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Abstract To achieve the detection targets of the helium (He) lidar system and to measure the density of He atoms
of the atmosphere at altitude of 200-1000 km, the parameters and performance of the He-density detection lidar
system are designed, which mainly includes laser emitting part, optical receiving part, data acquisition and control
part. According to the parameters of the He lidar, the relationship between the expected number of photons received
and the distance under the conditions of different metastable He [ He(2°S) | densities, integration time and range bin
is compared, in which it is found that the density of metastable He(2°S) has the greatest influence on the signal
intensity. The resonance fluorescence signals by Rayleigh scattering signals is calibrated at a common lower altitude
to obtain a relative number density curve and signal-to-noise ratio (SNR) curve. The simulation results show that in
the height range of 250~530 km, the relative error is less than 2% and SNR is more than 40 when the integration
time is 30 min, the range bin is 50 km, and the density of He(2*S) reaches the minimum. These results prove that
the designed parameters of the system meet the detection requirement of He atom density in upper atmosphere and
have certain reference value for the system implementation in the future.
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Fig. 1 Energy diagram for the lower levels of He atom
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Table 1 Transition characteristics of metastable He resonance emission lines

Emission lines 1083.034 nm 1083.025 nm 1082.908 nm 388.9 nm 311.8 nm
g 5 3 1 9 9
g 3 3 3 3 3

A, /(107 s 1Y) 1.022 1.022 1.022 0.948 0.564

£y /(1078 s) 9.785 9.785 9.785 10.55 17.73
g 16.8 16.8 16.8 0.1 Small

388.9 nm F 318.8 nm F& 543577 4 T 3°P~2°S Al 4°P~2°S (IR IE (H & AT 09 2 X 3 31 2 K0 i /)
B R B B L 1083 nm MK, HEAT A 1) B AR AR G /N AR BT B B AR K IR RGE T AR A He 3%
22 RETRESHeWEES

He JFF7E 100~1500 km AY#AJZFAMRZAER T2, He(2°S) 78— & A P fE 51 48, 35 He I
TR R BB O L LA AR L 2 AR K O SRR ) AR AR U AU AR . He (27 S) 19 7 i AR PH R T
Fi BB MO IO IR AL 7 A2 1 He(2°S) [l B4 1, HH T — ZR 5 52 22715 11 i1 J3E 52 ) 1) 6 £k 2% R R B 8 FE BIL A
TR g, PR AR He(2°S) AR, 400 km LA F A Penning HL B A 700 km DL |- 844k Fin el
ARG TG B A AR R FELE . X LEHLHIA BBRH T O A He(2°S) 1 85 M 5 B 400~
700 km"',

FIH Arecibo LI 3 (14 B8 78 AN [R] 22715 R K BHOE BRAS AR T E 57 He(2°S) %5 B Wil = & 40 A (A5 7Y, 43 5]
25 RS He (27 S) %% B S e Al i AR IS il o5 B 1) o34 » WL 2 TR

102

10

Density /cm™
—_
1S

2

S o O
L L &

04
200 300 400 500 600 700 800 900 1000
Altitude /km

2 U/ ETENRRBAC I AE T AR He 9 Bl 5 B2 20 A 45 2
Fig. 2 Density distribution model of metastable He with height in the best/worst seasons and solar conditions
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Fig. 4 Schematic setup of the He lidar system
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Table 2 Parameters design of He lidar system

Parameter Value
Laser power /W 40
Integration time /min 30
Resolution range /km 50
Telescope diameter /m 1.2
One-way atmosphere transmission 85%
Chopper efficiency 95 %
Filter bandwidth /nm 1
Bandwidth of ultra narrow band filter /GHz 1
Transmission of ultra narrow band filter 80%
PMT quantum efficiency 30%
Optical fiber efficiency 85%
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