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This paper deals with systematic errors specificat snapshot Mueller matrix
polarimeter by wavelength polarization coding. Thaigins and effects are highlighted,
and solutions for correction and stabilization pr@posed. The different effects induced by
them are evidenced by experimental results acquiigd a given set-up and theoretical
simulations carried out for more general cases.dW¥gnguish the errors linked to some
imperfection of elements in the experimental sefram those linked to the sample under

study.© 2008 Optical Society of America.

OCIS codes: (230.5440) Polarization-selective des4i¢260.5430) Polarization.

1- Introduction



An interesting way to optically characterize a miateis to obtain its polarimetric
signature via the measurement of its Mueller maBixce long full Mueller matrix polarimeters
have been developed with various ways to generateanalyze polarization states. With all of
these instruments, the control of imperfectionthim polarizing elements at work in a given set-
up is necessary to achieve a consistent physitaipiretation of the measured Mueller matrices
[1]-[3], indeed, these defects are at the origirsydtematic errors. The issue is the same with a
Snapshot Mueller Matrix Polarimeter (SMMP).

We previously reported on the experimental feagjbivf an SMMP by wavelength
polarization coding [4]. The principle of the meths to generate several polarization states
with a broadband spectrum source and birefringetarders [5],[6]. On condition to use
retarders with a well-chosen thickness ratio betwdeem in order to generate a sufficient
number of polarization states, one can use theakigsued from a spectrometer (a grating and a
CCD camera) to extract the 16 coefficients of a Muenatrix. The measurement time is thus
only reduced to the acquisition time of the detettsystem. Let us consider the configuration
described in Fig.1 and denoted age(5e,5gin reference to the thickness of the retarde?, B,
and 4.

The signal,I(1), given by the spectrometer is periodic, and fowedl suited analysis

window, it can be expressed as:
12 .
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where s(l) is the shape of the spectrugy and h, are linear combinations of the Mueller
coefficients (n;), andfy is the fundamental frequency of the signal assedi&b the reference
thickness termed here. The signal is composed of 13 frequencies (frono 0lZ,). The

extraction of the information is made in the Foudemain, and thug, andh, represent the



magnitudes of the Fourier peaks in the real padt the imaginary part, respectively. Table 1
gives the relationships established between theninatgs of the Fourier peaks and the Mueller
coefficients in the case of the ideal configuration

Because of the simplicity of the experimental setfoolarizers, calcite wave-plates...),
in this study the system was calibrated via a mafelinear birefringent retarders whose
retardance is proportional to the wavelength asrded in [4]. This, of course, implies to be
aware of the possible deviations from this modedsdo identify and correct them. This paper is
aimed at listing the causes of systematic erratsdi to appear in the case of this new kind of
Mueller matrix polarimeter. Awareness of the impaicsuch errors is strongly advised to further
correct them in order to get sufficiently accuratsults. Section 2 deals with the systematic
errors associated to elements in the experimesetals (retarders, polarizers, spectrometer),

whereas Section 3 sets out the possible deviagiensrated by the sample under study.

2- Systematic errors associated to the set-up

2-1-Thickness errors

As thickness errorg\e, on birefringent retarders are an important sowfcsystematic
error for an SMMP, it is worth discussing their sequences. The relationships established
between the Fourier peaks (real and imaginary pants the Mueller coefficients were presented
in Table 1 for the ideal configuratioe,é,5e,5¢ But, one should be aware of the existence of
some uncertainty on retarder thickness (especfaltycalcite plates) in relation with their
manufacturing process. Two consequences appeaitiiiokmess errors.

Firstly, as the position of the sign#l}), in the analysis window depends on the reference

thicknessg, any uncertainty or will affect the value of the ratio between thel l@ad imaginary



parts. Indeed, a sinusoidal signal can be intezdrat a sine, or cosine, function according to its
position in the analysis window. As a consequeanedditional phase,, has to be considered.
Secondly, the thicknesses of retarders 2, 3 anc sat strictly integer multiple of the
reference thickness So, let us denote as,éA e, 5e+Aes,5e+Ae,) the true configuration and as
&, &, & the phases associated to the thickness erkessAes, Ae, through the relationship:

