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Abstract

* Lidar §ystems_,, althou.gh highly effective tqols for_atm_ospher_ic profiling_, encour_1ter _sign_ificant limitations for Since the 532 nm channels are most affected by the background radiation Re SU |tS The backscatter profiles for the
operation during daytime due to ambient light (primarily skylight). The intense illumination from the sky/sun (Fig.3.a-b), the study will focus mostly on the 532 nm depolarization channels. two dates at 532 nm (with and
limits the capability of the lidar receiver, leading to limited performance due to increased noise levels of the The comparison was made for two case studies with similar atmospheric without the tilted slit) indicate a
collected signals. conditions (noon measurements with clegr sky 11:00 UTC). The two cases are Figure 4: The backscatter profiles and absolute signal deviation. a) significant improvement in the

. A|th0ugh the tilted slit solution was deve|oped many years ago, and it is a|ready imp|emented by several lidar 2023-05-02 (no Sllt), 2023-07-12 (tllted Sllt). Backscatter profiles at 532 nm with tilted slit: red, normal field stop: blue. |case of the tilted slit setup.
- - : - - ; - b) Absolute signal deviation relative to the smoothed signal red-grey for Fig.d.a shows a comparison
Instruments, the advantages of using such a technique are not published. The paper intends to present a The measurement’ dates was chosen based on several factors like tilted slit setup and blue-black for normal field stop. g P
comparative study between lidar retrievals performed with and without the tilted slit solution to better quantify atmospheric conditions and AOD values at 500 nm. The time gap between the N between the two backscatter
the advantages of using such a technique for lidar retrievals. selected dates is also caused by factors related to alignment and quality ING .34, 26,01, 1h ave profiles (one hour average).

23-05-02 - 23-07-12 (11:00 UTC) Abs Deviation from Smoothed Profile | Fig.4.b presents the absolute
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assurance required after each update of the optical configuration [2]. The
position of the sun relative to the geometry of the telescope was also

Th e C h d | | en ge considered for the case study dates.

Fig.3.a-b presents the modeled solar spectra for the specific latitude: 44.3
(based on Bird and Riordan, 1984 - kastenyoung1989 airmass model). 8000 8

10000

S filter, window length: 51, poly
s we====== order. 3) and the smoothed
P e | absolute signal deviations (black
s rmmE and grey curves). Considering

- that the additional noise between
the two signals is generated by

The operation of conventional lidar systems face limitations, particularly during daytime operation when ambient
skylight (mostly coming from the sun) overwhelms the receiver, leading to decreased signal to noise ratio (SNR)
and reduced data quality.

To overcome this issue, several solutions have been implemented: narrow bandpass filtering, reduced telescope
FoV, additional rotational Raman channels for daytime extinction, increased laser energy. A slit solution designed

The data indicates that for the specific timeframe, the total sun irradiance at
sea level is around 1.7 Wm-1nm-1 @ 532 nm for 2023-05-02 and 1.65 Wm-
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to replace the conventional telescope field stop will mechanically limit the amount of undesired background light Inm-1 @ 532 nm for 2_023'07-22- The aIrmass 15 1.011 and 1.15 orespectlvely % f £ SR :Eg aoclléjtlgcc:)t?c?rll St{/\"g I'g;rt] ri::/gmg
entering the receiving block. This approach requires accurate control of the lidar alignment and optical setup. for the two dates, while the solar zenith is 29.59" and 25.67". The sun- 3 _j S titative  estimat £oth

photometer AOD at 532 nm is 0.109 and 0.3 respectively. Under these = S — quaniitative —estimate o €
< - e — effects of the tilted slit on the

considerations, we can estimate that the amount of stray sunlight entering the
telescope volume is similar from the sun geometry perspective but could be
considered three times smaller for the 2023-05-02 case (based on the 500 nm
AQD).

so00 . = 4000 SRS SNR. The data indicates that the
deviations are greatly improved

for the tilted slit setup.

Figure 1: Zemax Optical Simulations. Green pattern » near range light collected from 300m; Blue pattern » far range light collected from 3 km.

Far range focus Near range focus Far range focus

Near range laser image

— e —r e —

Far range laser image

2000 - N 2000 &
£

Figure 3: Solar spectra for the specific latitude: 44.3 (based on Bird and Riordan, 1984 -
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Methodology

« The Alpha lidar is a state-of-the-art instrument designed to meet the operational and data quality requirements
of the ACTRIS research infrastructure [4]. | | | | |

» Engineered for continuous operation, this instrument delivers a full set of optical products that includes daytime Wavelength (nm) 0T 660 800 1000 1200
backscatter, daytime extinction and nighttime extinction at three wavelengths, and three depolarization products eveength i)
(3B, 3a-daytime, 3a-nighttime, 30).

Imadiance (Wm~2nm™1)

0.2 1

Tilted slit

« The Alpha lidar system comprises two distinct components: an operational segment and an experimental No tilted slit
segment. The operational portion consists of three lasers and three telescopes, with each emitter-receiver pair Figure 2:Normal field stop vs tilted slit. Upper-left: normal circular field stop: Up-right: field stop inside the
specifically targeting different atmospheric characteristics. The first receiver is responsible for capturing data telescope; Lower-left: tilted slit solution; Lower-right: tilted slit installed inside the telescope.

Discussions

related to elastic and Raman scattering channels, while the second receiver is dedicated to depolarization
channels at 532nm and 355nm. Similarly, the third receiver focuses on depolarization channels at 1064nm.
Additionally, alongside the primary lidar units, the instrument incorporates an experimental High Spectral
Resolution Lidar (HSRL) unit utilizing the lodine filtering technique at 532nm [4].

 To achieve a good SNR, the two depolarization telescopes were equipped with a tilted slit solution [5]. Due to
Its modular design, the tilted slit modules could be easily replaced with normal field stops for this comparative
analysis (Fig.2).

Based on the analyzed data, we can estimate an improvement of the signal quality in case of the
tilted slit to be more than 6 times better for the given altitudes even if we disregard the effects of
different AOD 500 nm for the two cases. If we can consider that the AOD 500 nm is mostly
caused by the contribution of the lower troposphere and if we estimate that three times larger
AOD 500 nm indicates three times less background light reaching the telescope, we estimate
that the signal quality in case of the tilted slit solution is more than 15 times better for the
Investigated altitudes.
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