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Abstract: The observation of metastable helium He(2°S) by ground-based resonant
lidar has been gradually developing. For example, a corresponding lidar has been built
in Danzhou, China, and has been observed for several months. More observations may
be conducted in the future. So the paper will analyze the advantages and disadvantages
of observations at different locations on Earth from the perspective of He(23S) density,
mainly using previously generation models of He(23S) density and empirical models of
energetic electron (>19.8eV) flux in polar regions. The results show that compared to
passive observation conjugate photoelectrons have a significant impact on the
observable duration of middle-low latitudes, and the precipitation electrons in polar
regions are the main source of He(23S) generation during most nights.

1. Introduction

The sharp enhancement near 1083 nm was first
observed during the intense sunlit aurora on
February 10-11, 1958 [1]. Over the past few
decades, many observations of the 1083 nm
emission intensity have been made at various
magnetic latitudes [2,3]. In 1996, metastable
helium spectral lines could be separated from
hydroxyl groups [4], and in 1997, laser radar
was proposed to observe metastable helium to
obtain its height profile[5] . At the same time,
the metastable helium density model is also
constantly evolving, which is of great
significance for understanding photoelectrons
and monitoring the thermosphere
atmosphere[6,7].

Due to the lack of density profile information,
the model cannot be further improved. Recently,
the He(23S) density observation with lidar has
been developed gradually, which can get
He(23S) density profile [8]. This helps to
update the model and gain a better
understanding of photoelectrons, thermosphere
models, and more [6,7,9]. In order to provide
more reference for lidar observations, this paper
simulated the annual variation of He(23S)
concentration to better analyze the suitable
observation periods for different observation
locations.

The research describes the modeling process of
the He(2°S) density model in the thermosphere
(Section 2), which has made slight changes in
the photoelectronic model compared to the
previous He(2’S) model [10]. Then, density
simulation results at low and high latitudes were
presented based on this model, and the
influence of polar precipitation electrons on He
(2°S) density was discussed [8,10]. Section 4
discusses possible updates to metastable helium
density models if future and possible
phenomena at different observation locations.

2, He(23S) Density Model

The metastable helium density model in this
paper is a single column, single time model.

The main generation mechanism of He(23S) is
the collision between ground state helium and
energetic electrons (E>19.8 eV) by

He(11S) + e~(E > 19.8 eV) (1)
- He(238)+ e~

The secondary generation mechanism is the
recombination of helium ions with electrons:

Het + e~ - He(239) (2)
So the He(23S) excitation rate is calculated by
q(2) = q.(2) + q-(2) (3)

q.(z) is the main generation rate:
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qe(2) = Z ®,(z,E) - o(E) (4)
C n[He(19)](2)

where o(E) is the electron collision cross
section, @,(z,E) is the photoelectron flux
calculated based on the GLOW model,
n[He(115)](2) is the density pro file of ground
state helium from the United States Naval
Research Laboratory Mass Spectrometer and
Incoherent  Scatter =~ Rader  Exosphere
(NRLMSISE-00). q,(z) is the secondary
generation rate:

ar(2) = a;[Te(2)] - n[He*](2) (5)
‘nfe”](2),
where «a,[T.(z)] is the recombination
coefficient. n[He*](z) is the density profile of
helium ions from the IRl model. n[e~](z) is the
electron density profile from the IRI model.

He(23S) is lost mainly through radiation decay,
photoionization, and Penning ionization.

k
He(23S) 5 He(11S), (6)
He(23S) + hv L Het + e, ()
k
He(23S) + X 5 He(11S) + Xt +e~  (8)

Equation (6) is radiation decay with reaction
rate coefficients k= 1.1x10"%s™1 [11].
Equation (7) is photoionization with reaction
rate coefficients J=1.9x 1073s™1 [12].
Equation (8) is Penning ionization through
collision with molecules X (N,, O, and O) in
the atmosphere. Its reaction rate coefficients is
ky, = 1.9 x 107 exp(—1.04 —

685/T) cm™3s71 [13], ko, = 1.9 X
10~%exp(—0.63 — 418/T) cm™3s 1  [13],
and ko = 1.034 x 107°(T/150)/¢ cm™3 51
[14] respectively.