3 2\nAe

@, 3 2 (p =234) whereAn is the birefringence of the plates, ahgdis the central
0

wavelength of the analysis window.
Let us consider an error on each retarder of thagethe intensity on the spectrometer is

then:
12 . .
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whereg, is an additional phase, which depends#iip = 2,3,4, g’ andh’, are functions that
depend on the Mueller coefficients;, and phasess,. Thus, Eq.(2) allows one to establish new
relationships between the Fourier peaks and thdl&tumefficients They are given in Table 2.
Table 3 shows how the Mueller coefficients are c@éfd by the values of the phasgs,
andd, (p = 2,3,9, in the case of two different media.
It is clear that Mueller coefficients, especialhose that involve high frequency peaks
(10, to 12fy), e.g.mo3 Mo, Moz, My, Mpz and mg,, are strongly dependent on the valueZpf In
the case of the true configuration, thickness sread ta4, and#, values betweenr andz and
could be much higher than 0.01 rad. It is, thusap@unt to calculate and include them into the
model. Table 3 also gives an insight into the aacyirequired on the extraction gf and4,: for

example, when the accuracy gpvalues is less than 0.01 rad, the maximum abseilutg on



Mueller coefficients is less than 0.01. On the othand, for the same absolute error, the
accuracy on the value ef, must bdess than 0.001 rad.

From the output datf1) of a known-sample, the relationships given in €ablcan be
used to retrieve the values of all of the phasededd, several equations can be generated by
measuring the argument of each peak in the Fodaerain. In our opinion, to retrieve all of the
phases (calibration), it is worth proceeding thitotgo steps as follows: at first, the intensity of

the signal produced by vacuum (a well-known samiplefsed:

161"(1)= 3+ co$ 4@, +fA)+a+@-¢,|- 2cds @y, +fA)+e,]

—Zcos[ qq, + f0/1)+¢)4]+ coE 10y, + fO/])+gp2+¢;3+¢4]

~cod 14@, + fA)+ @+ @+ @] 3)
Indeed, in the Fourier domain, the generation a&f meaks from this signal allows one to
calculated, #.#3and#. Then, as the phasgsandg; have to be distinguished, another sample
is needed. It can be, for example, a linear paarariented at an azimuth different from 0° to
generate more equations. The linear polarizer imsed was oriented at 30°; its signal in the
Fourier domain was thus composed of 13 peaks.

Table 4 gives the experimental Mueller matricetamied under the previous conditions
for vacuum and a linear partial polarizer oriensd30°, before and after corrections by the
phasesd, andd,.

Extraction of the phases from the signals produded these media led to
dv=-0.1251radg = - 0.0498 rady; = - 1.7236 rad# = - 2.3817 rad. One should note that
the highest absolute error on the Mueller coeffitsas less than 0.02. In the case of much higher
thickness errors, the calibration would be ineffecbecause of the possible generation of non

fo-multiple frequencies. Nevertheless, the differemis of simulations that we carried out taught



us that a thickness error of less than 1% fromideal configuration permits the application of
the previous calibration method to extract all itheeller coefficients with a maximum absolute
error below 0.02 (efficient calibration).

In conclusion, the correction of the phases assatito thickness errors toward the
theoretical configuration is a prerequisite. Bute ahould be aware that such a correction is only

valid at a given time because of possible evoluitioenvironmental conditions.

2-2-Sensitivity to environmental changes

Calcite retarder plates are sensitive to envirartalechanges, especially fluctuations in
temperature. Their thickness is, thus, stronglgaéd by thermal expansion, and thus calibrated
values will change. As the thickness ratio betwealsite plates is known, it would be worth
making a simple measurement of temperature togeleaé the phases. This consideration drove
us to investigate the relevance of using a modpéddent correction (linear thermal expansion).
To gain more insight into the linearity of calcipate length-expansion, one of the calcite
retarders, of thicknessgbwas set between two crossed-polarizers. The Isdgtacted on the
spectrometer being periodic at the frequendy, B generates a single peak in the Fourier
domain. Since its argument is dependent upon theder thickness, plotting the evolution of the
argument value versus temperature (Fig.2) givegghhsnto the thickness evolution with
temperature. Figure 2 shows that the evolutiortiokness and temperature are nearly alike, but
it also makes appear an effect of hysteresis: kample, at T = 22°C over the first rise of
temperature, the phase value is about 0.10 rachstgabout 0.37 rad over the second rise. This
difference may result from a mechanical straintmy/ mount of the calcite retarder. Thus, for the
plates, the lack of total freedom for thermal exgpan forbids the use of the linear model under

