Sum decomposition of Mueller matrices from beetle cuticles
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Spectral Mueller matrices are very rich in information about physical properties of a sample. We
have recently shown that polarizing properties like ellipticity and degree of polarization can be
extracted from a Mueller matrix measured on a beetle cuticle (exoskeleton). Mueller matrices can
also be used in regression analysis to model nanostructures in cuticles. Here we present the use of
sum decomposition of Mueller matrices from these depolarizing biological reflectors to explore the
fundamental character of these reflectors. The objective is to decompose a Mueller matrix into welldefined ideal non-depolarizing matrices corresponding to mirrors, circular polarizers, halfwave
retarders etc.
Generally it is possible to decompose a measured depolarizing Mueller matrix M into four (or
fewer) non-depolarizing matrices according to M=λ 1 M1+λ 2 M2+λ 3 M3+λ 4 M4, where λ 1 , λ 2 , λ 3 and λ 4
are eigenvalues of the covariance matrix of M. Two strategies for decomposition will be discussed. A
Cloude decomposition will provide the eigenvalues and also the Mi’s although the latter will contain
severe noise in some spectral regions. However, a major advantage with the Cloude decomposition is
that the number of nonzero eigenvalues is directly obtained, i.e. the number of contributing Mi
matrices. In an alternative decomposition, the Mi’s are assumed and the eigenvalues are found by
regression analysis based on M. In the case with two non-zero eigenvalues we define a model
Mueller matrix MD=αRM1+βRM2 with αR+βR=1. With αR as adjustable parameter, the Frobenius norm
||M-MD|| is minimized for each wavelength in the spectral range of M. For more complex structures,
the regression can be extended by adding more matrices up to a total of four. Advantages with a
regression approach are its simplicity and stability compared to a Cloude decomposition.
Mueller-matrix spectra of beetle cuticles are recorded with a dual rotating compensator
ellipsometer in the spectral range 400 – 900 nm at angles of incidence in the range 20 - 75°. The
application of decomposition on biological reflectors is demonstrated on M measured on the beetle
Cetonia aurata, which represents a narrow-band chiral Bragg reflector with two non-zero
eigenvalues. A decomposition in an ideal mirror and a circular polarizer is feasible. In another
example, the broad-band and gold-colored beetle Chrysina argenteola, we show that more than two
eigenvalues can be nonzero, especially at oblique incidence, and additional matrices are involved.
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Fig. 1 Eigenvalues of the covariance matrix of M of Cetonia aurata (left) and decomposition in a mirror and a
circular polarizer (right).

†Passed away in August 2014

