A

The atmospheric quality plays an important role in the air shower observation by the Wide Field-of-view Cherenkov Telescope Array ( WFCTA ) of LI
atmospheric monitoring is dependent on the pulse energy, the YAG laser’'s beam parameters and the angular repeatability of a High-precision 3D lifting Rotating Platform (HIRoP). Therefore, we designed an optical system for this lidar with a beam splitter to divide the laser
beam into a reference beam and a calibrating beam with a certain ratio and coupled the beam paths with the movement of HIRoP. Thus, every pulse energy of the calibrating beam, which has the same energy fluctuation with respect to the reference beam recorded by a
power meter, could be calculated by the ratio of the two beams. Great cares were also taken to characterize the beam size, polarization and divergence of the laser.Meanwhile, a high-precision home-made thermotank was designed to control the temperature and humidity to
improve the performance and stability of our laser system, which resulting in a thermal fluctuation less than 2 °C inside the container in the winter at an altitude of 4410 m. Finally, the pulse energy fluctuation of the calibrating beam was about 2 %, much less than that of 5 %
without the thermotank. As a result, we have successfully attained distinguishable full-lWFCTA-view scanning Laser images in different air conditions, which could be used for the atmospheric quality analysis in further.
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AASO. A YAG imaging lidar system was developed to continuously monitor the calorimetric information. The accuracy of
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of the infrared light and provide a picture of the whole sky every 5 minutes. s. The energy fluctuation of YAG

follow In Sec. 3.
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(a) The LHAASO layout.

2. YAG-Lidar system

The Large High Altitude Air Shower Observatory ( LHAASO ) consists of three major components, 1km? Extensive Air Shower ( EAS ) array ( KM2A ), 78000 m? water Cherenkov detector
array ( WCDA ) and Wide Field of view Cerenkov Telescope Array ( WFCTA ).The LHAASO site is located in Haizi Mountain with an altitude of 4410 m in Daocheng, Sichuan. The main
scientific goals of LHAASO project are the study of 40 GeV - 1 PeV gamma ray astronomy and 10 TeV - 1 EeV cosmic ray physics. The main scientific goal of WFCTA is to study the 10
TeV - 1 EeV cosmic ray physics\cite[1]. The WFCTA detect EAS makes use of the atmosphere as a giant calorimeter whose properties must be continuously monitored to ensure a
reliable energy estimate. Atmospheric parameters influence both the production of Cherenkov light and its attenuation towards the WFCTA.The calibration system for the WFCTA consists
of a series of devices, mainly including a YAG laser, two nitrogen lasers and two cloud cameras. In Figure 1,
continuously scan the view of WFCTA and detect clouds and aerosols by analyzing the backscatter signal of a 355 nm pulsed laser beam.The cloud cameras use passive measurements

BS spectroscope , calibretion beam and reference , and the reference beam was monitored during the observation. The YAG Laser worked in a home-made thermotank with temperatuer
flucatuation less than 2 #C. And then ,the energy fluctuation of the calibration beam was improved to less than 2 %.In this paper, we will describe the main characters of YAG Laser, the
design and operation of YAG-Lidar and performance of Laser energy monitoring. In Sec. 2, we will discuss the setup, design and operation of YAG Lidar system. Data analysis and results

(b) Outdoor schematic diagram of YAG Lidar site.

Figure 1: a The LHAASO layout. The position of WFCTA, WCDA and KM2A is shown, red stars marks the position of Lidar facilities ( L2, L3, L4 ). b Outdoor schematic diagram of YAG Lidar %lﬁ%{
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When the HIRoP goes upward and downward, the light between M3-M4 is required to
coincide with the lifting direction of the HiIRoP. A digital image processing method was
Introduced to solve the issue. Elevating and lowering the azimuth turntable, Laser
beam could focus on the calibration screen, then the Laser spots is located by a
digital camera, adjust the M5 to coincide the spots at different height to determine
optical path between M3 and M4. A digital camera is fixed over the center of azimuth
turntable to locate the circle center of the azimuth turntable at different height, then
M5 could be adjusted to guide the light passing through the centers, then the optical
path between M5 and M6 is determined. As for the optical path between M6 and M7,
It IS pointing to the north, which is determined by the sunshade directly calibration. A
wave plate is used to depolarize the beam. The final polarization of the cal-beam
before depolarization is 91.12 % of the circular polarization [5].

