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Clouds cover large areas of the Earth’s surface throughout the year and absolute amounts of droplets and ice particles in a cloud, and in case of ice and sub-ym range are still problematic due to detection limit issues. Counting) was developed similar to TOPS-Ice (Thermostabilized Optical . i
thus play an important role in terms of climate, especially concerning the particles their respective surface roughness. Therefore, particle light scattering simulations focusing on the Particle Spectrometer for the detection of Ice, Clauss et al. 2013). . v
Earth’s radiative energy budget. The radiative cloud properties themselves Detailed inf _ oud - h dod by inesi determination of the optimal scattering angle concerning the particle phase = SHERLOCC is designed for laboratory measurements in combination with .
strongly depend on the fractions of ice crystals and cloud droplets, their etalled iniormation on cloud composition ¢an be provided by in-situ discrimination purposes were performed. Based on these simulations, a the laminar flow tube LACIS (Leipzig Aerosol Cloud Interaction Simulator, .
measurements using, e.g., optical particle counters. Although the optical S : : : : . : .« s

Size spectra, as well as ice crystal shapes and surface roughness. Hence,
for quantifying cloud radiative properties, it is essential to know the

new optical ice particle counter called SHERLOCC (Single Hydrometeor
Electromagnetic Response Logger for Optical Characterization and

Stratmann et al., 2004). This setup aims at improving the water droplet and
ice crystal discrimination in the lower micrometer range.
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Instrumentations are already very advanced, measurements in the lower

Particle Generation: LACIS

Particle Scattering Simulations
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Linear Polarization Run Settings: - Use of the same volume DPM optical fiber (400um)
0,0 0,3 0,7 1,0 1,4 1.7 2,0 24 2.7 3,0 3,4 . .
i ol _ wavelength (\): 532nm equivalent diameter (d,) for L + — [SATURATOR Je
ave ; - —
comparison of spheres/ ] | o
scattering angle (a): [13, 167] sph eproids ; l "|.[ . _ sensitive volume
size range (X,,): [0.1, 20.0] INLET
aspect ratio (¢): [0.77 ,0.87, Results for best phase l\?\ =
1.00, 1.15, 1.30, 1.55, 2.00] discrimination: : il |~ | SHEATH AIR |- air tight optical cell beam trap
— Use of Lorenz-Mie theory for — 100° scattering angle for [ e - laser (532nm)
spheres (water droplets) and T- linearly polarized incident light T ~ vertically polarized cylindrical lenses
Matrix method for spheroids (Fig. 1+2) |_ : =
(ice crystals) | | NEUTRALIZER] A - z Z I
- 142° scattering angle for circ. A | _ volarizer
- ,monodisperse“ lognormal polarized incident light (Fig. 3) ‘ I = spherical lenses
droplet size distribution with a _ _ _ _ f C ] ;| »
G e el — C_lrc. polarlz.e.dlllght results in a DRYER | I — oM B —
X ] higher sensitivity and better || - ~co
_ _ _ R - Focus on geometrical shape counting rate BUT it is limited I i -/I_\\ ﬂ N
Fig. 1: Intensity ratios (l, 7;/1, o) |n.dependence of a and only (refractive index: ice = to particles > 2.54um. S — optical fiber'(200pm) P<_>|- beam
Xve (d,0)- Blue color: I, o, = |, 77; White color: I, o> ly.77; water = 1.33) ATOMIZER | 1= ~— splitter cube
other color: I, ,,< |, - (good discrimination) => use of linearly polarized light i CPC PMT C -—
and a scattering angle of 100° -E S
d DPM
Linear Polarization Run d,, (Hm] Circ. Polarization Run 9. W™ SEEREEe
0.0 14 17 20 24 27 30 34 0.0 03 07 40 44 1 200 24 27 30 34 Fig. 5: Sketch of SHERLOCC (tOp view).
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Ly ' N LK age I — \/A"A'_ ~—A~AAnAANN l5_41z Fig. 4: Sketch of the particle generation, LACIS, and the | | | o
. =1 1 b r ‘ﬁ[r\ ( o 4627 optical detection system (modified from Hartmann et al., - SHERLOCC (Fig. 5) is based on TOPS- - The change in polarization detected by
g o000 . 3.843 2013. Ice (Clauss et al., 2013). PMT C is used for the discrimination
120 - | B 't | 8.505 120 4 gﬁ 3.059 _ o _ between liquid droplets and ice crystals.
<A | | R LACIS (7m length, 15mm Q) is separately controlled for each of - The key modification in SHERLOCC is
M ' '_ = 100+ j = 1450 a laminar flow tube consisting of ~ the seven sections. the change of the detected scattering - The lower detection limit of TOPS-Ice

6.375

\ 0‘.}‘"

5 v ! o = 0.7059 seven 1m sections and is _ angle from 42.5° to 100° based on was ~1um for mixed phase and pure ice
S 80- . I 5.300 = \ !-0.07843 connected with a particle - Duetothe adjusted particle scattering simulations. clouds, and ~0.5um for liquid clouds. Due

. pes - 0.8627 generation system (Fig. 4). thermodynamic conditions, | | to the modification of the scattering angle

1 AT | | liquid droplets and/or ice - SHERLOCC is des_lgned_ to detect the in SHERLOCC, the detection limit is
40 - | 40 - 2431 — The particle generation system crystals can be formed in number concentration, size (PMT A) and supposed to decrease even further.
| 2.075 3216 upstream of the LACIS tube various sizes of the lower ym phase of the particles (PMT B/C) in the
20 i , T 1.000 1 4,000 produces dry quasi- range. lower ym range.
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Fig. 2: Intensity ratios (1, 54/l o0) in dependence of a and

Xve (dyo)- Blue color: I, ;o= |, 50; White color: 1, ;o> 1, 50

other color: |, ;o< |, 3, (good discrimination)
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Fig. 3: Intensity ratios (1, 54/l o0) in dependence of a and
Xve (d,o)- Green color: |, o, = |, 505 White color: I, ;o> 1, 50;
other color: |, ;o< l, 3, (good discrimination)
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» Based on particle scattering simulations it was found that a scattering angle of 100° IS best for
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monodisperse or polydisperse

particles.

— The thermodynamic condition
(temperature, relative humidity)

— All particles generated by -

LACIS are directly fed into the
optical detection system TOPS-
lce or SHERLOCC.

inside the LACIS tube are
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