test This led us to carry out a no-sample experimemwirder to gain insight into the temperature



dependency of the values &f, 4.4 and 4, (Fig. 3). As shown above, a prerequisite to an
efficient calibration (maximum absolute error ore tmeasured Mueller coefficients less than
0.02) is phase correction. Fgy, a variation below 0.01 leads to an absolute ef@.01 onmy.
This is the case when the temperature varies otitabd®°C. Nevertheless, with such a
difference, the evolution off, (around 0.02) is sufficient to strongly affect theieller matrix
(Table 3). So, it is paramount to retrieve the gald 4, at any timet. Whatever the medium
under study, this method allows a direct measurémwieg, through, for example, the use of the
arguments oftfy and6f, peaks (Eq.(2) and Table 2). One should note thatimplies thatm; is
different from zero. Figure 4 illustrates how theidller matrix coefficients are affected by a
slow temperature change of 0.2°C and highlights skebilization of all of the Mueller
coefficients induced by thg, correction. It also shows that, among them anexaectedmgs,
Mp3z and mg, are the most temperature-dependent: indeed, themtsons with temperature are
slow, but important. On the other hand, the quiakations ofm; are likely associated to random
noise.

One of the aim of the SMMP is to allow one to fallehe time-evolution of Mueller
matrices M(t). Two solutions result from the above study: i) tiser carries out a calibration as
described in 8§ 2.1 just before following the timeslkaition of an unknown medium; under these
conditions and on condition that the range of tenamjpee fluctuations is less than 0.2°C
throughout the experiment, the measuremenigpfat any time,t, constitutes an efficient
calibration. ii) The set-up temperature is kepghatsame valug 0.2°C. The calibrated values of
&, are thus stable enough (several days), and a simgésurement of, at any time{, during
M(t) follow-up guarantees that the maximum absoluterem the measured Mueller coefficients

is less than 0.02.



2-3-Misalignment errors

The SMMP configuration under study assumes thenadent of optical elements as
described in Fig.1. But, as they cannot be alignatlis ideal configuration, it is worth studying
the overall impact by the misalignment errors om fibur retarders, 1, 2, 3 and 4, and the output
polarizer A1, AG>, A3, AO4 and Aby, respectively). Because of the high number of aapti
elements at play, the development of the theoleéigpressions relative to the misalignment-
induced errors would be too complicated to proviggght. A thorough analysis of numerical
simulations is a way to investigate the impact lhgste errors. Table 5 presents the results of
simulations run with vacuum as medium and a misatignt error of 0.5°, or 0.1°, on each
element. They highlight that a combination of esronay lead to an important error on the
Mueller coefficients. For example, Table 5 showat tiy,, which was expected to be null, is
equal to -0.05. To avoid this problem, a solutionld be the inclusion of angular errors into the
model, but these errors are very difficult to egtrin the case of an SMMP. On condition the
misalignment of the optical elements is less thari thanks to the use, for example, of precise

angular controllers, the accuracy on the Muellefioicents should be less than 0.01.

2-4- Effect by the spectrometer

For detection purpose, an SMMP device is equippidda diffraction grating coupled to
a CCD camera in charge of recording the specti¢i, But, two sources of systematic errors
are associated to this detection system. Firstlg, response of the spectrometer (due to the
numerical aperture of the optics) leads to an atigan of Fourier peaks as previously discussed
in [4]; a no-sample acquisition before the measeargmf an unknown medium allows one to get
a stable enough response, even in the case ofidlumbs in the set-up environment. Secondly

the grating acts as a partial polarizer, but tlais ho effect on the signal, except when the output



polarizer is also a partial polarizer. In that ¢asgstematic errors may occur and affect the
accuracy of the Mueller matrix. This problem canaveided by: i) either depolarizing the light
before its interaction with the detector througle tise of a depolarizing fiber or that of a
scattering medium set in front of the spectromeieor aligning properly the axis of the output

polarizer on the grating one.

2-5- Random noise

With the method reported in [4], the time requifedthe acquisition of the full Mueller
matrix of a given sample should be very shorfi§s This means that the random noise will be
interpreted as a systematic error. One should thate with the usual methods, the random noise
is reduced through a time-consuming accumulatiotatd incompatible with SMMP. Therefore,
the inevitable random noise has to be minimized.