a picture of YAG Laser is shown.During WFCTA data acquisition, the LIDARS

Laseris 5 % at 23 -C. Every shot YAG Laser was divided into two beams by a

2.2 Design of thermotank

The thremotank’s temperature control unit consists of heating device, feedback
temperature probe, Proportion Integration Differentiation ( PID ) control device and
voltage regulator. The cavity of thermotank is made of polystyrene foam board with a
thickness of 2 mm. The PID control device get immediately temperature by probe
with frequency of 20 hz and output current to the voltage regulator which powers the
heating device to control the temperature inside. Considering the altitude of
LHAASO is 4410 m and the heat dissipation efficiency, the temperature diff inside
and outside the thermotank must larger than 5 °C to keep the temperature inside
stable at 22 -C with a fluctuation less than 1 -C as shown in Figure 4 (c ). The
operation and accuracy measurement of Laser needs a stable working environment,
the energy of YAG Laser is sensitive to temperature, energy changes 4.5 %/ °C in
the temperature range from -5 oC to 15 oC as shown in Figure 4 ( b ). At the
LHAASO experiment site, temperature changes from 11.5 oC to -31.8 oC during
operation of WFCTA in 2019 as shown in Figure 4 (a), a theromtank is designed to
operate YAG Laser in a thermal fluctuation less than 2 -C.

3. Laser energy monitoring
The flu
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uation of YAG Laser is 5 %, to achieve the accuracy of calibration, every
ef-LASER and Cali-LASER is collected by energy detector separately at
same time. Marking Laser energy with GPS time, every shot is recorded and

recognized. The stability of ratio is crucial to the accuracy of our calibration, it is

YAG Lidar system consists of a YAG Laser, HIRoP with optical path, thermotank, Programmable Laser
Controller ( PLC ) and external trigger system with GPS. Remote controlling system is implemented for
operation of Laser and HiRoP. During the data collection of WFCTA, the Calibration Laser scans the
view of WFCTA with a set of azimuths and elevations to calibrate atmosphere and telescopes [4]. The
design of YAG optical path uses a set of high reflective mirrors to guide the light path coupling with the
HiIRoP, a wave plate was set to depolarize the beam and a beam spliter to draw a reference beam

The schematic diagram of YAG Lidar inside the site is shown in Figure 2 below [2].
2.1 Design of optical path

Coupling the optical path with the HIRoP [2], the "reflector-turntable” method is
adopted for optical path design, so that the laser beam can be rotated with the
HiRoP [2] to scan the whole view of WFCTA and the prototype, The schematic
diagram of optical path is shown in Figure 3. The movements of the HIRoP
iInvolves lifting (510mm), azimuth 360° , and tilting 180 . Specific methods to
set mirrors was designed for the different movement modes of the HIRoP [5].

( Ref-LASER ), used to monitor the energy of each outgoing laser ( Cali-LASER ) during laser emission.

affected by the fluctuation of the temperature inside the thermotank, the stability of
optic elements applied in the Laser path and etc, fluctuation of ratio is less than 2 %
through the whole night as shown in Figure 5.
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Figure 5: The energy ratio of Ref-LASER and Cali-LASER at the whole night, fluctuation
of ratio is less than 2 %.
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Figure 3: The design of optical path in YAG-Lidar system, the left part marked by a red line
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(b) The shotting energy of YAG Laser changes with tem-

(c) Performance of thermotank.

(a) Outdoor temperature on Haizi mountain.
perature.

Figure 4: a is the temperature of Haizi mountain at 2019, the WFCTA operate from 19
o'clock the night before to 8 o’clock the next day. b is The shotting energy of YAG Laser
changes with temperature, the red line and black line is result at different time. c is The
temperature inside theromtank and the environment temperature changes at range from 8
°C to 16 °C., the blue line is the temperature inside thermotank, the black line is the
temperature outside.
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