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Abstract FY-3E satellite is one of the Fengyun-3 polar orbit meteorological satellite series and also

the first morning dusk orbit meteorological satellite in China. The satellite orbits at an altitude of about
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830 kilometers with an inclination angle of 98.75°. The high-energy particle detector mounted on the
satellite is used to monitor the charged particle radiation environment, which can provide 0.15 MeV to
5.7 MeV high-energy electron and 3 MeV to 300 MeV proton flux data in three directions of the satellite
body (—z skyward direction, — flight reverse direction, and +y vertical orbital plane direction). The da-
ta of high-energy protons and electrons monitored by the detector from July 2021 to May 2024 are ana-
lyzed, and the spatial distribution and long-term evolution results are obtained in the three directions as
follows. The lower the energy, the larger the distribution range, and the more complex the structure, es-
pecially for energy electrons, which exhibit multiple stripes at both high latitudes of north and south.
Among the three directions, the flux intensity of electrons in the +y direction is the highest, and the —z
direction is the smallest. The difference of protons in the three directions is relatively small. The +y di-
rection electrons are most significantly affected by environmental disturbances. The extremely strong ge-
omagnetic storm in May 2024 significantly affects the spatial distribution and flux intensity of both elec-
trons and protons. The data results indicate that the high-energy particle detector can respond sensitive-
ly to the dynamics of high-energy particles in space. The measured data can not only support the assess-
ment of orbital environment, serve for the design of spacecraft radiation protection and the secure lay-
out of satellite equipment, but also can help to further understand the dynamic physics process of

charged particles in radiation belts during disturbances, especially under the influence of extreme events.

Key words FY-3E satellite, High energy proton, High energy electron, Earth radiation belt
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Table 2 Logic working mode of high-energy proton sensors
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Table 3 Logic working mode of electronic probes
e gt W TR
El 0.15~0.35 MeV Alg.1a - Alo.ss - A20.2 - A3p.2
E2 0.35~0.65 MeV Alo.65 - A2 - A2 56 - AB0.2
E3 0.65~1.20 MeV A1 A20.56 - A21.14 - AB0.o
B4 1.2~2.0 MeV Alyo - (A2 +A3), ,, - (A2 +A3), 4,
E5 2.0~5.7 MeV Al1s- (A2+A3), o, (A2 1 A3),
WAL EEREDL, A2RFEEERIED2+D3, AS{REIERAEDA+ D5+ DG,
1.0 TR — BT A R 254 . DB R ok R, = AT mTE
0.9} f Clecton channel 2 P VG T S DX ) F, W {1 3 i B 1 2 T e b
osl = Electron channel 4 Zha, —ANJT 1 Ry T T ALY A R P T
o1} ~x J7 1A Rl =2 J5 ], —2 7 [vi) 308 e 58 DU AE XS e 555 .
2 ol 0.65~1.2 MeV HL7~ L B AR BL AR 57 5 X o0 A 4544 Al
g 4 AR T 2R JL 25 60° BT A M G5, = AT
[ FFASULE 4y 77 1) B R L A5 4, A LA A
g Jr T AT L IR B A A4 1TR) 8 e
. SRR (Dst 4 HC/IME 65 nT), W T4
o2 GRS 43 A 5 H R S FE 2 5, B TAE = AT T
o S R BT FLB R, o 0.65~1.2 MeV 1
% 500 1000 1500 FAE—2 Iy b B I T B R A S5 A 0 A, 1K RE

Incident energy / keV

PG HL TR 8 4 fin s A At R
Fig. 6  Calibration results of the response efficiency

of electron channels

SEEEFESEKNE
Bl 7~9 20 5 25 1T MR ST i/ b S5 2 K M
T % = 2 b e sh 1A DRV R R ) (—o), WK
] (—2) AP (+y) =451 0.15~0.35 MeV Al
0.65~1.2 MeV LTl ft 2ERAM . K] 7 FTR Hu i
# A [B] (Dst 48 %% i /NH F —21 nT), $LiE %5 (6]
0.15~0.35 MeV HL 48 5 43l 12 22 I8 S5 46 F 255 45
Fa 5340 T B R PUPE AR S0 X (2B ~100°—60°. £6
JE: -60°—0°) Fpgdbimsh. =07 P I B a5
A7 45 KA A B 8 22 5. E +y ) L TR A R
LA EEH, AU B RS U2 X, kA 30°RHL Y
2k, T 35 46 -60°— 60°71 [l LA Ak . BEL 4 30°—
60° 11 2%ty , AR w5 A2 VTl Mk 60°BHT Y
. o J7 M LT AT RN BRI A TR A6 ER 30°/
VTSR S, T —2 5 Tl L AR S AE R AL 26 60°

2.1.1

T HLAFTE 2 J7 ) A A A2 B S g ma) . 141 9 S Kb
f 2 R A W] (Dst 38 8UR/MEIRF]-412 nT) iR
MAEIE R B E R IE L. RN TLRTER
Aok 18 38 ) o — G, 2T 20 AR DK R AR
Hcok— LA, L9 s R SR A
S B FL 0 455 o A, 2 R e B g KV R
X, = AT 1) 1Y L 0 A A AR AR 4R 0.15~
0.35 MeV i, 4% 18 58 B ORI K, 45 2 A i
— LY RARYE, FERS YRR T SR X, AT R RV
TS DX [71) 2R i ) DXl 6 S o 32 o R
H58. 0.65~1.2 MeV TR 5 0.15~0.35 MeV
HL AL AR Ak, T ELAE —2 5 Il e 25 Xl t B T 2%
Gigagii

