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. Table Specifications of POLIS-6
Introduction Laser Nd:YAG
The POLIS-6 lidar system (specs. see Tab. 1) has been Litron LG-250-10
designed for high accurate linear depolarization ratio (LDR)  Emitted 355, pol. vertical /
measurements at two wavelengths (355 and 532 nm). An EVEIERES i) 582, B0l WOz
Inadequate calibration technique and the neglect of o G AU/ BB
important systematic influences, like diattenuation of the Emitted pulse energy 50/ 27 mJ*
optics, can lead to large errors in the linear depolarization REpeUteniiate 10 1z
ratio measured with lidar systems. Here we show how the Fulls lemgitn 4-6ns
high accuracy is achieved with POLIS-6 and how accurate it ~ Pointing stability <70 prad tw
really is by comparing measurements during SALTRACE Beam divergence <0.5 mrad™
with the theoretical values of the molecular LDR. Telescope Dall-Kirkham
Effective diameter 175 mm
Lidar setup (like design of POLIS-6) M 1eo0mm
: : CL N Field of view [mrad] variable, typ. £2.5
— Avoid production of elliptical polarization between :
.. : Detection channels 355s, 355p, 387,
the laser and the polarizing beam splitter. 5325, 532p, 607 . . , . , ) , o
— Do not use inclined emitter optics (no beam-steering)! o banduidthe. 354.6 5B, 1. glg(urg 1: POLIS-6 with thg receiving optics rotated at £45° (left, right) for the A90°-calibration, and at
) : L. , middle) for atmospheric measurements.
— Because the orientation of the plane of polarisation of the CWL, BW fwhm [nm] 386.7, 0.52
laser is usually not known => include the possibility to 532.04 s&p, 0.97
rotate the laser polarization (laser rotation, ¢). . o 607.54, 1.38 o SO TFF RRL: xi0”
POLIS-6: included in the A90°-calibration setup (see [2]) fA-dd't'.onal polarization- o> 5- o Wisssnm_angl oW 11 rm b Tair 2484
: ) .. , : llters: WL (nm), type, 355, XP-38R, 6.4e-4 | o
— Avoid any rotational misaligment around the optical axis extinction ratio 532, XP-40HT, 2e-4 .- 41— — =
of inclined optics (beamsplitters). | DL it 6x Licel TR 40-160 o . =3 £
— Include an accuratg polarlzat|on cal|prat|on In the design. RangerSesiuGen 375 m g g % E
POLIS-6: mechanical A90°-calibration (see [2]) « with internal attenuation 52 e et . 5 ~5x107 8
— Suppress cross talk of the polarizing beam splitter with ** full width (fw) at 90% of output energy 5 11 0.2 g
additional polarization filters (see table) s | g
— Use only optics with well known and / or low diattenuation D, D, = I, —1, N A P 1 )
=> is sometimes correctable / or negligible [, +1 L * [ I
POLIS-6: VEery small, In total DO= 0.002 @355 nm and 0.032 @532 nm 15062013 22062013 29062013 06072013 13072013 >0 353 354 355 356 as7
date wavelength in air (nm)
- - - - - Figure 5: Rotation ¢ between the plane of T . 2x10°
Theoretical molecular linear depolarization ratio polargamn o e e T o JoWL 532,04 o WL 53207
Interference filter bandwidth is very small (0.2 = 3 nm typ.) => exact shape and center plane of the receiving optics (laser rotation) 16 LTI T fer 2618 r
wavelength must be considered (Fig. 3); Avoid temperature dependence! determined with the A90°-calibration. S or 0 ’Z‘*
Rotational Raman line LDR is 0.75 (wings) in contrast to ~0.004 of the central line at the laser % 06- 4 -~
wavelength => calculate RRL intensities (Fig. 3) [8] and resulting LDR (Fig. 6) considering 1+D. & —tan’ e g ocl I
— laser wavelength: unkown on the order of 0.1 nm due to unknown rod temp. (Fig. 4) [5, 6] = - — Eq. (1) 2 :
— air temperature: variable with height range where clean air was found 1 -D,1-0 tan" &€ L 3
Results: expected molecular LDR with POLIS-6 under local conditions (Fig. 6): . g
LDRmol = 0.00785 + 0.00024 at 355 nm and 0.00444 + 0.00008 at 532 nm 1+ D5 o Eqg. (2) - |
146 = 20 | 457 + et LJ ‘ |
| — D[} 0.0--]«Jl pelleet? & , --Il--o
Measu rements ﬁgifnmmfZQ 530 WSa?:;Iengfsfn air?:ri) 534 535 536
— Sufficient temporal averaging, stable atmospheric conditions => . . .
