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Absorption probability in Δz=100 μm:

Transmission probability at 90° incidence:r · (✏(x)r�(x)) = ⇢(x)
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Depth profile of electrons due to a source viewed through a filter:
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Solve Poisson’s equation in quasi-static limit:
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(Implemented in the wavelength_effects branch of Poisson_CCD22 repo.)

How does “brighter-fatter” effect vary with the filter?



Initial electron positions
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NEXT STEPS

➤ Compare with test bench data using tungsten lamp + filters 
and Fe-55 X-rays. 

➤ Revisit how BF effect is modeled in GalSim? 

➤ Pixel effective area less well defined because of interplay of 
depth distribution with diffusion. 

➤ Include effects of non-normal photon incidence and depth of 
focus. 

➤ Effects now depend on focal-plane position and break up/
down & left/right symmetries. 

➤ Red sensor PSF is now bigger than blue!



BACKUP



Figure 5. Cartoon figure of LSST beam and CCD geometry. Fifteen 10-micron wide and 100-micron deep
pixels are shown in each cartoon. The f/1.2 beam is shown approaching the CCD from above for bluer filters
(left) and redder filters (right). Blue photons convert into electron-hole pairs almost immediately, and the
photo-electrons diffuse the entire depth of the CCD (shown in yellow). Red photons may penetrate deeper
into the CCD bulk before converting. Combined with the diverging beam, which is still f/4.5 inside the
silicon, the longer absorption length of redder photons leads to a larger PSF. Note that the position of best
focus is a competition between beam divergence and charge diffusion. For bluer filters, the best focus is at
the CCD surface, while for redder filters it is inside the bulk of the CCD [4].

primary mirror, which leads to a mean angle of refraction around 5 degrees inside the silicon.
As shown in Figure 5, blue photons convert into electron-hole pairs almost immediately, and the
photo-electrons diffuse across the entire depth of the CCD. Redder photons convert further inside
the CCD on average, which, combined with the lateral component of their momentum, yields a
larger PSF. Note that the position of best focus is inside the bulk of the CCD for redder filters as a
result [4].

Similarly, even the chief ray of the LSST beam (though blocked by the secondary mirror and
camera) is inclined to the CCD normal at an off-axis field position. In other words, at an off-axis
field position, the unblocked rays do not average together to normal incidence. This is likely the
source of the wavelength-dependent ellipticity at off-axis field positions in Figure 4.

Although the CCD contribution to the LSST PSF is subdominant to the atmospheric contri-
bution by a factor of a few in FWHM, both effects we have investigated here appear to be large
enough to introduce significant biases in cosmic shear results if left uncorrected. Higher-order
CCD effects, such as tree-rings, charge sharing, or edge effects may also be chromatic and must be
investigated, especially in combination with the effect investigated here and with atmospheric and
optical chromatic effects, since there may be non-trivial interactions among the different effects.

If the SED of each object and the wavelength dependence of the PSF are known, then one can
compute potential chromatic PSF misestimations and remove them from the analysis, galaxy-by-
galaxy and star-by-star. Fortunately, the six-band photometry that LSST will obtain of each source
will significantly constrain the SED across the r- and i-band filters where shape measurements are
most effective. In Ref. [3], we have shown that a significant reduction in bias can be achieved
by training a machine-learning algorithm to predict chromatic biases from photometry. Such a
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