) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 229401

Eaz

EE TR AR RSN R T A
B R E Y S AR

BIEVDE BAERY BRI FR&EY

3 % i
1) GRBURZH TR BB, B 430072)
2) (" Rl S M BR Y BRI BT, sk ST R E S SR, T 100029)
(2022 4F 4 H 10 HYE]; 2022 4F 10 H 18 HULEIE )

E BT RZW A I (plasmaspheric hiss) J2: i BR 58 51 H7 o — FhF UL A9 HRE D 3. 00 R D% AT LLSE o Ik A
A RS S IO T AT O e 1 TR B v KR, R S O S R R M L SR RN
FL T i 2 R AR % 70 A R B, 0 7 U ) A S R RO R B2 8 R BH XU b 1 3 Bl KT R R, i
PR T 25 A2 L 1 SR 30 NS B TRE B0 A .  T DR TR R B 7 I A el T B BB A B R sk
VL PR gy 2k s 528 bt B L, A% SCR A FDC(full diffusion code) F 48 1480 T M 75 i Xof 4 4 4 FL T 1)
B RE L TARXI L =156, BB FERSEH o = 330, FRER 1 keV-—10 MeV ., HLFHH
£ 0°—90°3 Bl P B4 10 24 1550 22 25000 W B R . 3 i B 2, ml il ad R MR AR (DLl A 2R LA o B80T
F4) 0T 7 0 T S R T B RO R A A X FDO T BB R RS PR (R B S5 R, 0 TR TR
2R PR A5 B B R B AR, R R 22 60 T 10% LA PN . A S 3 <7 A 0 7 8 6T 48 5 e T 0 S A T
FR B0 2 B3R T R 1) A 1, T L R AR AN K B 7 e IS AR A BR AT R e ], DA PR £ T

1A 1

T J 1 [8) 5 S i 2 A8 AR BL AR T 03283 3 T A B2 DA T e B S 7 80 285 TR S 2 (A R 2 7

KGR TR, SR REWN, B R, AR (E, BORAH AR

PACS: 94.05.Pt, 94.30.Xy, 94.20.Qq, 94.30.Bg

i

1 3

Hb SR AR SR SR T O RS SR R
¥, IXE BRI AR A 2 R N A R AL
il AH B 1 S A T S5 B 2Rk sh 2T )
S B R SE RO ARG, B A e R (e
W% (electronstatic electron cyclotron harmonic
wave, ECH )M W 75 5 75 I (wistler-mode

DOI: 10.7498/aps.71.20220655

chorus, Chorus )-8, F5 5 A7 (hiss wave,
Hiss i )= 12), ML B4 25 1~ [l eI (electro-magnetic
ion cyclotron wave, EMIC J)"3=21 FIA T AL
BUhfFES P2 Horp Bl R — R s R A T
W PR LR IR, W TE S B U2 Il B AP T
A e Az 125321 1 P 3piz f4) 95 4 Dt PR T i A SV 2 Fof
1o B FL T8 AJE MU AR E 1 B30 7] R
N P A5 7 A R R A B TR 2 A I g 039,
WP O S L A A AR R AR,

* ER A RBIEEES GHES: 42025404, 42188101, 42174190, 41904143, 42274199, 42204160) ., F LKA F 9 BhigE (i
5: D020308, D020104), " Rk B kB SE S RHE L300 (B 28) (Hit#fi5: XDB41000000) ., H RSB 5T 5 MR YT T sk
517 BTSSR = A (HEES: DQXX2021-04) Al e S A AR 55 9% LT 7T 4 (HEES: 2042021kf0016) BF )

AR
T EfE1EH. E-mail: whumaxin@whu.edu.cn
i BfE1E#E. E-mail: xiangzheng@whu.edu.cn

©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

229401-1


http://doi.org/10.7498/aps.71.20220655
mailto:whumaxin@whu.edu.cn
mailto:whumaxin@whu.edu.cn
mailto:xiangzheng@whu.edu.cn
mailto:xiangzheng@whu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 229401

