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ABSTRACT: The APY/AE9/SPM radiation environment model is systematically studied. The development history, modeling
data, model capability, application methods, model characteristics, model limitations and development trend of APY/AES/SPM
radiation environment model are mainly introduced. The characteristics, data coverage time range and energy range of the 11
released versions in the AP9/AE9/SPM radiation environment model “spiral” development pathway are summarized. During the
development process, it is pointed out that the AP9/AE9Q/SPM radiation environment model is constantly integrated with the lat-
est data and theoretical knowledge to achieve the purpose of extending the model energy coverage and increasing the spatial
particle distribution. The newly released AP9/AE9/SPM radiation environment model can be used in both command-line appli-
cations and graphical user interface applications, covering the complete radiation belt, basically covering the energy range of
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electrons and protons. However, the latest version of AP9/AEY/SPM still has some limitations, which will be gradually im-

proved with the accumulation of radiation belt detection data and the further cognition of the mechanism of radiation belts. The

research in this paper can help users quickly understand and correctly use the AP9/AE9/SPM model, and provide an important

reference for the research and development of the independent radiation belt model in China.
KEY WORDS: AP9/AE9/SPM radiation environment model; development process; model capability; method of application;

model characteristics, model limitations; Development trend.
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Tab.1 Released versions and characteristics of AP9/AE9/SPM
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V1.00.002 2012-09-05 B — M IE AR 17 S EUR AR
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V1.03.001 2012-09-26 #3A g ot N/A

FERIEIE
V1.04.001 2013-03-20 B PR T B R B IE N/A
V1.04.002 2013-06-20 LA TR TR N/A
V1.05.001 2013-09-06 & 1F SHIELDOSE-2 N/A

0 A TecSa-4/CEASE U Stk
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16 1E 38 4 L T B85 14 58 SURE bR
V1.20.003 2015-04-20 T AT DR A9 SRS A IR IE N/A
V1.20.004 2015-10-14 B IE 55 5 AR R T H IS iR N/A
V1.30.001 2016-02-09 & 1E APY/AES SRRk IT B IIRE N/A
V1.35.001 2017-01-23 B AT B S N/A
Allen Probes/RPS+REPT i 1% #it

it API Allen Probes/MagEIS Hi, 1%
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Tab.2 Satellite, satellite orbit, time range and energy range of data used for AP9/AE9/SPM