L s ) 43 A Y A8 A 2 b R R S B
AR, DIESE L (58T N LAHBIR A2 R By
HLER U IE RS, LRSS | AR, R
JH IGRF e AIAS5) 2V, 245 1 1k =k
BB o 7 1) H 3 R i BR A S A0 B AR (W
&1 10). AS[R] H G 215 ) 2] FL 75 5 Sy 1 58 B R



EAZ 5 FY-3E ZE St S 4R

Latitude / (°) Latitude / (°)

Latitude / (°)

—x direction

0.15~0.35 MeV % 0.65~1.20 MeV

50 603 ’ 7 == 5.0

45 30, . ; = M45

40 ¢! = " el | [ 140

35 30 ——__, P []3.5

3.0 760 3.0

90 : : . : : 2.5 90 = 2.5
~180 120 60 0 60 120 180 Z180 -120 60 0 60 120 180

0.15~0.35 MeV *y direction 0.65~1.20 MeV

2 e 5.0

4.5

4.0

3.5

: . 3.0

_23!’ ‘ 2.5 —9g 25
7180 120 60 0 60 120 180 Z180 120 60 0 60 120 180

0.15~0.35 MeV ~z direction 0.65~1.20 MeV

' 5.0

45

4.0

35

3.0

90 - . : . s 5 - 25
~180 120 60 0 60 120 180 Z180 -120 60 0 60 120 180

Longitude / (°) Longitude / (°)

IgF/(cm s st IgF /(cm s st

IgF/(cm2s st

1347

Kl 7 FY-3E A2 2024 4F 2 A 1 HERIM A HpE-EE30010] (Dst /MEN-21 nT) =451 = BEHL T8 8t 2R 1R

Fig. 7 Global distribution of high-energy electron radiation in three directions during

Latitude / (°)

Latitude / (°)

Latitude / (°)

quiet period (minimum value of Dst is —21 nT)

—x direction

0.15~0.35 MeV % 0.65~1.20 MeV
’ S T ok 50
-180 -120 -60 0 60 120 180 .. -180 -120 -60 0 60 120 180
0.15~0.35 MeV * direction % 0.65~1.20 MeV
5 5.0 60 =28= >
45 30
40 0
3.5 30!
3.0 —60
. . . 2.5 -90 s R
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120 180

0.15~0.35 MeV ~z direction 0.65~1.20 MeV

' 40
30 \ W : 3.5
-60 fi — 3.0
-90 . . . . i . . 2.5

~180 -120 60 0 60 120 180 “180 -120 60 0 60 120 180
Longitude / (°) Longitude / (°)

Fig. 8

K8 iR (Dst fe/MEN-65 n'T) =05 1] i R F4m S 2Bk 431

Global distribution of high-energy electron radiation in three directions during moderate

geomagnetic storm (minimum value of Dst is —65 nT)

IgF/(cm2stsrt)

IgF/(cm s tsr!)

IgF/(cm2stsrh)



1348

Latitude / (°)

Latitude / (°)

Latitude / (°)

0.15~0.35 MeV —x direction

Chin. J. Space Sci.

= A AR

90 — 90
60 § 50 608 5.0 7’:
30 45 30 45 Ti"
0 40 o 40 2
30 3.5 30, 35 §
60 { A 3.0 —60 30 =
~90 - , - A - 25 _go == ‘ . - . 25 =
~180 -120 60 0 60 120 180 ~180 -120 60 0 60 120 180
0.15~0.35 MeV *y direction 0.65~1.20 MeV
: 50 T
45 7
40 &
35 E
. 7 3.0 E
-90 2.5 —90 2.5 &0
~180 -120 60 0 60 120 180 ~180 -120 60 0 60 120 180
0.15~0.35 MeV ~z direction 0.65~1.20 MeV
N 50 O
: - 45 2
W S \ \ D=
w0
A "ﬂ'«‘o’o’fﬁ‘o\l‘u»mm 0"- 3.5 g
1Y o N
30
25

-90 5
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60

Fig. 9

Electron flux / (cm2-s '-sr'")

Kl 10
Fig. 10

Longitude / (°)

Longitude / (°)

120 180

Ko SREERIIE] (Dst f/MEN-412 0T) =475 [l 5 REFL T4 5T Bk

2025, 45(5)

Global distribution of high-energy electron radiation in three directions during a strong
geomagnetic storm (minimum value of Dst is —412 nT)

g7, 015-0.35 Mev (a) o7, 0:65~1.20 Mev (b)
106 1 to 15 Feb. 2024 Dstmin =21 nT 106 1 to 15 Feb. 2024 Dstmin =-21nT
10° 7. 10°
104 104
103 103
102 102

0 1 2 3 4 5 6 7 8
107 107
106 12 to 22 Oct. 2021 Dstmin =—65nT 106 12 to 22 Oct. 2021 Dstmin =—65nT
10° ~ R 10°
104 10*
103 103
102 102

0
107 107
106 Dstmin ==412nT 106 13 to 20 May 2024~ Dstmin =—412nT
10° 10°
10* 104
10° 10°
102 102