decrease random errors. Here: favorable measurement conditions 0,010 Sz 28 [MeiEneEl Reuman oes RKL,
during SALTRACE (Barbados) stable atmosphere; low clean air range. T 1 bgzléslia;tifigr%%fé';'fu”rz E'C%Ztt:aﬁallii)eogn':'izttaegc)j ;)rf dat
— Determine (Fig. 5), ana Cor,reCt the laser rotation (¢) | o ?, ; + the transmission of the used interference filters
and correct for diattenuation Do (Eq. 1, theroy see [2]). 0.008 3 §_§ ; & ; (IFF) (see Table for BW and CWL).
0* Is the uncorrected and o the corrected LDR. i S T T T 005
— Calculate errors from known systematic uncertainties (Fig. 6): ' | -
I.e. calibration error, laser rotation error (Eq. 2, theroy see [2]) . 0.006 - - ‘\\ i
— Determine the weighted mean and deviation over all measurements (Fig. 6) | [T 35—
LDRmeas = 0.00824 + 0.00021 at 355 nm and 0.00546 + 0.00031 at 532 nm X x‘\nm{
. - 0_004_- _____________________________________________________________________ _ v 0007 T
CO n C I U S I 0 n 7 - for laser wavelength at rod temp.
While the measured LDR at 355 nm agree with the theoretical LDRmol values : 0.006 oo oy nmaes s
within the error bars (mean difference ~0.0004), the difference at 532 nm is larger 0.002 - LR > e 355 | T rnmat 25°C
(mean difference ~0.001) and significant considering the error bars; the source of : theoretical LDR 539 M —— 355 nm 0.005
that is unknown, but certainly an offset and not the calibration factor with a relative _ Cabannes LDR 532 nm ---—-355 nm | e
error always less than £2% due to the accurate A90°-calibration. This is important, 0.000 +————F—T——TF———FFF T —————] oooad L Lo ] T
because an error of ~0.001/0.0055 would mean a relative meas. error of ~18% 15.06.2013 22.06.2013 29.06.2013 06.07.2013 13.07.2013 oo, B0 40 00 20 40 60 80 100
for all other LDR values of aerosol like Saharan dust or cirrus clouds. date air temperature (%)
Figure 6: Linear depolarization ratios (LDR) of Figure 4: Theoretical LDRmol of clean air (with
[1] Reichardt, J., R. Baumgart, T. McGee, 2003: Three-Signal Method for Accurate Measurements of Depolarization Ratio with Lidar, Appl Opt, 42 (24), 4909-4913. presumable clean air ranges measured during 385 ppmv CO; and 0% RH) over air temperature
e e L N SALTRACE with POLIS-6 at 355 and 532 nm (dots _ including the rotational Raman lines of O; and N;
0 Frescemio, v, 3005 Opuni el Bcsgroustsoptemson o 1o oo eeccope, P moenchen A 39S UM 2006 el B 61 (1 165175 with systematic error bars). The dash-dotted lines  within the used It bandwldths and considering
[51 Kushida, T., 1969: Linewidths and Thermal Shifts of Spectral Lines in Neodymium-Doped Yttrium Aluminum Garnet and Calcium Fluorophosphate, Phys. Rev., 185 , 500-508. show the theoretical LDR if only the central laser wavelength ranges for rod temperatures
[7] Behrendt, A, 2005 Temperature Moasurements with Lidar, in Weitkamp, C. (ed.: Lidar, Springer New York, 2005, 273-305 Cabannes line passes the IFF, and the gray areas ~ between 25°C and 85°C. The red rectangles show
[8] Wandinger, U., 2005: Raman Lidar, in Weitkamp, C. (ed.): Lidar, Springer New York, 2005, 241-271. between solid lines show the theoretical ranges of the considered variability of air temperature and
This poster and the abstract will be available under http://epub.ub.uni-muenchen.de/24942/ LDRmol from Fig. 4. laser wavelength, and the red arrow the resulting

uncertainty of the theoretical LDR.