BT A AR 2% HaE i SomH ey, M) Fis ] ¥ ] FE 12 11 [ 5] ARA
CRRES/PROTEL 350 kmx33 000 km, 18° 1990—1991  2.0~-80 MeV V1.00
S3-3/Telescope 236 kmx8 048 km, 97.5° 1976—1979 0.1~ 2.0 MeV V1.00
HEO-F1/Dosimeter 500 kmx39 000 km, 63° 1994—2011  10~400 MeV V1.00
HEO-F3/Dosimeter 500 kmx39 000 km, 63° 1997—2011  10~400 MeV V1.00
| CO/Dosimeter 1 000 circular, 45° 2001—2009  10~400 MeV V1.00
TSX5/CEASE 410 kmx1 710 km, 69° 2001—2006  10~400 MeV V1.00
Py POLAR/IPS 5100 kmx51 000 km, 86° 1996—2008 0.1~1.0 MeV V1.00
POLAR/HISTp 5100 kmx51 000 km, 86° 1996—2008 6.0~15.0 MeV V1.00
TacSat-4/CEASE 700 kmx12 050 km, 63° 2011—2013 1-80 MeV V1.20
Van Allen Probe A/RPS/REPT 800 kmx30 600 km, 10° 2012—2016 20~2000 MeV V1.50
Van Allen Probe B/RPS/REPT 800 kmx30 600 km, 10° 2012—2016 20~2000 MeV V1.50
Azure/EI-88 380 kmx2 140 km, 103° 1969—1970 1.5~104 MeV V1.50
TWINS 2/HILET 1 000 kmx39 500 km, 63° 2008—2016 5~30 MeV V1.50
CRRES/MEA/HEEF 350 kmx33 000 km, 18° 1990—1991 0.1~7.0 MeV V1.00
SCATHA/SC3 28 000 kmx43 000 km, 7.8° 1979—1991 0.25~4.5 MeV V1.00
HEO-F1/Dos/Tel 500 kmx39 000 km, 63° 1994—2011 1.5~10.0 MeV V1.00
HEO-F3/Dos/Tel 500 kmx39 000 km, 63° 1997—2011 0.5~-5.0 MeV V1.00
|CO/Dosimeter 1 000 circular, 45° 2001—2009 1.0~7.0 MeV V1.00
TSX5/CEASE 410x1 710 km, 69° 2001—2006 0.07~3.0 MeV V1.00
SAMPEX/PET 550%x675 km, 82° 1992—2004 2.0~3.5 MeV V1.00
POLAR/HISTe 5100 kmx51 000 km, 86° 1996—2008 1.0~6.0 MeV V1.00
e GPS/BDDII ns18 20 200 km circular, 55° 1990—1994 0.25~1.0 MeV V1.00
GPS/BDDII ns24 20 200 km circular, 55° 1991—2000 0.25~1.0 MeV V1.00
GPS/BDDII ns28 20 200 km circular, 55° 1992—1996 0.25~1.0 MeV V1.00
GPS/BDDII ns33 20 200 km circular, 55° 1996—2004 0.25~1.0 MeV V1.00
LANL-GEO/SOPA 1989-046 36 000 km circular, 0° 1989—2008 0.05~1.5 MeV V1.00
LANL-GEO/SOPA 1990-095 36 000 km circular, 0° 1990—2005 0.05~1.5 MeV V1.00
LANL-GEO/SOPA LANL-97A 36 000 km circular, 0° 1997—2008 0.05~1.5 MeV V1.00
LANL-GEO/SOPA LANL-02A 36 000 km circular, 0° 2002—2008 0.05~1.5 MeV V1.00
Van Allen Probe A/MagEIS 800 kmx30 600 km circular, 10°  2012—2016 0.04~0.9 MeV V1.50
Van Allen Probe B/MagEIS 800 kmx30 600 km circular, 10°  2012—2016 0.04~0.9 MeV V1.50
POLAR/CAMMICE/MICS 5 100 kmx51 000 km, 86° 1997—1999 1.2~1.64 keV V1.00
POLAR/HYDRA 5100 kmx51 000 km, 86° 1997—1999  1.0~40.0 keV V1.00
LANL-GEO/MPA 1990-095 36 000 km circular, 0° 1990—2005 1.0~63.0 keV V1.00
LANL-GEO/MPA 1991-080 36 000 km circular, 0° 1991—2004 1.0~63.0 keV V1.00
LANL-GEO/MPA 1994-084 36 000 km circular, 0° 1994—2008 1.0~63.0 keV V1.00
BT LANL-GEO/MPA LANL-97A 36 000 km circular, 0° 1997—2008 1.0~63.0 keV V1.00
THEMIS A/ESA 440 kmx92 000 km, 16° 2007—2013 1~60 keV V1.20
THEMIS B/ESA 440 kmx92 000 km, 16° 2007—2010 1~60 keV V1.20
THEMIS C/ESA 440 kmx92 000 km, 16° 2007—2010 1~60 keV V1.20
THEMIS D/ESA 440 kmx92 000 km, 16° 2007—2013 1~60 keV V1.20
THEMIS E/ESA 440 kmx92 000 km, 16° 2007—2013 1~60 keV V1.20
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Tab.3 Species and spatial/energy ranges covered by the AE9/AP9/SPM models

(i) AR B fE T Y [ 23 [|) 3 Fl
AE9 e 40 keV~10 MeV 0.98R.<L’<12.4R,
AP9 H* 100 keV-2 GeV (V1.20) 0.98R.<L’<12.4R,
SPM e H*, He', O* 1~40 keV (e); 1.15~164 keV (H*, He*, O") 2R.<L<10R,

