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How long a spot is visible during each rotation  depends on its latitude and on i. 



Comparing light curves for different limb darkening gives 

information about spot latitudes. 



Surface Partition 

Divide the surface into N latitude bands of equal angular widths. Subdivide each 

band into patches such that the number of patches Mn in band n is proportional to 

the cosine of the latitude, to within the constraint that the number of patches 

must be an integer. This yields a partition such that all the patches have nearly 

equal areas.  



Mathematical Formulation 

• Assume each patch is uniformly bright across its face. Let Jn;ij be the specific 

intensity along the outward normal of the ith patch in the jth latitude band as 

seen though the nth photometric filter. 

• Let tnk be the time of the kth observation through filter n. The observed 

intensity at the photometer at this time is 

 

 

 

 

 

 

where  

  Wnk;ij = solid angle subtended by patch (i,j) at time tnk 

  Lnk;ij = limb darkening of patch (i,j) at time tnk 

 

• We want to invert the light curve to find the patch intensities, but the problem 

is ill-posed. 

• Below we use a caret ^ over a symbol to denote a reconstructed quantity 



Input parameters:  

 

• Inclination angle i of rotation axis to line of sight 

• Limb darkening model 

• 𝑠𝑛 =
𝐽𝑛;spot

𝐽𝑛;phot
= spot-to-photosphere intensity ratio for each filter 

• 𝑟𝑛 =
𝐽𝑛;phot

𝐽1;phot
= ratio of photosphere intensity for filter n to that for filter 1 

Scaling Patch Intensities for Multi-filter Inversions 

• In order to simultaneously invert light curves through multiple filters, we 

need to use a single set of patch intensities to generate all the light curves. 

• To do so, we use the linear scaling 

 

 

 

 

where we use 𝐽1;avg as a proxy for the photosphere intensity for filter 1. 

• Note that 𝐽1;𝑖𝑗 = 𝐽1;avg → 𝐽𝑛;𝑖𝑗 = 𝑟𝑛𝐽1;avg and  

         𝐽1;𝑖𝑗 = 𝑠1𝐽1;avg → 𝐽𝑛;𝑖𝑗 = 𝑟𝑛𝑠𝑛𝐽1;avg. 



Regularization 

• Objective function to be minimized is 

 

 

 

where the vector I is the set of observed intensities, 𝐉  is the set of 

reconstructed patch intensities for filter 1, l is the smoothing parameter, and 

B is the “bias” parameter (described later). 

 

• The goodness-of-fit measure is  

 

 

 

 

 

 

where Q is the number of filters,      is the estimated variance in magnitudes of 

the noise for filter n, Pn is the number of points in the light curve for filter n,  

P is the total number of points in all the filter light curves, and the      are the 

intensities of the reconstructed light curves implied by 𝐉 . 



Regularization 

• The prior is that the surface contains dark spots on a uniformly bright 

photosphere. 

 

• The penalty function used to enforce this is 

 

 

 

 

 

 

where B is the “bias parameter,” and cij = 1 if                  , while 

cij = B if                  . 

 

• If B > 1, the penalty for a patch being brighter than average is B times larger 

than for being dimmer than average by the same amount. 

 

• In this way we bias the distribution of patch intensities so that most are just  

slightly brighter than average (the “photosphere”) while a small number are 

dimmer than average so as to fit the light curve.  

 

 



Determination of l 



V-filter inversions for  

simulated surfaces 



BV-filter inversions for  

simulated surfaces 



BVRI-filter inversions for  

simulated surfaces 
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