0 1 2 3 4 5 6 7 8

L-shell L-shell

ANIRIFRBEIEITBE 0.15~0.35 MeV (a) 1 0.65~1.2 MeV (b) 5 AE L 718 148 B4 B 281k

Variation of 0.15~0.35 MeV (a) and 0.65~1.2 MeV (b) electron flux in radiation belt during

different disturbance periods



IAE ¥ FY-3E L2 ST 2 % 2

BrE A, 1B 5 SR GRS 1 el 1R X
TRAEN N R XL, AFRHLE], A7 B2 PRt
S AR T R A DG T ARG SR L
B AR R R AR BRI Y s R T
St D) T GRS R I (LR A I8 G 7 U A )
FHE AR INss e ST Gk B 0B
TE L srAa (WA 11) 7 M b & 7 5 0.15~0.35
MeV LT “FaiiR” S50 e L < 2 i IX I, 7EH
TV FUZ 454 AT RESR B IR CHE NWC 5 il & 5
BLISZ IR, LR 5 AR 5 5 BB 085 A B ARG 2
L < 2 [ D35k 30 3o Y b7 AH B AR XA keV HLF 1Y
AR AR M g R DR B RE R R4 A
SNEEIERETIEASTI R R E L~ 1.1 MNEEZ IS,
XL E o AR R T S EARAR (ULF) B9 AH T
FIE AR P
2.1.2 BERTEHESIKSH

Kl 12~14 53 45 1 1 oK BA BT 7 . KPR BT
T HAIFERE/ M2 (Dst #6850/ R-33 nT), PAIK
FH BT = F £ B K b 1% % (Dst48 3 /N A
412 nT) i E], TR W HL = 1 3~5 MeV Fl
10~26 MeV i FHaghm s ko, K 12 i LA
Hh, FETC R PR BT S5 S ) 00 o a2k A R
KUFERRE S H X =D I mh, +y Fl-a 72 )
JOT - S5 5 e B DX BB B KT 2 g, Herh
3~5 MeV Ji T 485 7E +y Fll -z J7 1) 22 BB X 5k 43
A Tl 13 SRy e Bl /N i 2 K PR -3 4 2 A 9T T ) 5
REIT T2k oA, 7RI R K BH /&5 R8T F pE AL A X
A, A H0E 748 S 7Er b 60° LA 26 B2l i
b I S B I = i Y e 5 I RE WA i 1w S N
HEAH Y. &1 14 S Bl KR 2 K BH B 3 A= 1)
R RE BT Ak oA, ORI AR B S RE BT 1A
N T AL, RS TR 2 3 S A K BH BT
TR . R, 2k AR R B -y 2 Ty ) i
AR AE P K VG 7 S5 X R i 0 1% 3 o B A
L, A5 AN T 1] 9 5 S BT A A X
3, WA D] B

3R 3 AV B4y 77 1 38 % Mk
SR EARE LI 15 IR, FE4S M A58 - i 5 G
KFART ], R RPEVE S 31X 3~5 MeV
RETR X W ER R ST L 2490 4 YERILAY, B4
PR L < 2 F1 L2920k 3 BYIXEE. 10~26 MeV T &g

1349

0.15~0.35 MeV
1 to 15 Feb. 2024

107
10°
10°
10*
10°
10

Dstmin ==21nT

Electron flux /
(cm s sty

107
10%4
10%4
10
10°
102

12 to 22 Oct. 2021 Dstmin =65 nT

Electron flux /
(cm s sty

107

12 to 22 Oct. 2021 Dstmin =—65 nT

10°
10°
10*
10°
10?

Electron flux /
(cm s sty

L-shell
B 11 ARSI 0.156~0.35 MeV B fEH 718
ARG AR (RS > 0°RIBUESAS)
Fig. 11  Variation of 0.15~0.35 MeV electron flux in
radiation belt during different disturbance periods

(obtained data with latitude > 0°)

W A NE LA 3, W HAE L < 21
DR 2% 2 R MR ) K BH 85 BB T 1 1ol N T AR PR JBE,
/NG AR AR B RE R TIEAE L > 4 R R ST
Al DX, B o % 3 T K PH s BE o - AR L <
3 SR A AR Sl DR, S 25 e B S AR Al e g
PRI oA, T8 L = 2~ 3 XAk ot B
TWEA. — i, E LA 2 AT B T H
WAL 47l 30 A Do, Hov 3~5 MeV 1 i BB 1~ R
RS L 200 3 W {EAL B N R . K
3 RIS T~ T REXS B AR IR BGE B 1T —E M, (ETE
BRI BF 53 JRE 38 /N T4 0 o1 A W 58
BB AR BT AN Ok A K IR B, waTRER A
HA AL, 1] a0 85 S b P RE R S R 0 K
JiF B AR T s, ELARMITE (ULF 352) KR+ A9tk
AR L, 98 A IR S T el ied (EMIC) J
WIS RS 55— 7T, R AR L I YR,



1350

Latitude / (°) Latitude / (°)

Latitude / (°)

Fig. 12

Latitude / (°) Latitude / (°)

Latitude / (°)

Fig. 13

Chin. J. Space Sci. = AAF IR

—x direction

3~5MeV 10~26 MeV
901 : - : |
40 4=
3.5 30
30 0!
25 30
e 2,0:28\. — e
~180 -120 60 0 60 120 180 ~180 -120 =60 0 60 120
+y direction 10~26 MeV
90 1 90 : : : .
60 = 40 60z
30 35 30
0! 3.0 0!
:gg\., e s 2.0 :90\. —— —— —
=180 -120 =60 0 60 120 180 ~180 -120 =60 0 60 120

3~5MeV ~z direction 10~26 MeV

00 S 50
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120
Longitude / (°) Longitude / (°)

B 12 JCRBHB SR =5 ) i e 1Bk A

Global distribution of high-energy protons in three directions during none solar proton events