R HIBRAEAT

TERE B A VEH b, RS T o MR T AR
Rl e, BRI RIR R,

2 HEBEERTIE

APY/AEY/SPM HAIERAE 2 Fft R 3 (4 { FH 7 =X
34y 447 CmdLineAEQAPY Fl K IE FH P 4 1
( Graphical User Interface , GUI ) I ] & ¥
AE9APIGUI, T4 1T HFE)F CmdLineAESAPY M
FH P A8 S 8 Jia A S v 285 R S BORN 03 o7 FER
0, JFARE R Al — A S, Heb
TR, #EE. MESTELSR. GUl NHERF
AE9APIGUI ¥ CmdLineAE9QAP9 i I ¥ 42t T —
ARG, P AT DL (8 Bl A7 03 B AR AR
BRI SR e, RYE S A A SR, A
AT CmdLineAE9AP i LT , BAILE SR UL — 4k K]

BRI T R

Lo 215551 Mcllwain L {512%; L*2 Roederer L {524,

2.1 1REGA
BT ARFHA

CmdLineAESAPY fif A SCHF1 & 1l AFEZ 45 41
NPT 54N,

1) FEARMRA . BRELOSE, s T
MERENREASHE. £ 4 MENH T CmdLine
AE9API B B JEAK A .

2) ERAAL A . T A A% SR A
) AT e 15

3) BBURNLCEHA . 5 22k b 45 R ] 1t
BEHE

4) FEITEmA . HTIRs) SHIELDOSE-2 #
RUTHR n] BE TR

5) PR BRI A . T AR 2 R RT

BEBE

2.1.1

&4 AP9/AEY/SPM s &1TH AEF B AR BN
Tab.4 Basic model input for AP9/AE9Q/SPM command line applications
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MagFieldDB <path>/igrfDB.h5 WA ¥ Tl A AL I B e S
KPhiNNetDB <path>/fastPhi_net.mat WA I KIPhi A il 5 0 45 14 5000 122 S A
KHminNNetDB <path>/fast_hmin_net.mat WA o K/Hmin Aebr 2 2% iR P scr
Az RS TR A 1 S A B R 1 i AR
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P P ’ TS, I FL A SO g T
25 PR TR RS A i s R2R S S8
OrbitFile valid path and file name of ephemeris file il Jo A0 R[] R0 B B A A T S
FluxType 1PtDiff 2PtDiff Integral WhIB ¥ T 3 2 A
AE9: 0.04~10.0 MeV
AP9: 0.1~2 000.0 MeV - R
LIiE B4 BRI RESRS 2, 1 MeV
Energies [Plasma models valid for 2<L,,<10] WA Jc AESHIMGREEINR, LLMev %

Plasma/el ectrons: 0.001~0.040 MeV
Plasma/ions: 0.001 15~0.164 3 MeV
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Tab.4 Basic model input for AP9/AE9Q/SPM command line applications

SRR F A HUE B/ BRIME ik
AE9: 0.04~10.0 MeV
AP9: 0.1~2 000.0 MeV XA FluxType” =“2PtDiff" I 1]
Energies2 [Plasma models valid for 2<Ln,<10] ey & HTE LRER I R £, “Energies”
Plasma/el ectrons: 0.001~0.040 MeV SEBE B HE R A
Plasmal/ions: 0.001 15~0.164 3 MeV
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CDoseOut False e False A/ H ) SR AR s

APO/AEY/SPM [ T s Za iy ABLRIZEAY | fjii K 4%
ST UK SRS (R KON T SO L kLT B R A AR AR
W ASELAN 0] AR T TR I B A S
IR A SR BRNC WA S, FlHHE R
ASHMPIEHER LS. tin, APY/AEY/SPM
£ 1% T APS/AES. CRRESPRO/ELE Fl SHIELDOSE-2
Y, SRR DL AR SRR P I, A IR R
ZETE APS/AE8 i . CRRESPRO/ELE #& = fll
SHIELDOSE-2 &7 rs M4 m S5, HARSE i
FH AT 45 ] AEQ/APO/SPM 5 5 R 55 4 8 £ i T
212 BEEAPEONAEFBA

AE9APOGuI L FHFE)F i | CmdLineAE9AP9
I AR e AT A 28 5 A7 4R AL T — A T B D
L™ P e B R AR e A, BT AR RO
PATHAT R S50 B B E 1 T A SO, BT
LSS DL e RS T R .