Three parameters play a role in the signal-to-nmsie: the thickness-configuration for
the retarders, the global response of the detestistem and the acquisition time of the detector.
The choice of the SMMP thickness-configuration thedpagates the minimum random noise
was discussed in [7]. Nevertheless, this choidgadsependent of the detection system sampling.
It is worth recalling that the amplitude of Fourpraks is sampling rate-dependent, which means
that any enhancement of the resolution by the spmeter will likely be accompanied with an
increase of the signal-to-noise ratio. Furthermthe,fundamental frequendyis dependent on
the reference thicknessand thus the value chosen émust be such that the highest generated
frequency {2 in the case of the configuratide,e,5e,59)is not too much affected by the
response of the spectrometer. Lastly, the higheirtensity of the luminous flux is, the shorter
the acquisition time is, and thus a very short &fijon time requires the use of a coherent

source. The signal-to-noise ratio due to the adipnstime is dependent on the nature



(transparent or diffusing) of the medium under gtubhe acquisition time has to be adapted

when necessary.

3- Sample-associated limitations

One should be aware that, with SMMP, a non-unifgpactral response of the sample
under study within the analysis window may induneseror on the measurement of the Mueller

matrix. This limitation creates an effect similara systematic error on the experimental set-up.

3-1-Evolution with the wavelength

In the SMMP model, the Mueller coefficients arswased to be wavelength-independent.
This study is, indeed, aimed at demonstrating #esibility of a monochromatic snapshot
measurement of the Mueller matrix of a given samibley; variations with the wavelength are
important in the analysis window, Fourier peaks watidened, and thus overlapped, which
generates deviations on the Mueller matrix. Thissateration drove us to choose a detection
system with a narrow analysis window (10-nm widédvertheless, it is not sufficient as shown
the following study.

In the case, for example, of a retarder, whatesréhative optical path-length difference,
Ane that permits a retrieval afy; values with the maximum absolute error below 1%iten
extracted physical parameters? Table 6 presentsethdts of simulations run with a quarter-
wave plate at the central wavelength,and at different ordersAQe€) o = AJ4 + kic). Let us
denote ad g4 the variation of the quarter-wave plate retardamtéhe analysis window and as
Adodingthat of the coding system retarder of thicknessg,q4 is increasing with the order of the
plate,k. The ratio between g4 andA Z.qding represents the ratio between the relative optical

path-length difference of the quarter wave plétae)cs and that of the coding retarders

10



(Ane)oding Table 6 shows a deterioration of the parameterigutated from the polar
decomposition of the Mueller matrix [8] whe¥,.4 is no longer negligible towarfl#:odging In
fact, a ANn€);cs—t0-(AN€)coding ratio around 2% leads to an error of 1% R (depolarization
index) ande (azimuthal angle) and below 1% Bn(retardance). For instance, for the SMMP in
the proposed configuration, the plates were madmlofte Ancoqing= 0.166), and their thickness
was €coding ~ 2.08 mm. Consequently, for retarders withree value less than 7 pm, the error on
their measurement will be less than 1%. It is tintsresting to use thick retarders for the coding
system in order to extend the possibility of usthg SMMP with a good accuracy, even for

medium whosen; coefficients vary with the wavelength.

3-2-Multiple wave interferences

A spatially coherent source associated to a mpécial detection can be at the origin of
interferences on the detector. Indeed, becauskeopassible multiple reflections in the sample
under study, interferences such as those observid avFabry-Perot interferometer can be
produced. They lead to another kind of bias when ghriodicity of the signal given by the
interference phenomenon generates a frequencyeosptttral analysis window {o 12f in the
Fourier domain).

Let us consider a quartz wave plate cut perperalictd the optical axis (circular
birefringent with a rotatory power d@f~ -12° at 830 nm for a1 mm-length plate). No anti-
reflection coating had been applied to this pl&@ensequently, multiple reflections on the two
faces may generate interferences. Figure 5 shaoavsigimal, Trp(4), produced by this plate when
it is set between two crossed polarizers.

The periodic signal produced by interferences diéts a systematic error in the

reconstruction. The effect can be interpreted marsmission functionlgp(1), that overlays the
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modulated signal(1). When the signal(1), is divided byTgp(1), accurate results are obtained.
Table 7 presents the experimental Mueller matrixh&f quartz wave plate with and without
correction.