-x direction

3~5MeV 10~26 MeV

60 EEA SRR e — i .
30! o T A .
OF  ylTREIRA o Nmel .

-30 F_ RN SRS N

-60 i ~1 N

s

R VP e S

C P R e, e e,

-
3
X7

-90 : = B e e et e
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120
+y direction

3~5 MeV
90 - - - - - ==
30: W a7 : : 35 30!
0 TR "lx; ¢ Gém\; 3.0
208 MBI Lo s B0k, ,
—60 R W 5 S i 0 60 K o X
- 0 0 e s e i
9—980 -120 -60 0 60 120 180 -180 -120 -60 0 60 120 180
3~5MeV —z direction
90 . . , - .
60 B2 Sl — =m0
i 3.5
3.0
2.5
- 5 = s N 20 = P > . -
-90 -90
-180 -120 -60 0 60 120 180 -180 -120 -60 0 60 120

Longitude / (°) Longitude / (°)

4.0
3.5
3.0
2.5
2.0

4.0
3.5
3.0
2.5
2.0

4.0
3.5
3.0
25
2.0

K13 RFHB ARG R (Dst 15805/ NR-33 n'T) =AJ71a) i e T2 BR A

Global distribution of high-energy protons in three directions accompanied by small geomagnetic

storm (minimum value of Dst is =33 nT) during solar proton events

IgF/ (cm s sr!) IgF/(ecm s st

IgF/(ecm s srt)

IgF /(cm s s

IgF/(cm s tsr!)

IgF/(cm2-s"-sr")

2025, 45(5)



EIAZ F: FY-3E Z 2 SatkT4Rm Bl 25 R

Fig. 14

—x direction

Latitude / (°)

180
+y direction

Latitude / (°)

Latitude / (°)

00 e =
-180 -120 -60 0 60
Longitude / (°)

90 —

60 = oSN oY w40 o
‘ 35 7
30 o
25 5
= 20 =
: : : : ' 2

“180 -120 60 0 60 120 180

10~26 MeV

T;—t
£
s
&
2

IgF/(cm s tsrh)

-90 s L L
-180 -120 -60 0 60

Longitude / (°)

Bl 14 RFHB SRR GRS (Dst 165UR/INA-412 nT) =AJ7 [0 R 2Bk i

Global distribution of high-energy protons in three directions accompanied by strong geomagnetic
storm (minimum value of Dst is 412 nT) during solar proton events
g 35 MeV @ s 1026 Mev (b)
1to 11 Aug. 2021 None SPE 1to 11 Aug. 2021 None SPE
10 10
103 103
102 o i AL 102
T:\ 0 1 2 3 4 5 6 7 8 0 4 5 6 7 8
210 10°
'» 28to0 31 Oct. 2021 SPE, Dstmin =—33 nT 28 to 31 Oct. 2021  SPE, Dst min =-33 nT
= 10¢ 10*
2 )
oM
=
=
E 102 102
] 0o 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
=0 10°
10 to 15 May 2024 SPE, Dstmin =412 nT 10 to 15 May 2024 SPE, Dstmin =—412 nT
10* : 10*
103 103 *
10? 102
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
L-shell L-shell
K15 REASESLSIATEE 3~5 MeV (a) Fl 10~26 MeV (b) i el 4 505 7 B AR L
Fig. 15  Variation of 3~5 MeV (a) and 10~26 MeV (b) proton flux in radiation belt during

different disturbance periods

1351



1352

SN EL T B IR G, X— B T R R
T AR PSR RTINS B 1 M3 350 ) 2 il e 4 3
B .
2.2 SEENTFEEKIRFEL

XTI B A 4 H A A R T A 2021 4F
7 HEMZS AL TAE IR 2 2024 4F 5 H LEFEHLT
4 AEAN[R] 1) 28 383 1) 1= B R R G R T T R AN O
16 ki fg e T H SAPUE i i g R, 21,
0 R0 o il 28 43 B TR AR 2, +y, 2 7]
0.15~ 0.35 MeV, 0.35~ 0.65 McV, 1.2~ 2.0 MeV,
2.0~5.7 MeV [T, LU R RE G 3 Dst $5%%.
K7 H R0 AR, R IR 4
5 3% B\ M RGP S5 | Zh A A8 AL bR B¢, 38 f e
EARIE BRI 2, 2.0~5.7 MeV W RER A HL 718
RS ] R TR E . 7 2024 4F 5 H SR ML R 5
i)~ 25 RE 1 L350 HH BT AR 8 o ] b 35 ) 7 4 5
2.0~5.7 MeV W RER FiE W T RIEH I, T
BRI B U 37 B4 588 725 A L S ) s .

AT by 5 L B KO R, A
AL RIZL, 2 77 T BRSO ERAR, shA 2k

—x —ty — =z

Chin. J. Space Sci. =AFFFIR 2025, 45(5)

FEXS 28, = ANJ7 1) H BRUE EBUE S R &l 17 fir
7N, BERT ] AL, 0.15~0.35 MeV HL T4y J5 [f] 18 &
S EE AN T~ 7 10 A BOC R TE 1.2~6 1%, AXF T
25 A R TE 6~ 80 f%. 0.35~0.65 MeV HL
Ty J7 1) 3 5 A T 2y I A BOC R AE
L2~ 4 4%, X F -2 07 m A5 506 R AE 2.5~ 15 £%.
1.2~2.0 MeV HL 4y J5 7] 38 1 58 JE A T —2 J5 )
MRS EE R AE 1.3~ 2.7 £%, AHXTF 2 J7 A5 506 &
TE 1.6~5 f%. 2.0~5.7 MeV HLF+y J7 [n] i 50 A
T a5 M R EOE R AE 0.8~ 1.6 5, X T 205
MAEEOOCRTE 1.2~2.3 5. =) ) HL F3l A
S S W i T R B 2 BRI MG T Bl
M) S 1 KT -y 5 I ARGS T 2 T 30 i i 22 S 1Y)
HU1H.

