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1) Ho-sung Choi, et al., Analysis of GEO spacecraft anomalies: Space weather relationships, Space Weather, Vol. 9, S06001
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Btk d 5, JFIBER-STHBBEE T, TOLIRERTZ LTIESLRND
FELEZEINTWRNY,) XA — ROEFOT RN —SMREITT XL X —IT
L 5 FHI<B0%TH 525, (B L7200 8 A > THRBME (range) 2 2114
HHETIE, BRI DIFEZ RNV —FREN L <725, 35MeV O
HPETI2xE LT =R VX — 3R I3K 23% T 5238, 100MeV D HPEF- 2% L
T 4% DIBE TR CE B [4], AFHFHETIT “ o FL—25" OFTHT
ICAEHE S, FREFE NG S v, KT M6 OBGELA 0 % £ - 72 BfR X
En=Ep/cos /210 En 3RO ND, ET-HETFTORMEDRITE T HLra v
Ralb—varyTROLATED, ZRALF—ITEIETH20%TH D,

BT XY U RNVDEFE A XDO L)V EEBRTRkOLNTEY, £k
TN RSB DT— 2 B> THET = v 7 N TFbIlTnd, b0 F—
X5 I TS E OREELE AR B D, B FHEEEICINZ 5 EE I
Eoar == ANLEFEARETH D, NI T—FEFIXEEYBOK
EFHEBEDL A 7 — RIE5 OB E I3 ERE TR &N D2, @ i
BIZEoTT—4 205 L CW5, XA/ — R~DIF5? deposit energy
35MeV LLEDOK:, U T—3bdZ L2725, 2D energy threshold (L5123
4 JELL E(>12mm)i@EiE LT, Bk G mnFEE EXBTE L2z x X —L LTk
v RENTW5D, T2 MHTORK=FRLVE—138 120MeV T F L
— X DR LB THFICER I, & PETHILLIEGAICRHIEL TnD, 5
FOZRXNLX—NENU EEL< s e, TEO anti SgEHO > F L —Z 121
TREET SO T anti HEEME X . T REERL T &R S BRI LD,
T b O = 1L X —HiPH L En=35-120MeV & 72 %,

FHAT—T 2 3K 90 3 THIERZ — 89 %, 2D 5 B 1/3 28 B2, 9 2/3
WA TH S, HREROKHFITIIREFEFITZETERon, #fARR MU T
—HEREIX, JRE BEZETC Bl Sy, LRSS T~20 /ISRETH D, F-
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7 AV B B (SAA) B2 CI3MEE IIMmumic ER3 5, @i+ afuEicdh X a0
#1600 /531272 5o 1> T SAA BZETRE 7 V7 DA LT D FEBRETOT
— HRNTITIE D D Z L2725, F7- SAA B2 A @i LR AR T 5 HME T
THRNLF—DENEDONREL EEN TV 5, 7Rl EZ21T background H:+ D4
FERG << HFEFICKRGPEF OB B2 AERRKEICH D, LD
background ® flux 3~20 /531 Z%F LT HmEBIEE /) 2 L TR0 62
KL tET, FHAT—Y a COWE EFEROERIZLVIESNTZHE
T 2B L. background FHET-ZHEER LTV 5, Bl 72 AT 45 W & AT R I
B TRENDD, K 10%5DA Xy MI2EDBTREENTWD, DT
DAL 72 HIWNT B CHEMT 5, KEEHFMHHIEIE 30 B D M #EH IR &
L0F &2 KGHMHETFOESET L, ZoFmAlsERELFMMH+T 250 T
background 23~1/16 (ZIA T %, > TFHAT — 3 D3RIk 2wl L 72K
WS U7z 7-loxkt LT 1~2 BIIFRE background FME1-73 & F 4125 alRettlx
PEFRTE 20,

A HOFEETIX IO OEETHEONTZ KGO O 06 g
EOF VAV /IESIc BAT ROV N 1

FERMI GBM QUICKLOOK ON RHESSI ORBIT TIMES
Solar Flare 10000F : ;
5 [ Sum of BG0 detectons
1 [ L : 300 — 1000 ke¥
i @ 1000 — 50000 ke
g &
i e
: 0 T " T 1 T T T T 3
T . Theee maosl syl ord-minus thras Taost rd Mol detect
scintillation fibers i N . B S A et I
S o I! S W o | - .-'a._\ - __-_""--,a-f _1 5%’_'.,% e
I o W S R s T 3 100 — 300 kel
T T T T 171 e o I ! b 3
R i o S I
S I e I ) B ERT. .
Z:[p T T T T T
e e B 1 o e §
0 i P s D 1 -
O ) B E
e T ) | ]
S V) 1 e A D
| O A 9 SR Spe e o E (E 108
T e ) G ) 15 3
e i S s O T (1 S 1
. N N O S ) e 1 N ) 1 - } . L ) | \
0F:45 O el 04:15 04:30 Mi‘g 0500 L
‘ Start Tirne {05-Mar—12 03:33:00) h
a=tar=2012 19
v [=1=] = Y
1 SEDA-FIB f% H &g 2 2012.3.5 04UT @ hard X ## "

IRFfH] 04, FERMI-LAT 7 2R

This document is provided by JAXA.



