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Supplementary materials 

1. Normalization of Mueller matrices 

An unnormalized Mueller matrix 𝐌̃ relates incident and emerging Stokes vectors 𝐒i and 𝐒o, 

respectively, as, 

𝐒o = 𝐌̃𝐒i = [

𝑀11 𝑀12

𝑀21 𝑀22

𝑀13 𝑀14

𝑀23 𝑀24

𝑀31 𝑀32

𝑀41 𝑀42

𝑀33 𝑀34

𝑀43 𝑀44

] 𝐒i .  (S1) 

Normalization is done by dividing all elements of 𝐌̃ with 𝑀11 resulting in the normalized 

Mueller matrix 𝐌 according to, 

𝐌 = [

1 𝑚12

𝑚21 𝑚22

𝑚13 𝑚14

𝑚23 𝑚24

𝑚31 𝑚32

𝑚41 𝑚42

𝑚33 𝑚34

𝑚43 𝑚44

] ,   (S2) 

where 𝑚𝑖𝑗 = 𝑀𝑖𝑗/𝑀11. 

2. Comparison with a dielectric mirror 

 

Figure S1. Mueller matrix of a dielectric mirror (dotted line) with 𝑛 = 1.6 calculated at 

𝜃 = 20° compared to 𝐌 for P. mirifica PM1 (solid line). 

3. Cauchy dispersions 

The refractive indices of the biaxial slices (the lamellae) in the chiral structures in the exocuticle 

as well as the epicuticle and endocuticle were modelled with refractive indices according to, 



2 

 

𝑛 = 𝐴 +
𝐵

𝜆2 ,     (S3) 

where 𝐴 and 𝐵 are fit parameters. For the endocuticle index 𝑛3, i.e. normal to the cuticle surface, 

only 𝐴 could be fitted due to low sensitivity at 𝜃 = 20°. 

 
4. Parameter values for the fit in Fig. 4 

 

Fit Results 

MSE = 57.981 

Thickness # 2 = 281.20 ± 2.396 nm 

A = 1.573 ± 0.0115 

B = 0.00755 ± 0.00092197 

A = 1.541 ± 0.009530 

B = 0.00041989 ± 9.6370E-05 

A = 1.514 ± 0.008871 

B = 0.00025475 ± 0.00012242 

A = 1.570 ± 0.0125 

B = 0.0000 ± 0.001214 

phi0 = 138.37315 ± 4.481648 

turn = 13.49719 ± 0.009693 

Thickness # 1 = 8085.00 ± 58.697 nm 

 

Optical Model 

 
 

 

Figure S2. Best fit parameter values for fit in Fig. 4. 
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5. Exocuticle refractive indices 

 

Figure S3. Best fit refractive indices for the exocuticle slices. 

 

6. Mueller matrix of P. mirifica PM2 

 

Figure S4. Mueller matrix of P. mirifica PM2 measured at 𝜃 = 20°  and used in sum 

decomposition. 
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7. Mueller matrices 𝐌𝟏 and 𝐌𝟐 in sum decomposition 

  

Figure S5. Mueller matrices 𝐌1 and 𝐌2 in sum decomposition of 𝐌 from beetle PM2. 

 

Figure S6. Sum of 𝐌1 and 𝐌2 in Fig. S5. 
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8. Blue shift with angle of incidence 

 

Figure S7. Mueller matrices measured on beetle PM1 at 𝜃 from 20° (Exp#1) to 70° (Exp#6) 

in steps of 10°. 

   

9. Differential decomposition 

 

 

Figure S8. Transmission Mueller matrices on an elytron from specimen PM1 measured from 

inside (Exp#1) and outside (Exp#2). The noise for 𝜆 < 550 nm is due to low transmission. 



6 

 

 

Figure S9. Circular (CB and CD) and xy linear (LB, LD) and 45°/135° linear (LBp and LDp) 

birefringent optical properties obtained from a differential decomposition of 𝐌 in Fig. S8. See 

references [24] and [34] in the main manuscript for details. 