Based on the continuity equation, the diffusion
equation is

d D dn+n b n =
dz[ (dz H)] n=q

where L is the total loss rate per atom, H is the
scale height of the He(23S) number density, D
is the diffusion coefficient. The diffusion
coefficient is calculated by

Nge Mo\t (10)
D= ( + —)
bHe bO

(9)

where byeo are the binary collision
coefficients of He(2°S) through atomic helium
and atomic oxygen, respectively. bye = 9 X
1017 T%5 comes from theoretical calculations,
while bg = 3 x 1018 T%5 comes from values
obtained by fitting to the case.

The solar EUV (0.5-1750 A) flux is determined
by the EUVAC model (Richards et al. 1994),
which is also described in the GLOW model [9].
The UV-related scaling factors used in the
GLOW model are scaling switch ISCALE=1
and enhancement factor XUVFAC=3.

3. Results

The second phase of the Chinese Meridian
Project is deploy He(23S) lidar in Danzhou
Hainan Province, so low latitude areas have
been selected for modeling. The simulation
results of the annual and LT variations in state
helium density and the 1083 nm airglow
intensity at 450 km in Danzhou are given in
Figure 1. Combined with the annual and LT
variations in the ground state helium from
NRLESIS00 above, the annual variation in the
He(23S) column density can be roughly seen.
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Figure 1. Seasonal and LT variations in (a)
helium number density at 450 km and (b) 1083
nm emission intensity at Danzhou, Hainan.
The blue line represents dawn, the red line
represents dusk, the solid line indicates that the
solar zenith angle is 90°, and the dotted line
indicates that the solar zenith angle is 104°.
The SZA corresponding to A=30.4 nm solar
ultraviolet screening height (i.e.,
approximately 300 km[15]) is approximately
104°.

A radiation intensity of 1083 nm of
approximately 10-12 R can be observed during
polar sunlit auroras. This result is mainly
because the precipitating electrons greatly
enhance the He(23S) density during aurora, but
the influence of precipitating electrons on
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He(23S) was not considered in the polar
simulation below in order to understand the
influence of photoelectrons.

First, the He(2*S) column density in the polar
region 1is simulated without precipitating
electrons, as shown in Figure 2. In addition, the
effect of conjugated photoelectrons on local
photoelectrons can be ignored due to
photoelectron energy loss and pitch angle
redistribution. Figure 2a shows the annual
variation and LT variation in the ground state
helium density at 450 km based on the
NRLMSISEOO atmospheric model. The red
solid line in the top half of the figure
corresponds to the sunset time, and the blue
solid line in the bottom half of the figure
corresponds to the sunrise time. The middle of
the two solid lines represents the day side, and
the two sides represent the night side. As shown
in Figure 2, the ground state helium density
during the polar night is significantly larger
than that during the polar day. As seen from
Figure 2, the ground state helium density near
the twilight lines is higher on the night side than
the other and is higher at noon than for the rest
of the day.
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Figure 2. Seasonal and LT variations in (a)
helium at 450 km and (b) 1083 nm emission
intensity at the Chinese Yellow River Station.
The blue line represents dawn, the red line
represents dusk, the solid line represents the
SZA of 90°, and the dotted line represents the
SZA of 104°.

Figure 3 shows the influence of precipitation
electrons on the He(23S) density under different
solar zenith angles. A very long continuous
observation window is provided in the polar
region, combined with the simulation of the
annual variation of He(23S) density in the polar
region in the paper (Figure 3).
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Figure 3. The influence of precipitation
electrons

4, Conclusion and Discussion

Figure 4 shows the relative relationship
between the magnetic field line and the twilight
line. The transport effect of photoelectrons
along the magnetic field line at the conjugate
point will prolong the suitable observation time,
which can also be seen from the simulation of
the annual variation of He(23S) density in the

paper.
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Figure 4. Schematic diagram of magnetic lines

Passive observation limits longer observation
due to the limitation of sunlight, while lidar
expands observation time, which may lead to
new discoveries. For example, the longer
lifetime of metastable helium may lead to the
existence of metastable helium even after the
disappearance of photoelectrons; The effect of
magnetic field lines at lower latitudes and
heights transporting photoelectrons leads to
height changes in metastable helium; In polar
regions, it can also be used to reflect the
distribution of deposited electrons, and so on.

If more observational data is available, the
impact of magnetic storms and winds on the
distribution of metastable helium density can
also be discussed in the model.
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