Pl 18 S UiE =S [H] = e 1 H AR S i vk,
A 43 50X B = AN J7 W 5~ 10 MeV, 10~
26 MeV, 26~40 MeV, 100~300 MeV )& ¥, LA K
3 Dst $8%0. 78 5~10 MeV K bR T % 4 K
JE TSR e . B R e, TR R 4 4R
(i), K BF ST =42 el AR 903 2 [y e o e S P

(a)

10]()

10°

109 10.15~0.35 MeV ' ' ' '
108_
107_ o

10]()

10910.35~0.65 MeV

10%+
107_
100

(®)

12~2.0MeV

Electron flux / (cm 2-sr '-d ")

10% 1 ;
107+ 1

(x10%

12.0~57Mev

)

ORGP A

W

[\S R NN

Dst/nT

(e)
O et = P e Py o v : ' ]
~200 :
4007 ]

10 Jul. 2021 10 Jan. 2022 10 Jul. 2022

Kl 16
Fig. 16

10 Jan. 2023

10 Jul. 2023 10 Jan. 2024

Date

FY-3E TR HUEZS [l e T~ H R0 721

Variations of daily cumulative flux of high-energy electrons in FY-3E satellite orbit



I A 5. FY-3E T E ST 8 B 4

ER

1353

g 015~035 MeV ....................... 28 0 15~0 35MeV ..................... .
4 40
2 20
0 0
20
2 0.35~0.65 MeV = 15 0.35-0.65 MeV
£ 3 g 19 M\UMJ\M’WMM
E 5memwwwwwwwmw~w 5 Sk
= 4112-2.0 MeV N 41 12-20 Mev
= 2WWVWWWMMM :E\ 2
<] g}
O +—
g Shosavey T ;3 2.0~5.7 MeV
é 2 o ‘ é 2 W\,J
g o 5 0
3 3 = 3
B 3.0-57MeV 5. 3.0~5.7MeV
0 0
9Jul. 9Jan. 9Jul. 9Jan. 9Jul. 9 Jan. 9Jul. 9Jan. 9Jul. 9Jan. 9Jul. 9Jan.
2021 2022 2022 2023 2023 2024 2021 2022 2022 2023 2023 2024
Date Date
B 17 FY-3E DEPEES R =TI mmee 7 H S50 & R P ARk

Fig. 17  Variations of daily cumulative flux ratio of high-energy electrons in three directions of FY-3E satellite orbit

108 —-—x —+y —z + Solar proton event (a)
5~10 MeV
107_
e —— = ; k ;
106 I W T T T M ol 1 LICE i
(b)
o 10~26 MeV
° 107y |
i e e i @Azi
‘E 106_
Q
g (x10% ()
x 3.0 :
2 20 26~40 MeV
ERRY) e MMMM@%&%WM@M%
o
£ 0.59
30 109 (d)
2.0 100~300 MeV
1.0 S i “r Ay M
0.5
‘ ‘ ‘ . (e)
SIS i i et 1ol A 't e
= ] "
= -2001 ]
S -400] ]
10 Jul. 2021 10 Jan. 2022 10 Jul. 2022 10 Jan. 2023 10 Jul. 2023 10 Jan. 2024
Date
K18 FY-3E TLAEBUHZS AR T~ H R B0 S F A2 1L
Fig. 18 Variations of daily cumulative flux of high-energy protons in FY-3E satellite orbit

M EENR, BT FI L SR EE =
ANJ7 1] RE BT H R ARUE B R N . R AERY R
BH T =5 14 = 2R i 5 26 MeV LA T 3K AE &5 1

H%*/\@i /f /EI\

SERETE AT H R A A

75 1)t B — S KA. 2024 4F 5 H Sl 2%
{O) 22T E 31 G EiR Gl NEEID I B S G D MER= L BT V1Y



1354 Chin. J. Space Sci. FRAFFI/R 2025, 45(5)
3 3~5 MeV 15 3~5 MeV
3 10
1 b o] ?) - — ”
ERIRESTIVAY ERNESTIVRY
5 3 k3]
-g 1 M’WWWMWWM ,g 5
s} S ’ M !
= N
L5 15
= 10~26 MeV = 10~26 MeV
L 3 L 3
=} =} vs!
= et S e e o e o L o P I ¥
s 1 g 1 T
5 s 5 3
=) 26~40 MeV = 26~40 MeV
g 3 = 2
g 1 - M2
a A 0
3 3
5 40~100 MeV 5 40~100 MeV
1 1
0 0
9Jul. 9Jan.  9Jul. 9Jan. 9Jul. 9 lJan. 9Jul. 9 Jan. 9Jul. 9Jan. 9Jul. 9lJan.
2021 2022 2022 2023 2023 2024 2021 2022 2022 2023 2023 2024
Date Date
K19 FY-3E TLEBUEZS A =ANJ7 16 mie 5 H R0 R
Fig. 19  Variations of daily cumulative flux ratio of high-energy protons in three directions of FY-3E satellite orbit

