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1. Introduction

 

.

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 
HiRoP, a wave plate was set to depolarize the beam and a beam spliter to draw a reference beam
 ( Ref-LASER ), used to monitor the energy of each outgoing laser ( Cali-LASER ) during laser emission.
 The schematic diagram of YAG Lidar inside the site is shown in Figure 2 below [2].

The Wide Field-of-view Cherenkov Telescope Array (WFCTA) is one of the main components of the Large High Altitude Air Shower Observatory(LHAASO) located in Haizi Mountain,Daocheng County,Sichuan Province.WFCTA probes cosmic rays by observing Cherenkov 
photons generated by secondary particles in Extensive Air showers.Changes in atmosphere depth will lead to changes in the detection efficiency of WFCTA.Therefore, the variation of atmosphere depth plays an essential role in the calibration of WFCTA. In this 
proceeding,the temporal variation of atmosphere depth at LHAASO site is studied with the MSIS-90 atmosphere model,and compared with the American standard atmosphere model,Saber satellite experimental data, and observational data collected at the LHAASO site. 
MSIS-90 is used to obtain monthly atmosphere depth at the LHAASO site.

In order to better study the atmosphere changes at LHAASO, we use the 
atmosphere pressure data recorded by the standard weather station at LHAASO. 
The data is obtained every 5 minutes from January 2020 to August 2020.The 
pressure data is divided by the corresponding acceleration of gravity to get the 
overburden.

3.Establishment of LHAASO-model
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LHAASO is a dual-task facility designed for Cosmic-Ray (CR) and Gamma-Ray studies at TeV and PeV energies. It consists of three interconnected detectors, Water 
Cherenkov Detector Array (WCDA), Kilometer Square Array (KM2A), and Wide Field of-view Cherenkov Telescope Array (WFCTA), located at 4410 m above sea level in the 
Sichuan province of China .WFCTA is mainly used to observe the Cherenkov or fluorescence light generated by secondary particles produced by cosmic rays entering the 
atmosphere to probe the primary cosmic rays[1].

 In order to simplify the calculation, J. Linsley proposed the American Standard Atmosphere Model.Atmosphere Model.Atmosphere Model.The density variation of the 
atmosphere with altitude is modeled by 5 layers[2]. 

This model is often used in the estimation of high-energy cosmic rays shower. However, the Cherenkov radiation or fluorescence in the WFCTA field of view will change 
with the change of atmosphere depth over time. Therefore, it is very important to quantitatively study the change of atmosphere depth over time in the LHAASO-WFCTA field 
of view to reduce the systematic error of LHAASO-WFCTA and improve the data accuracy. At present, other experiments to observe Cherenkov light or fluorescence in the 
world mostly monitor the atmosphere depth.

The Auger Observatory measured the depth of the atmosphere over a 12-month period to build a model of the depth for the atmosphere at their site. The MSIS-90 model 
describes the neutral temperature and density in the Earth’s atmosphere from the ground to the height of the thermosphere.Below 72.5 km, the model is mainly based on the 
regional averaged temperature and pressure tabulated in the MAP manual drawn by Barnett and Corney[3]. Below 20 kilometers, these data are supplemented by averages 
from the National Meteorological Center (NMC). Above 72.5 kilometers, the model takes into account the data obtained from the space shuttle flight and the updated 
incoherent scattering results[3].Compared with the US standard atmosphere model, it can describe the temporal and spatial changes of atmosphere density and temperature. 
In this proceeding, the LHAASO-MSISE model is established by using MSIS-90 model data.

2. Atmospheric depth of experimental data

    In this proceeding, we downloaded a total of 31 days SABER data from 2013 to 
2018. The atmosphere density is integrated in the vertical direction to calculate the 
atmosphere depth at LHAASO. After averaging the obtained data, and plotting the 
standard error of the average, the result is shown in Fig.1. it can be seen that the data 
ranges from 14 km to 110 km since the satellite scanning starts at 14 km.
    Fig.2 shows the difference between the satellite's atmosphere depth measurement and 
the MSIS model from 2013 to 2018. It can be seen that there is a large difference 
between 14 and 20km, and the maximum difference can reach 20 g/cm2. Figure2(b) 
shows the ratio of atmosphere depths from obtained from the MSIS model and from the 
satellite data from 2013 to 2018 and It can be seen that most of these ratios are within 
20%..

Fig.1 The average of the 31-day SABER data

Fig. 2 Comparison of absolu1te 
values of atmosphere depth

Fig. 3: Comparison of relative values of 
atmosphere depth

At 4.4km, the measured data from January to August of 2020 are selected 
for comparison with the model data of the same period. Figure 3(b) shows the 
difference between MSIS and measured data in the same period. The 
difference between the model value and the measured value is in the range of 
0-15 g/cm2. corresponding to a relative change of 1%-3%, and the model value 
is greater than the measured value during most times.

Fig. 4: Variation diagram of surface atmosphere depth in Daocheng over time

Fig. 5: Absolute difference of atmosphere depth

   In this proceeding, we first selected the MSIS-90 model density data from 4.4 km to 
100 km in LHAASO site in 2018 and integrated the atmosphere density in the vertical 
direction to calculate the atmosphere depth. Figure 4(a)shows daily atmosphere depth 
in April 2018 normalized to that of April 1. It can be seen that the atmosphere depth is 
changing gradually, and the maximum difference within a month is about 1%. 
Comparing the monthly average data of atmosphere depth in 2018 with the annual 
average data, the monthly variation of atmosphere depth at LHAASO is shown in 
Figure 4(b). The observation time of WFCTA is at night. In order to improve the 
accuracy of fitting, we select MSIS data from 8:00 pm to 6:00 a.m. every month, and 
establish LHAASO models by using the fitting formula of American standard 
atmospheric models. The fitting results are shown in Table 1.

Based on the above results, at LHAASO, the atmosphere depth values of the 
MSISE model from 4.4 km to 100 km are slightly larger than the measured values 
of the experimental data, but compared with the US standard atmosphere model, 
the agreement with the experimental data is higher,we will use Corsika simulations 
to analyze the differences in data performance between the model and American 
standard atmosphere model.Fig.6 Diurnal variation of atmosphere depth Fig.7 Monthly variation of atmosphere depth

Table1:Fitting parameters of the atmospheric model
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    The TIMED (Thermosphere Ionosphere Mesosphere Energetics and Dynamics) satellite was 
launched by NASA in July 2001. Its main instrument include a multi-channel infrared radiometer 
(Sounding of the Atmosphere Using Broadband Emission Radiometry, SABER). The orbit period of the 
TIMED satellite is 1.6 h. It runs about 15 orbits every day and survey the coverage observation of the 
earth once every 60 days.The SABER also measures the temperature in the altitude range of about 14-
140 km, the vertical resolution is about 2 km and the horizontal resolution is about 400 km[5]. The 
mesosphere density measured by MARMOT lidar in Golmud by the Institute of atmosphere Physics, 
Chinese Academy of Sciences is in good agreement with the measured data from TIMED/SABER 
satellites and the model value in the middle atmosphere is 1%larger than the measured values from lidar 
and satellite data20%[6].