F11mE T BB AR DD L GRS 39

3. 20123 H5H&E 20123 HTHDOTZ LT

2012 4 3 A 2 B2 6 K HE A NOAA region 1429 2NEF/pIEE 2 45D 7=

3HS5HIC

ITESIZINITES2 ICBEI L 04:09UTE X1.1 O 7 LT RFEAE LT,

S HIC3 A7 BIZITERAIT NITE27 (288 L, 00:24UT (21X X5.4 7 LT 7%
AL, FLT3HIRIZIEME3D 7L 7%, 3H10HIZIZIM84D7 L
TZ2%F7-3H13RICIEMIY D7 LT MR¥REA LT, NOAA 1429 (2B L TKE
HE O BEZ AT FERZ TRRORICHET 5, A T FERMI-LAT f#2
METHNT—H o~ BERE L TNDDT, WHEOBHGREE & L TR,

Table I  KBGHMET - B ~#kRHE

HEF  Xi#gclass 2GALE SEDA  Fermi-LAT hard X-ray peak(UT)
2012.3.2 M3.3 N16E83  weak no data (GOES 17:45)
2012.3.5 X1.1 N17E52 0O O 03:42? 04:31
2012.3.7 X5.4 N17E27 0O O 00:30? 01:15
2012.3.9 Me6.3 0O 0O 03:50 04:01
2012.3.10 M8.4 X eclipse ~20 17:55
2012.3.13 M7.9 N18W62 0 ~26 17:23

3H5HX1.1),3 A7H X5.4),3 43 9 HM6.3),3 A 13 HM7.9907 L7
£ > T SEDA THM:F78, £7- FERMI-LAT fi & Clim— R ¥ — o~ #
NEfE &Nz, 3H13HDOZ L7IZ% LTidk FERMI-LAT #5207 — X121

bump 1ZH 5, 36 Z#Z H1EFTiE72, 3 H 1 3 BICIFXEAITEANCEE)

L7=DT,

HAEIXE27

T LTI TAERSNTZG RSN TWbd 2, 38 7HIZIE
IBEL-OTEFbEll S TWn5

SHSHOZ L7 OHHAWAIL., GOES fif& Tl ;t Bz DY T R X B
BRI N— R X TR THDLE 2R > TWAHEZ EThHD, (K2)
FERMI-LAT % 5 DO f 0] D hard X RO LNTZF DN H ER Y N HEO - OB &S

“(‘[/\721/\

ZZCHOILDOKRGERLEEGEDOT —X2 2R THDE, SLHERY

FERIZ 0332 EHIZS.H BN . 75w 7 A — 2713 03:50ETChH D, #2 T
N OB SR AV, SEDA OF — & 2+ 52 LI1cT 5,
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4, 201243 H5HOZ LTS SEDA OF — X

X11 D7 VT BREAE LT EEOFHAT— a U OAEIL, 03:36-04:17UT
FTHAHEE, 03:30-03:46UT & 04:17-05:00UT [ZHMBTH >7=, GOES DIEHKT
IE start time 7% 02:30UT, peak time 7% 04:09UT, soft X-ray flux 7% 1/2 {23/ L7 [F
M1% 04:43UT & 72> T 5, —J7 FERMI-LAT 78 0O F — & 13 K5 A3 i &2 O 11 B
IZA 572 03:55UT [T T TICE—ZIZEE L T\ 5, 100-300keV @ hard X-ray
L9 TIZ peak (272> TV, K2 DT —H (L, DD —27 D15 51% 04:27UT
F T LR 04:31UT (2 peak (22T D &) 2 [ O FTREME 27”2 LT
a3