TR ISR — s, 7EBLIA ], 2E+y i), 2 7
] 5~10 MeV Jii ¥ H R BUE & K5, FEit
e @ KT, T 26~40 MeV Fl 100~ 300 MeV
T H BB ) B EIME N 4 AR RS
() B =A™y 11 308 2 54 ARG HOAE G R AR R RAE
2024 4 5 A s 45 =5 ) S AR T H RS
WEILEGH T B EER, WE 19K, +y 5w
3~5 MeV, 5~10 MeV, 10~26 MeV j# 15 J& 45 %
Fa 7. 27 1 B HAESE K, 4y 5 1] 38 it B A
K, 2 7 1)3E R B /N, PS5 ] BB T 1 A4
. +yJ71 26~40 MeV Fl 40~100 MeV Jii 118
SR AT T -2 7] —2 J7 ) AR BN R
i Egs R s, 78 T REAKR Ay, o, 2 =AW
D7 Ry 1] 1R A L R P AR K, 2 T
Al L TR S5 /. MR TR, = AN ) R
TR A 25 AR RO, e AR A7
S ML S RZ 0, HuRE TS Bh 2% +y 7 a1 19 HL T
S RN, KT TR AR 2 -2 O
] (4 A, JCHSE A XS —2 J7 1) Y OB S RE I T2l
AN T2 A7 B R BH I A4 (s ), K BH T -4
X = AN ) 04 5T A A e A R, (A = Ay )
T I, EOR 2 W SR B =N ) H 4 S
FLfB. =7 I e B 9 3 i i 25 57 5 A PR
B (BDRL 3z 3h J5 0] 55 Mg 37 05 el (1) I S ) 43
fifg 5%, mE 20 = A7 s 8 A R,

—x (flight reverse) direction (a)

< 150 ©
3 P
o —
=} 100 "&b
£ g
= 50 B
2
0
> 150 ©
B P
o -—
2 100 &
£ g
- 50
2
0
90 -z (skyward) direction (c)
60
N 150 £
5 OV ,
T op 100 e}
=30 - s
~ 50 5
-60 z
,90 0

-180 -120 -60 0 60 120

Longitude/(°)
FY-3E TR = A5 Wbk $c 5 1 o0 A1
Distribution of particle pitch angles in three
directions of FY-3E satellite

+y 5 ] $E R B () R R T AR S IR R b
70°~100°. TERLFHEF 0 B R RVGHESTHIX, —2 F

&l 20
Fig. 20



EAZ 5 FY-3E ZE St S 4R

1355

FY-3 electron

6.0
5.5
5.0
"W 45
= M L ¢ v 40
= e
5 SeesTa0Mew 2y
65~1. e
TATCR0 M50 010085 00 ke anp 0 8uh s iy s péwy Il ELIIS
2 - 25
en
4
5 1.5
09 Jul. 10 Dec. 14 May 16 Oct. 19 Mar. 21 Aug. 23 Jan. 26 Jun. [ 1-0
2021 2021 2022 2022 2023 2023 2024 2024 0.5
Date
FY-3 proton
8 |
b ‘
h,
S
3 4.5
61510 Me
4 4.0
2
8 35
o[0=26 Mev o
= 4 30 7
ER i
i 25
S {520 eV g
4 ~
2 2.0 K
=D
8 1.5
6040—~100 MeV]
3 1.0
8100300 Mev 0.5
4
2
09 Jul. 10 Dec. 14 May 16 Oct. 19 Mar. 21 Aug. 23 Jan. 26 Jun.
2021 2021 2022 2022 2023 2023 2024 2024
Date
K21 BB ERE T R RERT T A R T AR
Fig. 21  Evolution of high energy electron and proton flux in radiation belt

—2 7 PR TP ARG IR, 78 2R M RVUVE R
B X KR X3k 2 J7 1) B A AF 90°~120°, —2 5[]
PR A WIHE 0°~50°. 76 m b s 26— B3 A 3 16 78
70°~100°, —z J5 [m] BCH6 A1 30 422 30 0°FN 180 I .
MH A F A~ 308 i A AR A 1 —JBERR AT, T R
T K 3 BRAE 70°~100°, TN AE BB A4 T
0° T 180°BH 377 38 # FAAEE ™, 1M 1t =7 [ v 4y 77 1)
LT ) fcim . b RGPS fR], /INEEH A 1) FRL T
ARG E W IR DI, S BURS T ik Sy 138
SR T KB A R U R B AE R Rl
%, SR 406 94 1 SR Y AT S 8=
AT ) S (AR R A 25 SR R X R 25 R IR
X TR ) AT R S B A i 2R G

3 4

FY-3E WLIIZ5 5 Sz e, B0 2 8] sy By R 25
V] 43 4 S AR i RV S X g b = 46, r R
VPRS- H XA A AR e, T e b s 26 S B s sh A8
k. BE S BRAK 7t FRE 245 [R] 43 A7 i B AR fb ok, 43
A ZERE AR AR S . M RGP B 23 X IE i g L 215
FEA R, SEE I LT Psh 3 B R L
R EL A, BAR RE b R A L AR A A 2, SR
P A HL -l SR BE 1Y 1 G . 2024 4F 5 R M
il B NN K b 5 i 3 g AL 26 AR 454, 3 b4
HL 30 o K B i, B F 5 B R KPR TR R X
ol A5 S DX X3 R A



