggerate the radius discrepancies. Therefore,i.’1

. . oS of clarity from the increased dispersion is due to attlea
have chosen to display isochrones for all ages from 1 to ree causes: 1) published formal errors do not necessaril
Gyr. The model is thus represented by a band instead o P y

single line rea}lept the_tota_l uncertainty; in fact, _systematic erronslt®
’ o ) ) dominate in this mass regime, as discussed further below; 2)
The scatter in Figurgl2 is so large that very little caf), o great majority of cases the age and metallicity are un-
be concluded from this diagram, and some may even Rg,n: quantifying the radius discrepancy by comparison
tempted to say that there is nothing wrong with the modelgi, 4 arbitrarily chosen model can be misleading; 3) the
This is of course not true, as we have pointed outbefore. Rgsgree of radius inflation may not be the same for all stars
stricting the sample to only the stars with formal errors UNtecall KOI-126, which shows no such anomaly); it remains
der 5% (56 objects) doesn’t change the picture significantl% be confirmed whether this is a function of the strength of

The radius discrepancies are still obscured by the scaiter 3, 4ctivity (which is not always a known property), stellar
the uncertainties in the models. In Figlile 3 we have be ss, or some other parameter

even more selective, setting the error limit to 2% (24 stars)

Given the age uncertainties, one is still hard-pressedadew dr  In a recent review on accurate stellar masses and radii,

any meaningful conclusions. Torres et al.[(2010) examined the credentials of all known
Stars are of course under no obligation to all have soldpuble-lined eclipsing binaries studied up to that timel an

metallicity. So as an exercise, if we now display models (afiresented a short list of only four M-dwarf systems with

ages) fofFe/H| = —0.5 and[Fe/H] = +0.5, in additionto Well-measured properties (relative errors of 3% or lesa) th

solar composition, any systematic differences between tfatisfied their strict selection criteria. These four syste

isochrones and the observations appear even less obvid(& CM Dra, YY Gem, CU Cnc, and GU Boo. Many au-
(Figurel3). thors have adopted similar cutoffs for the errors when se-

lecting new (or old) systems for the mass-radius diagram,
but have tended to overlook other selection criteria that ar
5 The scatter in the mass-radius diagram perhaps more difficult to apply and require personal judge-
ment, but are just as important. We suspect the masses and
In the last few years it has become increasingly clear (eddii for many of these often used systems may be biased,
least to the author) that successive updates of the maarsd can potentially lead to more confusion. To state the ob-
radius diagram featuring more and more low-mass star®us, precision is not the same as accuracy.
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In addition to setting an upper limit on the errors, it igperature anomalies as the stars in well-studied eclipsing b
important to verify that the quality and quantity of the dataaries, implying that the problem is independent of whether
used in the mass and radius determinations are adequatobject is in a binary or not. More recently Stassun et al.
to support the claimed uncertainties (see Sect. 3 of Td2012) also made use ofdHmeasurements for single stars,
res et al[ 2010, and also Andersen 1991). Incomplete lighs well as X-ray activity measurements in binaries, and de-
curves, such as ones with no out-of-eclipse observationsrived empirical relations between the radius inflation and
that do not fully cover both eclipses, can easily lead to sytemperature suppression as a function of activity.

tematic errors in the radii. Similarly, radial-velocityrves On the theoretical side, Mullan & MacDonald (2001)
based on only a handful of observations, or with less-thaggmpared active and inactive single stars as measured by
optimal phase coverage (e.g., missing one or both quadfgajr x-ray luminosity, and were able to explain their sys-
tures) are also questionable, regardless of the intersal-pr e magically different global properties (temperatures an
sion of the veloc:|_t|es. The data analysis techniques are iMydii) both qualitatively and quantitatively using custom
portant as well. Light curves often present strong degenefgogels incorporating magnetic fields. They parametrized
cies among several of the fitted parameters, and it is all t99am in terms of a magnetic inhibition parametethe ra-
easy to be misled by the quick convergence of the solutiong, of the magnetic to total energy density) to describe the
In particular, determining the individual radii (or theatio) - reqyction in the efficiency of convection in the stellar fivte
accurately in partially eclipsing systems with nearly dquys. They recently applied the same scheme to successfully
components can be difficult, and in many cases requires thg 4e| the components of CM Dra (MacDonald & Mullan
application of external constraints such as a spectroscom)' Earlier studies such as that by D’Antona, Ventura
luminosity ratio to remove the degeneracy (see Anders@ny,azzitelli (2000) had also shown how magnetic fields
1991). change the global structure of stars and how models that

