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Introduction

Flow cytometric measurements ol light scattering
of 7 micrameter polystyrene callbration beads
revenled remarkable Lissajous-like loops in two-
parameler scatter plots, The signals in the orthe-
gonul detectors show large finctuntions in thexe
measnrements and when non-conventional polnri-
zatlons are used triangnlar and other forms appenr
In the scatterplots. The existence of such loops Is
shown 1o be in qualitative agreement with Lorenz-
Mie theory of homogeneons spheres. The occurence
of these paiterns rellecis the extreme size depen-
dency of orthogonal light scattering of spheres.

Set-up

Our experimental flow cytomeler conaists of &

5 mW HeNe lnser (632.8 nm); = 100 mm spherical
lens to focus the light on the flow cell (see Hgure 1).
Forward scattered light (2-6 degrees) is detected
with » photodiode (PIN): the side scattered light is
collecied by n 0.4 NA objective, divided by # heam
splitter and detected with two herd-on photomnlti-
pliers. In the Incident and the two orthogonal dight
prths the polarization can be changed by Inserting
either » gnarter wave piate, a linear polarizer, or
both. In figore 1 the set-up i prepared to measure
511+512 and S11-512 scettering matrix elements.
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Figure 1

Sel-up of polarizalion measura-

ments in a flow cylomeler.
L: lasar; Q: quarker wave plats: P insas POl

F: 1ocussing tens; FC: fow oall; €; beam dump;
PD: (O bect

O: duphisgm; BS: beam spiitier; PMT: photomuis-
pliat
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Results

With a conventional set-up (vertical polarized inci-
dent Hight and totnl side scattering detected) we
oblained Lhe results shown in ligure 2, The scatter
plol (A) shows more or less a line instead of the
expected round cluster. The histogram of the side
scatter (B) shows an almost bimodal distribution.
When non-conventional polarizations are nsed we
oblained strange loops, In figure 3A we used +45
degrees polarized incldent light and detected both
horizontally and vertically polarized scattered
light. We see a {riangular form. In figure 38 we
ohtained with an other polarization combinafion

(right m__.n____:._w polarized light incldent and .
+4%8 and -45 degrees polarized light detected)
an "elght”-llke patiern,

In figure 6A we gated the data In order to obtaln
corresponding forward scattering slgnnls. Cleariy
the distributlon in histogram B shows thet particles

with specific forward acattering signals eppear in
the chosen gates. This suggests that the particle
alze increnses monotonous when rotating In one
direction along the loop.
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Figure 2 2y e
Measuremeanl of 7 micromalter N = EAAK
Iz -
catibration haads :f,’,’-- )
A: forwnrd tenltnr vardng dlde Acattar o ¥ ”
B: hitogram of intward scatter o as an ot 13
ogram of total side scalter

Figure 7
Forward vaeraud side scatf

light (488 nm) of 2.23 migra
baads with (A) a large (0/4)

@ (B) a small numerical ap

(about 0.05).
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Figure 6

Software gating in scatterpiot A

s e reveals the forward scattarlng_:
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Discussion

A possible explanation canld be an exireme size
dependency of (he scatiering signals. We sce
further n different hehavionr with other detected
polarizatinns. To find an explanntion we tried to
maich {he Lorenz-Mie theory for homogencons
apheres with our mensturements, In figure 4 the
enleninted Intensities of n 7 micrometer polysiyrene
hend are plnited as n functlon of the angle. Other
polnrizations show similnr carves. The grey aren
indicntes the reglon which {s delecied hy the
orthogonnl detector. Increnase of the head stze will
_ #hift the curve to the icft slde and the detected
stgnal will change aceordingly, ns ¢nn he seen in
figure 5. In thin fignre all non-zero integrafed
sentering matcix elements are plotted ne a function
of the size of the heads and the extreme size depen-
dency is shown expilcitty.
Using these calculntions we can match our
measurements as bs shown in figure 3, where the
dotted Hrne indicates the theoreticnl seatter plot.
The curve bn Agure 1A s one of the hest agree-
menis of theory and measnrements we have
ohinlned and this strongly supporis our suggestlon
that the effects nre due io Lorenz-Ate sentiering.
However, from figure 3B [t s clenr that still some
“differences remnain unexplinined.

Conclusions

We have xhown that the Lissnjows-Hke pniterns enn
he described by Lovenz-Mlie senitering, nithough
wnme differences ennnot be explained yet. The
ohserved effects cnn be of Imporinnce to the infer-
pretation of the measured CV of particles in the
side scattering detector. It Is therefore advieahle
(o he cnreful (o optimize the nrthogonal light
scatfering by minimizing the CV.
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Figure 3

Measurement of 7 micrometsr

calibration beads

A: incident poiarization +45 degreen. detecied
polarization 0 and B0 degress

B Incident polarization Fight elreulat, detected
potarization +45 and -46 degress

a0
l‘l'..m._’.

ot
M

Angular dependence of scaitering

matrix elemeant S11
{tnr 7.040 minrtomeler polybiyrens bande: n=| K874
wavatangth 832.8 nm)
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Figure &6
Integrated matrix alaments slj as a

function of the bead size
{rumarien] apertnd 0.4)




