
SIMONE
 in situ light scattering and 

depolarization measurements 
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Advantage: Definition in terms of measurable quantities
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Scattering Matrix – Spheres

Example: incident light is 100% polarized perpendicular
 

to the scattering plane
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Scattered light is also 100% polarized perpendicular
 

to the scattering plane
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Scattering Matrix – Ensemble of non-spherical particles

Example: incident light is 100% polarized parallel
 

to the scattering plane
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Scattered light is in general partially polarized, i.e. the incident light is depolarized



How to measure depolarization?
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is a mixture of S11

 

and S12
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linear polarizer
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LIDAR

incident light particles analyzer light at detector
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Growth of sulfuric 
acid aerosol by 
water uptake
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Ice nucleation on flame soot (CAST) of different organic carbon contents

Min OC (C/O: 0.28)            Med OC (C/O: 0.39)          Max OC (C/O: 0.54)
T = -45°C 

IN11-22, P2 40% IN11-39, P2 95% IN11-28, P2 90%

Organic carbon content

Ice nucleation activity



CAST soot (medium organic content), coated by sulphuric acid



First experiments with oxalic acid (30/11/07)

Synthetic air was passed over Oxalic 
Acid Dihydrate  (heated up to 120°C in 
a glass tube) and injected into the cold 
AIDA (time period: 2h)

C  = 40 000 P/cm3

Sice

 

=  1,11
Tice

 

= -46.8°C
fice = 0.08%



microphysical properties of slowly 
growing ice crystals



Mishchenko & Sassen, 1998



Ice Nucleation on 
Meteoric Smoke 
Analogues

Meteor smoke analogue 
particle generated by the 
photo-oxidation of iron 
pentacarbonyl

(Saunders and Plane, 2006)
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VPc =

Stokes Vector – Degree of Polarization



⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

i

i

i

i

V
U
Q
I

MMMM
MMMM
MMMM
MMMM

V
U
Q
I

44434241

34333231

24232221

14131211

Mueller Matrix

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

⋅

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛
−

=

⎟⎟
⎟
⎟
⎟

⎠

⎞

⎜⎜
⎜
⎜
⎜

⎝

⎛

0
0
0
1

0000
0000
0011
0011

2
1

0010
0100
1000

0001

1
0
0
1

2
1

ii II

linear polarizerλ/4 retarder

incident vectoroutgoing vector

matrix of optical element



General matrix

Scattering Matrix
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incident light:

light scattering in general induces polarization !



Scattering Matrix – Symmetry
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4x4 matrix contains all information about angular scattering by a medium
•

 
defined by size, shape and material of the particles

•
 

Single-particle symmetry or media that are invariant under rotation and
 reflection reduces the number of non-zero and independent matrix elements 
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Scattering Matrix – Spheres

Example: incident light is 100% polarized parallel
 

to the scattering plane
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Scattered light is also 100% polarized parallel
 

to the scattering plane
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Scattering Matrix – Spheres

Example: incident light is nonpolarized
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1.86 µm
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parallel polarised (extraordinary) rays
 power: 1W  

integrated power on
 beam stop: 0.03W



Schröder et al., 2000

Transition of Contrails into Cirrus Clouds

In situ measurements of ice crystal number size distributions



Sassen & Hsueh, 1998

Freudenthaler et al., 1996

Evolution of contrails 
probed by polarization 
LIDAR

6s-22s 86s-100s
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