The most reliable analyses are those that pay close attgitorporate these effects can be made to match the observa-
tion to all of these issues, and document consistency chegighs. More recently Chabrier et al._(2007) were also able
or other efforts to control or at least assess the impact g explain the radius and temperature anomalies in low-
systematic errors. Although many new mass and radius dfiass stars with a different theoretical approach, and sug-
terminations for low-mass binary systems have appearedgésted that two different manifestations of stellar attivi
the literature since the compilation of Torres et al. (2010¢an change the sizes and temperatures of low-mass stars:
and are commonly shown in recent mass-radius diagramgagnetic inhibition, and spot coverage. They modeled both
we have a feeling that only a small number meet all of thgnd showed that with a reduced mixing length parameter
stringent criteria outlined above. Deciding which stud®s ,,; and a suitable spot-filling factgt (fraction of the star
trust requires a critical review of the published analyses,covered by spots) it is possible to match the inflated radii
task that is beyond the scope of this paper. and suppressed temperatures of these objects.

For the above reasons we believe we may have reached ¢qrding to the above theoretical studies cool spots

the point at which it is more fruitful to compare well-p,,0 5 real and detectable effect on the global stellar prop-

measured individual systems against models, rather tha”e'i‘fies because they reduce the effective radiating aréa, pu

include a larger number of more questionable determinﬁfg up the star and reducing its temperature. But they can

tions and attempt to draw general quantitative conclusiong s, have a deleterious effect on the measurements, specif-
ically on the radius determinations. Spots typically cause

6 Understanding the anomalies modulations and/or features in the light curves, affedtirey
shape of the eclipses. Numerical simulations carried out by
A number of investigations, both observational and thed/orales et al.[(2010) showed that non-negligible biases in
retical, have examined possible correlations between tH radii can result, depending on the spot distributioreyTh
radius and temperature anomalies and the strength of #Qnd that polar spots (the kind often expected in rapidiy ro
stellar activity. On the observational side, Lopez-Megal tating stars, and actually seen in Doppler tomography) have
(2007) used the X-ray luminosity as an activity indicatorthe largest effect, causing th(_e radius to be overesumaytec_i b
and showed that for close binary stars with low-mass corHP 10 3-6%. Note that this bias goes in the same direction
ponents the degree of radius inflation seems to depend %?]the observed discrepancies betyveen m0(_1els and ot_)serva-
Lx/Lyo, while for single stars no clear dependence wddons, and Wouldl thus tend to alleviate the dlﬁerencgs |f we
seen. As others have pointed out, however, the range ‘%¢'e able to avoid it. The effect on the mass d.etermlnatlons,
activity levels for the single stars in that study was rathé" the other hand, was found to be less serious (0.5-1%).
small, so the conclusion should be considered tentatif@" SPot distributions less concentrated to the poles the ef
pending confirmation with a larger sample. Another stud&?CtS on the radius are smaller and more random in nature.
by Morales et al.[(2008) focused on single stars of spectral These systematic errors are especially worrisome when
type late K and M, and used the strength of theéinission considering that spots tend to change or to come and go on
to distinguish active from inactive objects. They foundtthaactive stars. A recent illustration of this was given by Wind
single active low-mass stars show similar radius and temiller, Orosz & Etzel [(2010), who re-observed the well-
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studied system GU Boo (Lopez-Morales & Rilas 2005 lausen, J. V., Bruntt, H., Claret, A., Larsen, A., Andersén
They reanalyzed the original light curves, as well as two Nordstrom, B., Giménez, A. 2009, A&A 502, 253

new ones they obtained two years later, and found diffe&oughlin, J. L., Lopez-Morales, M., Harrison, T. E., Ule, Noff-
ences in the measured radii at the level of 2%. They at- Man. D.1.2011,AJ 141,78 =

tributed most of this to the spots (with perhaps some co%—Antona’ F., Ventura, b., Mazzitelli, I 2000, ApJ 543, 77

