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A number of caustic-crossing microlensing events have been used to measure limb-darkening
coef cients of their source stars. We point out that the usag e of analytical limb-darkening laws
generally involves two potential problems. First, the tabulated stellar model-atmosphere limb-
darkening coef cientsare usually computed by amethod stro ngly biased to tting the stellar limb.

Second, even when using less biased coef cients for compari son, the linear law tends to have
problems with overall t quality as well aswith ux conserva tion, and higher-order coef cients
can rarely be satisfactorily constrained from light-curveanalysis. An alternative approachisto use
a"best possible" limb-darkening model directly obtained by principal component anaysis (PCA)
of model atmospheres. We use a model constructed from Kurucz's full ATLAS9 atmosphere
grid, and demonstrate its superior quality in describing limb-darkening pro les. As an example,

we analyze the point-lens event OGLE 2004 BLG 254 using the linear law and the PCA limb-
darkening model.
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1. Introduction

Stellar limb darkening (hereafter LD) has traditionally been of little interest outside the stel-
lar atmosphere modeler community, and its observational relevance has been largely limited to
studies of the Sun and eclipsing binaries. By now the range of astrophysical observations capable
of resolving stellar LD has expanded, including interferometry of nearby giants and supergiants,
extrasolar planetary transits, and caustic-crossing gravitational microlensing events.

The usual approach in the analysis of such observations is to treat LD as a nuisance effect
that has to be included in order to obtain other parameters such as stellar or planetary radii, impact
parameters, etc. Idealy one should use atheoretical LD pro le directly from an appropriate model
amosphere, e.g., from Kurucz’'s ATLAS9 model grid (Kurucz 1999a, 1993b, 1994). An easier
option is to use an approximation given by some simple analytical LD law and take the necessary
coef cients from tables precalculated for the modd grid. H owever, one has to pay attention to the
sensitivity of such coef cients to the tting method used in  their calculation.

Suf ciently good observations permit another approach by p roviding the opportunity to ob-
servationally constrain or directly measure the star's LD, and thus test the structure of theoretical
stellar atmosphere models. This requires a simple LD parametrization, because the observational
precision rarely permits more than a single LD parameter to be extracted. At the same time the
necessary model should be versatile enough to describe adequately the LD of relevant model atmo-
spheres, which are often poorly approximated by simple analytical laws.

2. Coef cientsof Analytical Limb-darkening Laws

nalytical LD laws are mostly constructed as linear combinations of simple functions of

pu="1 r2 wherer denotes the radia position on the disk. The simplest law is the two-term
linear LD, three-term LD laws include quadratic, square-root, and logarithmic LD (see for ex-
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Figure 1: Sample Kurucz ATLAS9 model V-band LD prole ( Tes = 4250K, logg = 4:5, [Fe=sH] = 3:5)
and its linear LD least-squares ts. The 17 data points are ma rked by crosses (11 points) and plus signs,
their spline interpolation by the bold solid line. Fits include the 17 point ( dot-dashed; u;7 = 0:596), the
11 point ( dashed; ui; = 0:538), and a t of the spline by radial integration ( thin solid; u, = 0:401). Left
panel: intensity. Right panel: absolute residuals of the t s. Values of u are marked along the upper axes.
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