GUI #4185 70k 3HREZE DL, 43 il bRic e LA
CREALT R 2R, G S AR R E A T o g R
IR DR 2T EE X fR PR fE
CRLAL” PR TURERE . FCE MPAT; RS R
2 E” FREETTRIR

1) DRI, i TR RS T & P HA%
HM WERRHGAMER A, REPE SR B[R] 4
DA B, BB B T R SUREAE B[] RN B (] 254
T TR BUGE PR AR T B S A B AR AR %) 15 () RN 3
A=

2) MERIARZE DU 3 A A U AR 2 D15 AR 1 2
TR . BT, BRI, TR TheE, 2
Al BRUZ R |l i SR S P
S8, HTIFEAED E R R DT RN E AR
%

3) LRI, 2 EIARSS TUR XA A 1R 25
AT RS BR o

21.3 =EHH

API/AEY/SPM 15 AU Agy A4« Xof iy i A 25
A7 R -3E a . BRI SRR AR S R e R R
M B 45 % . T APYAEISPM 4 i T
SHIELDOSE-2 F2£5 , [A it mT LAt F 4wt ohs -3 1,
AR ATA XS, SIS Al )RR . B
FRERIN A8 260 | A B LTI AR 2% B A A2 S
BRIEAE B TR i AR B A R AR S R
FAE B A KR

3 HEER

APO/AES/SPM A5 76U AN W7 b5 5 BT 1) ORI 50 41
PG AR AT, TR VI B T LU FH AR R
5 0 BRI S 1 & S AT 55 ) R AR
3T M keV 3| GeV REE WA TR E TRk, ©
AL T BE MBS AT, I R B B ACE AT
i o 5 LER R ST AR L, APO/AES/SPM
A L G A IR T E T D N

1) PR TR . AR AR R A8 v e —
AN P 35 e BE T A/E S RE L T, AP9/AE9/SPM R
YRR T S TR,

2) I Y A PR 43 A R4 RN E B 1Y
TR LA AR L B — (i 1) 7 3K R B S IR
A, APIYAEYISPM HI4Gtit2% 7 ik 2 [Pk 17 A
FTHE 25 AN E B

3) BN T A S R B S ) AR R A . DA
B TR AN RE 28 7 B 515 A B ) 34k, sl {N RE SRl 45
JUA B EEIRAS . APIIAEIISPM 3L F4i it )7 44
THR SR B (B A A, FER RS R T £
AT~ 5 S 4550 XoF 7 ) R i st ) RS

4) BN RIEEHEAHH  DAERA —fig
LW P2 4% 1 ( Application Programming Interface,
APl) JERRBES Y, BOR T HoAs— a2 1Y g A g



- 154 - £ T A

2022 45 A

J1, HHERA —EMERE . APIYAEISPM LLN FHFE
J B PR S i T AR A P Y AR R s AT AR v S
e EIE AR, A i AR g e i, P R IR 4
I, IR, APY/AE9/SPM L{EE T API Rz
T TR PP (R4 J R J 28 P () R P R 752K o
BIEG T E &4 APIYAEISPM HINGELIAN, 5K
TR Y SHIELDOSE-2127 | 4 5 3F 5% 51 784
AP8/AE8. CRRESPRO. CRRESELE Fl145 B 1 {441 %1
CAMMICE/MICS?,

4 REIFRE

Hll, APIY/AE9I/SPM fiz i WiAs V1.50 /38R 77 7E
— SRR, XLEEJRR FEE ML 2 RN
Ao Hi— RS RRE R 25 [ADRIAS (7] 0 PRl A% S 4
P B BAN, APIIAEIISPM £E K T 4 E
(ARSI RL T X B AR AL X ELAT & [ R SR BR A
APY/AEQ/SPM [ Jmy BRItk T B4 35129

1) ANRERGA R BATE sh A A8 fk, F¢5JE LEO $hik
Ak

2 )LEO [X 1k <20 MeV J5ii il im iU A A E i ok,
X TR SRR A A RO A DA R B T
B 1 A

3) LEO [X sk -3 H W i B A A8 Fb Aof FEE A7 AR 55
KA EE

4) PR BT PTA e i T AR S R ER . VT
SACTREF MR I 25 SR W, PN S N AN AR FE> L5
MeV Yo X5 ad 25 g5 AP IS, B Al
AN A DR BT A — RS SR I R A A S S