YL . . . otter, A., Chaboyer, B., Jevremovi¢, D., Kostov, V., Baré.,
tribution from the modeling technique), which had change Ferguson, J. W. 2008, ApJS 178, 89

visibly in the intervening years. _  Doyle, L. R. etal. 2011, Science 333, 1602

The lesson from the empirical and numerical evidengesiden, G. A., Chaboyer, B., Dotter, A. 2011, ApJ 740, 25
described above is that spots can cause systematic measGreigh, D. O., Taylor, R. J. 1966, MNRAS 133, 85
ment errors in the radii at the level of several percent,gf tiHarrison, T. E., Coughlin, J. L., Ule, N. M., Lopez-Moraléd.
stars are sufficiently active. This certainly complicates t 2012, AJ 143, 4
picture, and suggests the need to investigate these eﬁé&?é(!e’ D.T. 1970, ApJ 161, 1083

. oxie, D. T. 1973, A&A 26, 437

carefully for each new system. At the very least, it may af

. L . ] rwin, J. etal. 2011, ApJ 701, 1436
gue for belng more conservative in stating one’s measurﬁ)-hnson, J. A., Apps, K. 2009, ApJ 699, 933

ment uncertainties for low-mass stars. Johnson, J. A., Gazak, J. Z., Apps, K. etal. 2012, AJ 143, 111

Kuznetsov, M. K., Pavlenko, Ya. V., Jones, H. R. A., Pinfidl,
J. 2012, these proceedings, poster P01.3.19

Lacy, C. H. 1977, ApJ 218, 444

) Law, N. M., Kraus, A. L., Street, R. R. etal. 2011a, Procegsliof
The last few years have seen excellent progress in measur-yhe 16th Cambridge Workshop on Cool Stars, Stellar Systems,

ing fundamental properties of low-mass stars, and in Un- and the Sun, ASP Conf. Ser. 448, eds. C. M. Johns-Krull, M.

derstanding the underlying causes of the radius and tem- K. Browning, A. A. West (San Francisco: ASP), p. 1367

perature discrepancies with standard (non-magnetic) maddww, N. M., Kraus, A., Street, R. R. et al. 2011b, ApJ, subsditt

els. Recent models that incorporate the effects of magnetic (arXiv:1112.1701)

fields are able to match the measured properties of low-magpez-Morales, M., 2007, ApJ 660, 732

stars, at the expense of adding one or two more free pararh%pceéc')';]";:ja"js’l\';"u'ilaRI;b%S’J" 38(1)52_" 'I\AAFIJ\]]R?éI41211203084

ters. Itremains tq be seen if these orqther equivalent Parafil ) ales, J. C. et al. 2000, ApJ 691, 1400

ete_rs can be putin terms of some easily measurable quantii¥rales. J. C., Gallardo, J., Ribas, I, Jordi. C.. Baraffe,

which would then allow more stringent tests of theory. Chabrier, G. 2010, ApJ 718, 502

With transiting exoplanet and other photometric surveygorales, J. C., Ribas, I., Jordi, C. 2008, A&A 478, 507

in full swing, prospects are good that the empirical evigendviullan, D. J., MacDonald, J. 2001, ApJ 559, 353

will continue to build. The most useful studies will be thosélutzman, P., Charbonneau, D. 2008, PASP 120, 317

using complete and high-quality data analyzed with appr&°Pper, D. M. 1997, AJ 114, 1195

priate techniques, and that pay careful attention to syste evie, C., Rajpurohit, A. S., Sc_hulthe|s, M., Allard, F.120 Pro-

atic errors, especially those related to spots. In addititm ceedings of the 16th Cambridge Workshop on Cool Stars, Stel-
L .. .. N lar Systems, and the Sun, ASP Conf. Ser. 448, eds. C. M.

measuring masses and rad|! in eclipsing bmangs, observer Johns-Krull, M. K. Browning, A. A. West (San Francisco:

should endeavor to determine also the effective tempera- aspy p. 929

tures and metallicity whenever possible, and to estimate tRibas, 1. 2003, A&A 398, 239

activity levels, which clearly play an important role. Ribas, I. 2006, Ap&SS 304, 89
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