1356

T 4 AR HURL TR B SRR R P 25 R R,
Bl m e TS A S AL B, mRE iR AT
WM R E. DRE+y, o 2 =D, +y
I 185 308 1) R R LT L R BT AR AR B K, 2 Ty )
AHXT B 55 . X g R UL, LT RB BT, =AM
] 4% 5F 5 25 K, 0.15~ 0.35 MeV L T il
Wy AT i 2R A 1 AR X
FRETR P T, 4y 7 A 2 7 1) A 2SR
i 3%, 10 MeV AL =ANJy [l (1) 5 R 53 4 5 7K
AHEZIE. 2024 4F 5 ABGRBER IR T =47 4R 2
5, 0.15~0.35 MeV =R F+y J7 AT —2 J7 10 48
SRR 25 TR 2 80 4%, 10 MeV LUTR By i R ot -4 it
W TR T — AR 25

FY-3E T AHRMAE 2R HE 2021 48 7 A 7EHL
DI Z A RE T 5 BE L 38 s 5, X S
HH RE A% R AU e TR T 2 TR) AT R T 4 S
SREE . AP ALE L A3 7 I AR RENE ) AT LA BB IR
VEAL . UR AR B e A2 ke & A Jm e it
KERM IR EIE . X T FY-3E DA S, LRz
Frad P S b Bk Sty AR ) DI, et mT AR SR T
AR ST Sh AR SE, 21 43500 2021 4E 7 A &
2024 4F 5 A SR T = RE Tl AR AR S R TR
{7 BB P A R, 2 A5 R R 5 AR 28 TR
UL 45 SRR L 0 8 S o7 o P A (A e 2
[, 2024 4F 5 H 5l il 0t i BRAR S =1 Re s rRokL
- R R A G R AR I S R, Ry T R A
FAEHTIETARE TOR S .

o R EAR R FY-3E TR S RER T
o5 A HEL 3 K

%2 3k

[1] BAKER D N, ERICKSON P J, FENNELL J F, et al
Space weather effects in the earth’s radiation belts[J].
Space Science Reviews, 2018, 214(1): 17

[2] DMITRIEV A V. On the radiation belt location during the
23rd and 24th solar cycles[J]. Annales Geophysicae, 2019,
37(4): 719-732

(3] HEYNDERICKX D. Radiation belt modelling in the

framework of space weather effects and forecasting[J].

I

W

Journal of Atmospheric and Solar-Terrestrial Physics,
2002, 64(16): 1687-1700
[4] ZHANG P, HU X Q, LU Q F, et al. FY-3E: the first oper-

ational meteorological satellite mission in an early morn-

(10]

(1]

(12]

(13]

(14]

(15]

(16]

Chin. J. Space Sci. =AFFFIR 2025, 45(5)
ing orbit[J].
39(1): 1-8
SHEN G H, ZHANG X X, WANG J H, et al. Develop-
ment and calibration of a three-directional high-energy
particle detector for FY-3E satellite[J]. Aerospace, 2023,
10(2): 173

HOU D H, ZHANG X X, WANG J H, et al. Calibration of
the FY-3E particle sensors: high-energy particle detector
(HEPD)[J]. 2023, 18(7):
P07050

VLASOVA N A, KALEGAEV V V, NAZARKOV I S. Dy-
namics of relativistic electron fluxes of the outer radiation

different

Advances in  Atmospheric Sciences, 2022,

Journal of Instrumentation,

belt during geomagnetic disturbances of
intensity[J]. Geomagnetism and Aeronomy, 2021, 61(3):
331-340

PIERRARD V, BOTEK E, RIPOLL J F, et al. Electron
dropout events and flux enhancements associated with geo-
magnetic observed by PROBA-V/Energetic
Particle Telescope from 2013 to 2019[J]. Journal of Geo-

2020, 125(12):

storms

physical — Research:  Space  Physics,
€2020JA028487

CHEN HW T, KALEGAEV V V, PANASYUK M I, et al.
Long-term dropout of relativistic electrons in the outer ra-
diation belt during two sequential geomagnetic storms[J].
Journal of Geophysical Research: Space Physics, 2020,
125(10): €2020JA028098

ZHENG Y H, LUL A TY, LI X L, et al. Characteristics of
2-6 MeV electrons in the slot region and inner radiation
belt[J]. Journal of Geophysical Research: Space Physics,
2006, 111(A10): A10204

WANG Chungin, ZHANG Xianguo, SHEN Guohong, et al.
Dynamic results of electron flux in radiation belt from 2011
to 2015 based on FY-3B satellite observation[J]. Chinese
Journal of Geophysics, 2021, 64(6): 1831-1841 (L& ZE, ik
W, PR, 45 2011-2015 F4R ST L F3h 745 FY-3B 112
THMEEAR [J]. HERYHEFR, 2021, 64(6): 1831-1841)
WANG C Q, CHANG Z, ZHANG X X, et al. Proton belt
variations traced back to Fengyun-1C satellite observa-
tions[J]. Earth and Planetary Physics, 2020, 4(6): 611-618
LOOPER M D, BLAKE J B, MEWALDT R A. Response
of the inner radiation belt to the violent Sun-Earth connec-
tion events of October-November 2003[J]. Geophysical Re-
search Letters, 2005, 32(3): L03S06

LORENTZEN K R, MAZUR J E, LOOPER M D, et al
Multisatellite observations of MeV ion injections during
storms[J]. Journal of Geophysical Research: Space Physics,
2002, 107(A9): 1231

YUAN C J, ZONG Q G. Dynamic variations of the outer
radiation belt during magnetic storms for 1.5-6.0 MeV elec-
trons[J]. Science China Technological Sciences, 2011, 54(2):
431-440