SRR DR B 2 AL B2 AR 3 TR 2B (w) 9w ()

\ N N \ Gl (UJ) - Wy ) G2 (UJ7 90) - N/ )
D015 AF BT 0 UL 2 B0, W75 9 %K [ / B2 (') du' (@)
H, - B A [A] 5 B2 B BRI RO, B “S” Al RE e (4)
L, F 0 A JE B 143191, Zhao 45 146) 3 3 T3 52 S0 o )
A AL K B 75 % e S BRI RIS B N'(w) = / dy'sing'T'gy ('), I' = n’ n+wa—jv ;
A Ni 26 07 S S BT T REAN I S BT, . (5)

fE7 T WP RS ) SR L T RE G N T S | A
S A BRI P A A R RO

ZRTRIBTSE R, 7k L (WG AAE g A B Ak
LR EY, DI ERAEAR Ry S i) DXInT
DAL 320 807 7 G0 S v RE PR T AU B, B
FHHL TR 00, T AR R Hi s (0594251 fp
USSR Pl rs e 5 | A ARS8 A1 BB 2800, B T
WA P, 30 e T TR WL 45 SRS A ) 3 204,
WP A AR R, O AT, T LR E
AR BIR A, BRI = 51 AR A 39 2 5 S ol s A Y o5
SO TR AR O R AT LT R, T AR
B IR A N T 25 53 W0 7 8 0] 8 S5 HL 7 RO TS &R
OIS A AV SER G TSRl @ R 2R g AU
I RO KRR THR S AR . AP 1
— MEMWR RS TS S T RS o UL
23 [ B SR L o NS B0 W s i i 28 B0
W 12, i MRS 2 T L et 2 A b A
FUATR] o T L WY X SR F RO R AR
DR R AR AL T 2R

2 WA %

AL HTF FDC(full diffusion code)!355-57 3
SR P OO R Sl L T RN R A A SR T
FFE: TSR | W A oA SR £
ST W ARG A R R SR R R

BB Y HREL D, Y B BT AT

s oo
- &< I D SR

ON=—c0 w
Hp B, FFIRME, By AT SREASEIE, R

LP())C
Déva = / singodgpANGlG27 (2)
Ple

2
n osecp o (—sina+ N2./wy)

A w,p)=5 ’
Vs 20y, /cf> L= (0w/Oky)) /vy

(3)

Hoofr o B 55 FIRE S MRG0, P
TR T B 7 1R M A HOR L D,
HEFTTHSE 00, TR

(Daa) = TlB/OTB Do (@) (8802‘1>2dt. (6)

XoF T Wl P IR A A3 A, A e A
P 9-10.28.52.50-61] EAKF AN

2
y=cew(-L3 1) Y

Hoh, foo DB, AfAETE, [, ¢ AR
HSEL, y WS B D 2B B A SO s By
HAKZS B f, = 500 Hz, Af = 300 Hz, fH)37E
J& 1002000 Hz, fE{ESE 10 pT.

Xof T W0 P O A A AR A, SR AL 1 £
(@) WAL G35 Ry o BORALRE fa RS R RN 24 B2 A Ak
ARG SR O B3R FATRL 2 — Bl 2
FEARAUIY R AR, RS R o, = 0°, b =
30°,0 <@ < 45°, Hiho  HIEHLREM, Sph
W TE. BEZHRE AR LR AR AL R AR (R 25 B Ak
BEIUAN R ST 20 A (B =B SHn 3R 1 iR,

K1 BB AR LR SR
Table 1. Parameters of the varying latitudinal wave nor-

mal angle model.
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Fig. 1. (a) The values of the density at different L and a” values; (b) the values of o” at different L, the blue line indicates inside

the plasmapause and the yellow line indicates outside the plasmapause.
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L =2 wave normal angle model 1: Constant
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Fig. 2. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with constant wave normal angle model at L = 2,

where (a;)-(d;) corresponds to the diffusion coefficients under different " conditions, respectively.
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Fig. 3. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with constant wave normal angle model at L = 3,

where (a,)—(d;) corresponds to the diffusion coefficients under different a* conditions, respectively.
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L = 4 wave normal angle model 1: Constant
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Fig. 4. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with constant wave normal angle model at L = 4,

where (a;)—(d;) corresponds to the diffusion coefficients under different " conditions, respectively.