The effect of the correction is obvious on the Marecoefficient, mg;, which was

expected to be null. To gain insight into the glodfficiency of the correction on the Mueller

2
‘ , to compare the

matrix, let us use the Frobenius norm [4AM ”F = z‘nﬁXp— nﬁh
ij
experimental Mueller matrix against the theoreticale. Table 7 highlights the significant

improvement produced by the correction.

4- Conclusion

This paper listed the possible systematic erres®@ated to a Snapshot Mueller Matrix
Polarimeter (SMMP) and showed how to compensatehiam. As the errors associated to the
set-up are mostly dependent on the accuracy aletatder thickness, we developed, here, a
method to calibrate the system and stabilize itatothermal evolution. The presence of other
kinds of systematic errors (misalignment errorgluance of the spectrometer) drove us to
propose methods to limit their consequences. Magdtie impact of random noise, considered
here as a systematic error because of snapshasgicgu has to be limited. Besides, one should
be aware that the errors liable to be generatatidonon-uniform spectral response of the sample
in the analysis window constitute a limitation be tapplication field of an SMMP.

The assets of a SMMP are the possibility of sharetacquisitions and the compactness
of the experimental set-up. The simplicity of elesenaturally involves the use of a model and

the study of the possible deviations. However,hia future, it could be worth considering the

12



set-up as a totally unknown system and calculatsagesponse to well-known samples in order

to focus on accuracy enhancement and mastery afntect by temperature fluctuations.
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List of Figure Captions

Fig.1: Experimental set-up for an SMMP in the cgufation €,e,5e,5ewith e as the reference

thickness of the first retarder.

Fig.2: Evolution of the argumeng() of the peak atfp given by a signal of one calcite retarder

of thicknessbe set between crossed-polarizers versus temperature.

Fig.3: Evolution of the phasesi, 4+#; and &4, calculated with a no-sample measurement

versus temperature. Phases were adapted so asudl bet = 0.

Fig.4: Evolution of the Mueller coefficients of a+3ample measurement (vacuum) versus

temperature over the first 15 minutes of experim&nFig.3. Solid curves represent Mueller

coefficients with no correction, and dashed custesy them after correction 1%,

Fig.5: Intensity spectrumgp(4) of the quartz wave plate (circular birefringengiveeen crossed-

polarizers
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List of Table captions

Table 1: Relationships between the magnitudes efptaks - real parg{) and imaginary part
(hn) - and the Mueller coefficientsm() in the Fourier domain. It is given for the ideal

configuration é,e,5e,5g

Table 2: Relationships between the magnitudesefptaks - real parg(,) and imaginary part
(h’n) - and the Mueller coefficientsm{) in the Fourier domain. It is given for the true

configuration é,e+Ae;,5e+Ae;,5e+Aey).

Table 3: Influence of the phases, 4, #; and#, on the Mueller matrix for vacuum and a linear
polarizer at 30°. Phases are expressed in radiaise ideal case (no phase errors) and for the
linear polarizer at 30°, the value of the polaimatparameters depolarization indeRp),
diattenuation ) and retardanceRj are €p =1, D = 0, R=0). When &, =0, 4, = 0.01), these

values becomeP; = 0.989,D = 0.999,R =0.58).

Table 4: Experimental Mueller matrix given by th&E8P for vacuum and a linear partial
polarizer at 30°: theoretical, without correctidns,, #, 4 and#, and with corrections by,

&, #3 and 4. All matrices are normalized by The experimental set-up is composed of two
calcite platesAn = 0.166) for the coding systerm£ 2.08 mm = 0.01 mm) and two calcite plates
for the decoding systene € 10.4 mm + 0.01 mm). The source is a broadbaedtspgm source
with 4o = 829 nm, and the analysis window of the detecsigstem isA1 = 10 nm sampled with

512 pixels.
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Table 5: Simulation of the influence of the misahgent errorsj8y, A6z, Abs, AGs andAbpe, ON

the Mueller matrix for vacuum.

Table 6: Simulation of a quarter wave plad®=90°,a = 20°) at different orders. Depolarization
index Pp, retardancerk and azimuthal angle are calculated. The ratio between the evolution
with the wavelength of the quarter wave plate dgtace and the evolution with the wavelength

of the reference coding plate retardance is given.