5)H A APO i 5. 1) P 4 S o -3l K P ad
T PRI 5 AV AR TR AT BE B AL B, A R R AR
fiff DR X — [71]

6) TERFE M IXIRATLRE T, AP WiIA— 484l
B 2 AN E B LS | X TR R A
I R 1 1 B 2 A DX sl 4 30 A TP, AR
X 2 T LE R AL BN I X — PR TR Bl 25
BB R RSB AT B ok

7) SPM iR 224 Ho S PR 0 AN E T AR, R
& O 7, OF He"BIAI U A 1 MNEds St
A 38 2 00 2 AN () K i B 2 T A R — SO 1 2 AN
8) SPM A& b 5 ARk, R AR AR H 2 fit
PRI — 1] 1

9) BRUARFEXT AR F (WK ) #E4T
T, RRRRASKE 23 A DR — [m] L

10 ) R H bR g S % A (International
Geomagnetic Reference Field, IGRF) fifiiR T Hui#3%,
% IGRF [ & 2R MRS, 2020 4F 1 A 1 HLLF W)
ot A AR N RE B I, J5 22 BT A T RS

& A

3

PR L 2% B H R RE T -

11) IGRF % 5 4558 1 A KL, o 5fdE
B HRBGATHR, IPE LR Z I RRE R
2R 1%, TEKIX 1% 1% 25 5 | A BR8]
Brh, AR 5%~15%0 1 T AR 2% . YR A
B HARAS A IGRF RBCR RIS, X F—37 5
TSR SR E,

12) BpfEfE (i FH 2 R BRAAE L T, SRS i
IR R RY IR N I 7 3N S TR U At TR A |
KRN B FEATAT 55 1 I8 B R ok B TSt e

13) HAif 32 fii Windows - 58 A 3 A A1 71
M AP AR () 2 &R 1T, K& F R Intel X4 HT
JRAS F 78 B i % 4% 11 ( Message Passing Interface,
MPI) FEXZF 6 SR AN

5 KRBT

AE9Y/API/SPM & It R EE BRI FE AT & i, &
TS SR R G i, TR asfrid
T P AT BB 32 T 35 R B IR 2 (R 4 S R B 5 Ol o A5
B 1~2 AT LR, AR HTEE | B AR e 1Y)
. HAET V1.5 JRAS 1 i B et 7e T30 T8
BORUR , MR 4R TR Y s () 7 S5 YU L. 7E V.5
WA KA TG, TF & /INK 4k 2k 7] AE9IAPI/SPM A7
TN IRE ., EARTE, V1.6 RUASKE 34 I E 19 76 3
B TDREEHE; V2.0 ROKE L B AL AL iR R a5,
INAH TR V2.5 RRER T3 IH A AL, b
2:{fi i} DSX HI Arase TV & R 1Y 5 B s 2024

biti5 AE9/API/SPM H:H AW & J , [ b A 1R
Mok Y], AE9/APY/SPM M V1.5 WA T 46 ] [
IEHLEE 53R 5% (International Radiation Environment
Near Earth, IRENE ) iy 44 7kid ¥ o 76 P I,
AE9/APY/SPM Fl IRENE i 44 B — M, 7E >
Jri, BERLK {7 AR O |RENERS3Y,

6 4%iE

RS IR AR APO/AEY/SPM 22— B T
RGBT | AT 5 B0 RN HAth A= A B0 3 17 FH A9 30 M
A AR S IR AL, ol I T8 SR AR R Gk 1T, F
oL R A2 A7 2 A v ] BB A2 19 37 2 i 3R 2 Tl
AN, 5 UAERRIM L, APYAEI/SPM A Ky
B4 BB B LI s A BRS FR A T  A, YR TR
R B TR, BN T 25 PR T2 A M TS5 SR AN
FEPE IR, (EAS AT i R R AR, SR T
AT IR AR P 3 R AR 2 Al
Ko FTH API/AE/SPM 4 5 P15 15 754 i 78 15 52 FE 1Y)
AT s A, FEARSZEL T B RUR T RE R B &
% A H AT RAS 1Y API/AEYISPM ATy SR FE7E — 4k



