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Planet-starspot crossings with JWST 5039 

Figure 7. Same as Fig. 5 for spots at 21 � stellar latitude, for the M (left) and K (right) scenarios observed by NIRCam/F150W2 +  F322W2. 

Figure 8. Left: T € and � posterior distributions for the 14.5 K mag, M star observed with NIRSpec/Prism and a T € =  3200 K occulted starspot, with � =  0 � . 
While the occultation signal is strong enough to exclude T € =  T �  , the high � min forces the solution towards a warm spot (see Section 4.3). Right: T € and �
posterior distributions for the 7.5 K mag, K star observed with NIRCam/F150W2 +  F322W2 and a T € =  4100 K occulted starspot, with � =  0 � (see Section 4.4). 
The 95 per cent credible intervals are represented with blue vertical dashed lines, while the true T € value is indicated with a red vertical line. 

distributions for all the simulations, for a more thorough examination 
of our results: in particular, we highlight that the bimodality just 
described is not found at the largest SNR values. 

We remark that some arguments could be used to choose between 
the modes of the posteriors. For example, the lowest mode in Fig. 8 , 
right-hand panel, has � � ( R p / R €) 2 =  ( R p / R �  ) 2 ( R �  / R €) 2 �  0.5. Using 

the measured transit depth value ( �  0.01), this means that the angular 
size of the starspot for this solution is �  8 � . Constraints on the largest 
likely value for the starspot size, which we do not examine here, could 

then be applied. 

4.5 Implications of a single noise realization 

To explore the consequences of using transits without Gaussian 
scatter for our simulations (Section 3.1), we selected a few scenarios 
resulting in signi�cant constraints on T €, and repeated for ten times 
our simulations using each time a different noise realization. Here 

we discuss the case of the mag K =  4.5 K star with a 3800 K starspot 

and � =  0 � , observed with NIRCam/F150W2 +  F322W2. For each 
noise instance, we recorded the posterior distributions of T € and 

� , and then compared the merged posterior distributions to those 
obtained without scatter in the transits. 

Fig. 9 presents the posterior distributions derived with this method 
and the resulting 95 per cent percentiles. It can be noticed that, in 

most cases, the medians of the distributions are within each other’s 
uncertainties; the median values themselves vary by no more than 

10 per cent from one instance to the other, as well as compared to 

the case without Gaussian scatter. Ho we ver, the merged posterior 
distribution shows – as expected – an increase in the uncertainties, 
which indicates that error bars drawn from a single noise instance are 

too optimistic. In this speci�c case, we observed a 20–30 K increase 
in the largest and lowest T € values allowed within the 95 per cent 
percentiles. Hence, while one might be con�dent on the median 
T € v alues achie ved with the method we presented, the uncertainties 
should be regarded as likely underestimated in the mid- to high-SNR 

cases. 
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