Table 7: Experimental Mueller matrix for the quantave plate: theoretical, with no correction,

and with correction.
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Fig.1: Experimental set-up for an SMMP in the cgufation €,e,5e,5ewith e as the reference

thickness of the first retarder.
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Table 1: Relationships between the magnitudes efptaks - real parg{) and imaginary part
(hn) - and the Mueller coefficientsm() in the Fourier domain. It is given for the ideal

configuration é,e,5e,5g

frequency 649 64h,
0 16my, + 8my, - 8m,— 4m, 0
fo 8my, —4m,, 0
2fo —4my, +2m,, —4my3 + 2mp,
3fo 2m, -2m,
4fy —-4m, 0
5fo -8m,-4m, 0
6fo -4m, 0
7fo 2m, 2m5
8fo My, + Mg Mg+ My,
9y 2my, -2my
10f, Amy, + 2y, —4mg, — 2y,
111, 2my, —2my,
12fy ~Mpp = M3 Mg+ My,
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Table 2: Relationships between the magnitudesepteaks - real pargl(,) and imaginary part

(h'n) - and the Mueller coefficientsm{) in the Fourier domain. It is given for the true

configuration é,e+Ae;,5e+Ae;,5e+Aey).

frequency on 64qg’, 64h’,
16my, + 8my, cosf, } 8ny,; sing, )

—8my, COS% @, * an, sin(03— @,

—4m,, COS@Z ) COS@ 2 )
0 0 +am,,sin )sing, - ¢, ) 0

- 4mz3 Sin@z ) 005(03 ~@, )

+ 4”52 COS@Z )sin(03 ~@, )
fo 0 8m01_4mzl COS(03—¢4 »* amy, Sinps_ @, 0
of ) —4m,, +2m,, cos@,— ¢, ) —4my,, — 2my, Sin@s - ¢4)

’ —2my; sin@, - @,) +2m,, cos@a - ¢, )

3fo 2R 2m, —2mg
4f0 @1 —4m_ll 0
5f 2 -8m, —4m, cosf, )= 4m, sing, 0
6f0 @1 —4mll 0
7fo @+, 2m, 2m;
8fo —gtete, My, + My My + M,
oy B+, 2m, -2m,
10f Gt 4my, + 2m,, cosfp, )+ 2m, sing, —4my, — 2m, sin@, )- 2my, cosp,
11% “+e, 2my, —2m;,
12f, e+, —Mm,, = My Myt m,
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Table 3: Influence of the phases, 4, 4; andd,, on the Mueller matrix for vacuum and a linear
polarizer at 30°. Phases are expressed in radianise ideal case (no phase errors) and for the
linear polarizer at 30°, the value of the polaiatparameters depolarization indeRp),
diattenuation Q) and retardanceR} are Pp = 1, D = 0, R=0). When §4,= 0, #4,= 0.01), these

values becomeP; = 0.989,D = 0.999,R =0.58).

Mueller Matrix

Mueller Matrix for . .
for a linear polarizer

¢2 ¢3 ¢4 ¢W

vacuum
(0=30°)
1 0 0O 1 -0.5 0.866
0 0 0 0 0100 -0.5 0.25 -0.433
0 010 0.866 -0.433 0.75
0 001 0 0 0 0
1 0 0 0 1 -0.499 0.864 0.00
0.01 0 0 0 0 1.002 0 0 -0.5 0.249 -0.432 - 0.00
) 0.002 0 1.001 0.0 0.866 —-0.432 0.748 0.00
0.004 0 -0.01 1.00 0 0 0 0
1 0 -0.003 - 0.004 1 -0.498 0.863 0
01 0 0 -0.5 0.25 -0.433 (
0 0.01 0 0 00 1 0.01 0.866 -0.433 0.75 D
0 0 -0.01 1 -0.009 0.004 - 0.008 ¢
1 0 -0.003 - 0.004 1 -0.498 0.863 0
0 0 001 0 01 0 0 -0.5 0.25 -0.433 (
) 00 1 0.01 0.866 —-0.433 0.75 D
0 0 -0.01 1 -0.009 0.004 - 0.008 ¢
1 0 -0.032 - 0.03 1 -0.483 0.837 0.01
0 1.002 0 0 -0.498 0.248 - 0.43 - 0.00
0 0 0 0.01