¥ 19% 5

K, 4. APYQ/AES/SPM g 5 B4 55 45 I i 5% - 155 -

JRRR, L AnASRERT IR K PHTE sh A A8k, LEO <20
MeV i3l 2 AN E PR K5 . E A B E R T
LSRR R R | A [A) R ASE [ Y0 BT F R S S e
A E R R, A R B AR B APYY
AE9/SPM 4 MNREL TR H B [ B R B

Wi 5 26 S 4 0 4 1 B R R N 2k A S A L
PR — LA AT, API/AE9/SPM #5570 i AN Wt & Jé 4
SR L T A 5T B AL TEORG 4 (0% 6 S N S R
AR, A SCH APO/AES/ISPM 4 5 FRBE A5 76 1) % Ji Ty
TR EEEE | BRRE Sy | AR O ik | B AR AT
JRIBRPE LA B K SRR AT T ARG, AT EF B P E
i fdi F APO/AEQ/SPM 4 ST A5 iy SR E [ £ 56
SPIREEA B K P it S %

S & CHK:
(11  kBEA. SRS THEE TRIM]. dbat: P ETFHL TR
#t, 2013.

SHEN Zi-cai. Space Radiation Environment Engineering
[M]. Beijing: China Astronautical Press, 2013.

[2] SAWYER D M, VETTE J 1. AP8 Trapped Proton Envi-
ronment for Solar Maximum and Solar Minimum[R].
NASA STl/recon Technical Report N, NSSDC/WDC-A-
R& S 76-06, 1976.

[3] HUSTON S L. Space Environments and Effects: Trapped
Proton Model[R]. NASA STI/Recon Technical Report
N2, 2002.

[4] MEFFERT J D, GUSSENHOVEN M S. CRRESPRO
Documentation[R]. Hanscom AFB, MA: Phillips Lab,
1994

[5] BRAUTIGAM D H, BELL JT. CRRESELE Documenta-
tion[R]. Hanscom AFB, MA: Phillips Lab, 1995.

[6] GINET GP, OBRIEN T P. AE-9/AP-9 Trapped Radiation
and Plasma Models Requirements Specification[R]. Air
Force Research Laboratory & The Aerospace Corpora-
tion, 2009.

[77 JORDAN C E. NASA Radiation Belt Models AP-8 and
AE-8[R]. Radex Inc Bedford MA, GL-TR-89-0267, 1989.

[8] DALY E J, LEMAIRE J, HEYNDERICKX D, et al.
Problems with Models of the Radiation Beltg[J]. IEEE
Transactions on Nuclear Science, 1996, 43(2):403-415.

[9] OBRIEN T P. A Framework for Next-Generation Radia-
tion Belt Model§[J]. Space Weather, 2005, 3(7): 1-11.

[10] BRAUTIGAM D H, RAY K P, GINET G P, et a. Speci-
fication of the Radiation Belt Slot Region: Comparison of
the NASA AE8 Model with TSX5/CEASE Data[J]. |IEEE
Transactions on Nuclear Science, 2004, 51(6): 3375-3380.

[11] JOHNSTON W R, O'BRIEN T Paul, GINET G, et d.
AE9/AP9Y/SPM Radiation Environment Model: User's
Guide, Version 1.50.001[R]. Lexington, MA: Atmos-

(12]

(13]

(14]

(19]

(16]

[17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[29]

pheric and Environmental Research Inc, 2017.
Anonymous. AE9/AP9/SPM: VersiongEB/OL]. [2021-
04-23]. https://www.vdl.afrl.af.mil/programs/ae9ap9/ver-
sions-public.php

UG MR S RHE AL RN B R S AR
F[D]. dtat: HhEREEBER Y, 2018.