GOYAL R, ZHAO H, CALIF S, et al. Role of subauroral

polarization streams in deep injections of energetic elec-


https://doi.org/10.1007/s11214-017-0452-7
https://doi.org/10.5194/angeo-37-719-2019
https://doi.org/10.1016/S1364-6826(02)00119-0
https://doi.org/10.1016/S1364-6826(02)00119-0
https://doi.org/10.1016/S1364-6826(02)00119-0
https://doi.org/10.1007/s00376-021-1304-7
https://doi.org/10.3390/aerospace10020173
https://doi.org/10.1088/1748-0221/18/07/P07050
https://doi.org/10.1134/S0016793221030178
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028487
https://doi.org/10.1029/2020JA028098
https://doi.org/10.1029/2020JA028098
https://doi.org/10.1029/2020JA028098
https://doi.org/10.1029/2020JA028098
https://doi.org/10.1029/2006JA011748
https://doi.org/10.1029/2006JA011748
https://doi.org/10.1029/2006JA011748
https://doi.org/10.1029/2006JA011748
https://doi.org/10.6038/cjg2021O0341
https://doi.org/10.6038/cjg2021O0341
https://doi.org/10.6038/cjg2021O0341
https://doi.org/10.26464/epp2020069
https://doi.org/10.1029/2004GL021502
https://doi.org/10.1029/2004GL021502
https://doi.org/10.1029/2004GL021502
https://doi.org/10.1007/s11431-010-4269-9

FAZ ¥ FY-3E LESfeETHRM B RN LR

(17]

(18]

(19]

[20]

21]

trons into the inner magnetosphere[J]. Geophysical Re-
search Letters, 2024, 51(11): €2024GL108863

SUMMERS D, THORNE R M, XIAO F L. Relativistic
theory of wave-particle resonant diffusion with application
to electron acceleration in the magnetosphere(J]. Journal of
Geophysical 1998, 103(A9):
20487-20500

HORNE R B, THORNE R M. PotenTial waves for relativ-

istic electron scattering and stochastic acceleration during

Research:  Space Physics,

magnetic storms[J]. Geophysical Research Letters, 1998,
25(15): 3011-3014

NI B B, HUA M, GU X D, et al. Artificial modification of
Earth’s radiation belts by ground-based Very-Low-Fre-
quency (VLF) transmitters|J]. Science China Earth Sci-
ences, 2022, 65(3): 391-413

SAUVAUD J A, WALT M, DELCOURT D, et al. Inner
radiation belt particle acceleration and energy structuring
by drift resonance with ULF waves during geomagnetic
storms[J]. Journal of Geophysical Research: Space Physics,
2013, 118(4): 1723-1736

LI X L, BARKER A B, BAKER D N, et al. Modeling the
deep penetration of outer belt electrons during the ‘Hal-

loween” magnetic storm in 2003[J]. Space Weather, 2009,

22]

23]

(24]

1357

7(2): S02004

SELESNICK R S, HUDSON M K, KRESS B T. Injection
and loss of inner radiation belt protons during solar proton
evenTs and magnetic storms[J]. Journal of Geophysical Re-
search: Space Physics, 2010, 115(A8): A08211

LI W, HUDSON M K. Earth’s Van Allen radiation belts:
from discovery to the Van Allen Probes eralJ]. Journal of
Geophysical Research: Space Physics, 2019, 124(11): 8319-
8351

SMIRNOV A, SHPRITS Y, ALLISON H, et al. Storm-time
evolution of the equatorial electron pitch angle distribu-
tions in earth’s outer radiation belt[J]. FronTiers in Astro-
nomy and Space Sciences, 2022, 9: 836811

EZ BN

FEZE L, 1978 4, BUATPEE
2B E R A Rk DB 5, EEAE
S 3 s 1R) AT B A T S Sk AR R 4
Wrisss TAE.

E-mail: weq@nssc.ac.cn


https://doi.org/10.1029/2024GL108863
https://doi.org/10.1029/2024GL108863
https://doi.org/10.1029/2024GL108863
https://doi.org/10.1029/98JA01740
https://doi.org/10.1029/98JA01740
https://doi.org/10.1029/98JA01740
https://doi.org/10.1029/98JA01740
https://doi.org/10.1029/98JA01740
https://doi.org/10.1029/98GL01002
https://doi.org/10.1007/s11430-021-9850-7
https://doi.org/10.1007/s11430-021-9850-7
https://doi.org/10.1007/s11430-021-9850-7
https://doi.org/10.1002/jgra.50125
https://doi.org/10.1002/jgra.50125
https://doi.org/10.1002/jgra.50125
https://doi.org/10.1002/jgra.50125
https://doi.org/10.1029/2008SW000418
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2010JA015247
https://doi.org/10.1029/2018JA025940
https://doi.org/10.1029/2018JA025940
https://doi.org/10.1029/2018JA025940
https://doi.org/10.1029/2018JA025940
https://doi.org/10.1029/2018JA025940
https://doi.org/10.3389/fspas.2022.836811
https://doi.org/10.3389/fspas.2022.836811
https://doi.org/10.3389/fspas.2022.836811
mailto:wcq@nssc.ac.cn

	0 引言
	1 仪器及数据
	2 观测结果
	2.1 高能粒子辐射轨道全球分布
	2.1.1 高能电子辐射全球分布
	2.1.2 高能质子辐射全球分布

	2.2 高能粒子通量长期时序演化

	3 结论
	参考文献