0.006 O 0.996 0.12|| 0.866 -0.432 0.748 0.01
0008 0 -0.12 0.999|-0.086 0.043 - 0.074- 0.00:
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Table 4: Experimental Mueller matrix given by th&E8P for vacuum and a linear partial

polarizer at 30°: theoretical, without correctidns4., #, 4 and#, and with corrections by,

&, #3 and 4. All matrices are normalized biyge. The experimental set-up is composed of two

calcite platesAn = 0.166) for the coding systerm£ 2.08 mm £ 0.01 mm) and two calcite plates

for the decoding systene € 10.4 mm + 0.01 mm). The source is a broadbaedtspm source

with 1o = 829 nm, and the analysis window of the detecsigstem isAL = 10 nm sampled with

512 pixels.

Vacuum Linear partial polarizer at 30°

1000 1 050 0866 O

_ 0100 050 0.265 0424 O

theoretical 0010 0.866 0.424 0.755 0

0001 O 0 0 00
1 0 -0067 -0.12 1 -0.485 -0.842 - 0.25
_ , ~0005 1  0.001 - 0.00 0.438 -0.236 — 0.365- 0.12
without corrections |, nae 0013 0.819 - 0.5 0448 0237 0375 0.09
0.088 0.003 0.604 0.81 0654 0322 0561 0.16
1 0 0003 0.00 1 -0.480 -0.863 - 0.00
, , 0003 1 0003 0.00 0490 0261 0.423 001
with corrections | 60 0010 1.004 0.01; ~0.868 0434 0.756 - 0.01
0 -0.005 -0.018 0.99 -0.003 -0.015 0013 0.01
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Table 5: Simulation of the influence of the misahgent errorshdi, AGz, Ads, AGs andAbpq, on

the Mueller matrix for vacuum.

ABpol(°) AB1(°) AB(°) A03(°) A04(°) Mueller Matrix for vacuum
1000
0 0 0 0 0 {0 100
0010
0001
10 0 0
0.5 0 0 0 0 0 1 0.015 -0.00
) 00 1 0
00 O 1
1 0 0o 0
0 0.5 0 0 0 o 1 0 0

0.015 -0.015 0.982 0
-0.008 0.008 0 0.98

1 0 0 0
0 0 0.5 0 0 0 1003 -0.018 O
-0.015 0.017 1.017 0
0.008 0 0 101
1 0 0015 -0.00
0 0 0 0.5 0 0 1 0017 O
0 -0.018 1.017 O
0 o0 0 1017
1 0 -0.015 0.00
0 0 0 0 0.5 0 1 -0.015 0.00
00 0982 0O
00 0 0098
1 0 0 0
0.5 0.5 05 05 05 0.002 0.998 0.034 0
0.031 -0.050 0.964 0
-0.017 0.008 0 0.9
1 0 0 0
0.1 0.1 -0.1 0.1 0.1 0 1 0007 O

0.006 -0.01 0993 O
-0.003 0.002 0 0.99
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Table 6: Simulation of a quarter wave plad®=90°,2 = 20°) at different orders. Depolarization
index Pp, retardancerk and azimuthal angle are calculated. The ratio between the evolution

with the wavelength of the quarter wave plate dgtace and the evolution with the wavelength

of the reference coding plate retardance is given.

A¢x/4(/0AA)¢)5coding Ps R(°) o(°)
0.055 0.999 89.99 19.99
0.275 0.999 89.94 19.99
0.55 0.998 89.84 19.97

1.1 0.995 89.66 19.93
2.75 0.975 89.55 19.58
5.5 0.917 82.88 18.64
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Table 7: Experimental Mueller matrix for the quantave plate: theoretical, with no correction,

and with correction.

theoretical without correction with correction
1 0 0 0 1 -0.056 0.018 - 0.00 1 0.023 0.022 - 0.00
0 0.914 -0.407 -0.019 0.926 - 0.386- 0.01: -0.005 0.919 - 0.399- 0.00¢
0 0.407 0.914 0.021 0464 0911 0.0 0.010 0.379 0.907 0.01
0O O 0 1 -0.019 -0.147 0.032 1.01 -0.01 -0.014 0.017 1.00
|am || =0.032 |am || =0.003
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