Chang Zheng. Research of Earth Radiation Belts Model’s
Framework and Development of MORE[D]. Beijing:
University of Chinese Academy of Sciences, 2018.
GINET G P OBRIEN T P, HUSTON S'L, et a. AE9,
AP9 and SPM: New Models for Specifying the Trapped
Energetic Particle and Space Plasma Environment[J].
Space Science Reviews, 2013, 179(1/2/3/4): 579-615.
O'BRIEN, PAUL, JOHNSTON, WILLIAM Robert, et al.
The AE9/AP9/SPM Next Generation Radiation Specifica-
tion Models-Progress Report[C]//41st COSPAR Scientific
Assembly. Turkey: [s. n.], 2016.

HUSTON S, GINET G OBRIEN T P, et a. AE/AP-9
Radiation Specification Model: An Update[C]//Procee-
dings of the GOMACTech-08 Conference. 2009: 17-18.
Anonymous. AE9/AP9/SPM: Data sets{EB/OL]. [2021-
04-23]. https://www.vdl.afrl.af.mil/programs/ae9ap9/data-
sets.php.

JOHNSTON W R, OBRIEN T P, GINET G P, et a.
AE9/AP9Y/SPM: New Models for Radiation Belt and
Space Plasma Specification [C]//Sensors and Systems for
Space Applications VII. [sl.]: SPIE, 2014.

Anonymous. AE9/AP9/SPM: Energy and Spatial Cover-
age[EB/OL]. [2021-04-23]. https.//iwww.vdl.afrl.af.mil/
programs/aeQap9/energy.php

MCILWAIN C E. Coordinates for Mapping the Distribu-
tion of Magneticaly Trapped Particles]J). Journal of
Geophysical Research, 1961, 66(11): 3681-3691.

LI W, HUDSON M K. Earth's van Allen Radiation Belts:
From Discovery to the van Allen Probes Erg[J]. Journal of
Geophysical Research: Space Physics, 2019, 124(11):
8319-8351.

O'BRIEN T P, JOHNSTON W R, HUSTON SL, et a.
Changes in AE9/AP9-IRENE Version 1.5[J. IEEE
Transactions on Nuclear Science, 2018, 65(1): 462-466.
JOHNSTON W R, OBRIEN T P, HUSTON S L, et a.
Recent Updates to the AE9/AP9/SPM Radiation Belt and
Space Plasma Specification Model[J]. IEEE Transactions
on Nuclear Science, 2015, 62(6): 2760-2766.

O'BRIEN T B, KWAN B P. Incorporating Radiation Ef-
fects into AE9/APO[J]. IEEE Transactions on Nuclear
Science, 2018, 65(1): 457-461.

KWAN B P, O'BRIEN T P. Using Static Percentiles of
AE9/AP9 to Approximate Dynamic Monte Carlo Runs for
Radiation Analysis of Spiral Transfer Orbitg[J]. |IEEE



- 156 -

g K E TR

2022 45 A

(26]

[27]

(28]

[29]

Transactions on Nuclear Science, 2015, 62(3): 1357-1361.
WHELAN P. AE9/AP9/SPM Mode Application Pro-
gramming Interface, Version 1.00.000[R]. Lexington,
MA: Atmospheric and Environmental Research Inc, 2014.
SELTZER S M. Updated Calculations for Routine Space-
Shielding Radiation Dose Estimates: SHIELDOSE-2[R].
NIST Publication, 1994.

ROEDER JL, CHEN M W, FENNELL JF, et a. Empiri-
cal Models of the Low-Energy Plasma in the Inner Mag-
netosphere[J]. Space Weather, 2005, 3(12): S12B06.

Wm. Robert Johnston, T. Paul O'Brien, Gregory Ginet, et
al. IRENE: AE9/AP9/SPM Radiation Environment Model

(30]

(31]

Known Issues and Limitations, Version 1.50.001[R].
Lexington, MA: Atmospheric and Environmental Re-
search Inc, 2017.
JOHNSTON W, OBrien B HUSTON S, et 4.
AE9/AP9-IRENE Version 1.5: Updated Space Radiation
Climatology Model[C]//42nd COSPAR Scientific Assem-
bly. [s. I.]: PRBEM, 2018.
JOHNSTON W, O'Brien P, HUSTON S, et al. Planned
upgrades to the AE9/AP9-IRENE Space Radiation Cli-
matology Model[C]//42nd COSPAR Scientific Assembly.
[s.1.]: PRBEM, 2018.

AT X