L =5 wave normal angle model 1: Constant
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Fig. 5. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with constant wave normal angle model at L = 5,

where (a,)—(d;) corresponds to the diffusion coefficients under different a* conditions, respectively.
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L =2 wave normal angle model 2: Latitudinally varying
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Bl 6 L= 2 W BEA AL A% AR i 7 o i P SR B R (Do) o (ag)—(dy) 23 BRI o S5 O R4
Fig. 6. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with latitudinally varying wave normal angle model

at L = 2, where (a;)—(d;) corresponds to the diffusion coefficients under different o conditions, respectively.

L = 3 wave normal angle model 2: Latitudinally varying
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Fig. 7. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with latitudinally varying wave normal angle model

at L = 3, where (a;)—(d;) corresponds to the diffusion coefficients under different o conditions, respectively.

229401-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 22 (2022) 229401

L =4 wave normal angle model 2: Latitudinally varying
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Fig. 8. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with latitudinally varying wave normal angle model

at L = 4, where (a;)—(d;) corresponds to the diffusion coefficients under different o conditions, respectively.

L =5 wave normal angle model 2: Latitudinally varying
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Fig. 9. Bounce averaged diffusion coefficients (D,,) of hiss waves for electrons with latitudinally varying wave normal angle model

at L = 5, where (a;)—(d;) corresponds to the diffusion coefficients under different o conditions, respectively.
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Fig. 10. (a;)—(a3) The diffusion coefficients of hiss waves calculated at L = 3.25, L = 4.35, L = 5.55 when a” = 3; (b;)—(bs) the hiss
wave diffusion coefficients calculated by linear interpolation from the database; (c;)—(c3) the relative error analysis.
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Abstract

Plasmaspheric hiss is an important wave mode in the Earth’s radiation belts. Hiss waves can scatter
energetic electrons into loss cones to precipitate into the atmosphere, and therefore become an important source
of fluctuations, leading the radiation belt to lose electrons . As a function of electron energy and pitch angle, the
diffusion coefficient of hiss waves for radiation belt electrons is significantly influenced by the solar wind and
geomagnetic activity, and also strongly depends on the spatial position, the background magnetic field, and the
plasma density distribution. In order to quickly obtain the diffusion coefficients of hiss waves on electrons in the
radiation belt for modelling the global dynamics of the radiation belt, we systematically calculate the diffusion
coefficients of hiss waves on electrons in the radiation belt by using the full diffusion code (FDC), and build a
four-dimensional matrix database of diffusion coefficients for the spatial region L = 1.5-6, the cold plasma
parameter o = 3-30, electron energy 1 keV-10 MeV, and electron throw angle 0°-90°. According to the
database, we can quickly obtain diffusion coefficients with different L and o values through linear interpolations.
By comparing the errors between diffusion coefficients calculated by the FDC code and those linearly
interpolated from the diffusion coefficient database, the accuracies of interpolated coefficients are validated,
showing that most of the errors lie in 10%. The four-dimensional database of hiss wave pitch angle diffusion
coefficients for radiation belt electrons and the validated linear interpolation method established in this paper
can significantly reduce the time required to obtain global information about hiss wave diffusion coefficients,
thereby rapidly improving the computational efficiency of carrying out simulations of spatial and temporal
changes in the radiation belts over long periods of time, which in turn is expected to provide favourable

conditions for the development of dynamic forecasting models of the Earth's radiation belts.

Keywords: radiation belt electrons, plasmaspheric hiss, diffusion coefficients, linear interpolation, wave-

particle interactions
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