T DT —& LMSTITKEEN S OHFVET SN & 2 G i E i~ T,
M 3R T LI, FHETL 20BHR S 7= B2 6N DERNE LT,
X 3 DRV FITH T OBBIFMZ £ L, ROSIET 30— %2 KD TRITHE
MEzBEL, KENPOLWOHELIENERLET —ZThbd, 3D LI
A/ —FHWEZ X VX —|ZBE LI b 0%, ILICHRITRBICBRE L= D
THY., FTRIFLV U PEFHE L T p VX =2 THRICHBE L2 0 TH D,
HAZTRARTZ L VI TFTHO TNV —DIRENEMTH S, 2 B OS DR
WERIERRER I TIC < . 4R TE DI, =R X BROBEENRKICEL
TN RGN R LIz LTI TE 5 Z L 2R LTV 5, fif#hiE 04:00UT
MWHHEELTERZTH D, TR0 b I OHFMETIE X1 OXE7 L7 T2
Eb Tz LfEmCTE b, 40 ERITH A ) — RO R VX—%HE L7 H%%
e A 22 L, FRII L o PHEIC K - TR L 72 KB 2 m H Fs B2 0 4547 ¢
&%, HMedhiE 04UT 2> LIRFZI THALIZ S Th 5, TRV F—3R7EK 25% % B X i
XL RIEFREANCHBE L E WO L CHIAFRE TH 5, T2 b bHO ORI
03:52UT 2., & & ORI 04:38UT IZIZIFRIFFANZIE S 72 & B 2 T LW (impulsive
production),

TR LOFETTHD I EERTE D —ODOFHILEIRE H, T
BS54 T Do 03:52UT 75 04:38UT £ TOD 46 /3Hic, FHAT—v 3
NTIFIFHERZ 55, > THIDITKEGZ B L7=]IESRDH M &% TR
55 A2 BLH A BRI R I TG L TV D, 2 OB 50 T EZ2 Tk
85 2 R T o A (3R 50 B KEGA L TnWD Z L2 b, D70 K
FF AN R CIRIE R R F BN 725 Z E N B &5 (ETHEizL T\ 5D), X
5% R THE I, HENTHMETOIEY 12 L2510 F mE s FENC/ES LT
WL ZENDND, o TINODFHFIIKRGTIEONTZEEZBND,
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X3, 4 (kB #14/—FHAOIZL-T
RO BT KGR E 2 5 LRz GRER) &
ZOWEM AT (F EDOEF ORRR) .

(FEY) Lotk Tk
KGR HFEREZ R &2 D

IRefH] oA (O T OMRR) . BB RITBLIHIR
AET, 2O —7 DIFERDND,

H11E TR AR DY L SRR SR 41
start time at Sun 04:00+min : UT2(dynode)/clock dynate
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10 el i
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04:00UT % JE#E |2 U 7= W CHALT I
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X5 (FDOM) MREE FIC&E Sz
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HYEF O M4, Bl 04:310T HFED
DG m A &R T,
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5. Solar Dynamical Observatory @7 — Z OfiRAT

ZFHTIE 03:52UT & 04:38UT DOl KIEEEE TN E Z > TW =D ?

Z 2 CHREENTRGR AN E 9 72> TV =D 7>, Solar Dynamical Observatory D%
SMROER T E A RICERE L TA LI, ETHITORRKD Z LR bhoTz,

socf

400 f
r

100

S00 AA_E 17T S-Mar—2012 0352:00,350 UT S00 ALE 171 S-Mar—2012 045500, 350 UT

socf

400k

T {orcsecs)

200

—1000% —&800 —aon =700 —B00 —100C —500 —800 =700 —60%
ke (ﬂ rcsaca] X (cl rcsacs]

(1) 03:33UTCME ZA ¥ — K L TCW5%, EEEarn 2777 C03:36UT 121X
TTIEKRGRE S ERAT a3 g Ttnsg,

(2) 03:42-03:43UT (22> THREBORTILICAE D loop DIEHRAIE Y BhD 5,
Heo TN B HUL D FERE X X=-635arcsec, Y=370arc sec T&H D,

(3) B LDOER OEZDERKIZ/A S 03:56UT EEIZIZ Z OHLERO 5
DT CCD ML — g U ERI L, st cE 220,

(4) 04:04UT (ZITHLEBO D loop LD KV 729, BZL L EHIED
TTAZBIZD loop IZHHIAENTZMHTHA 9,

(5) 04:38UT @ __[A1 B @ hard X FOEEITE LT, FIECOEEEND LURDF
BT L TW\WA L 9IZR. 25D, X=-615arcsec, Y=400arc sec T D,

(6) XV XFOTOLIR7ZLTRRGEENTWS, 2HOL—T D
JLITEE TRER NV — 7 REE L TS EDICR 2D, (LOFDEE,
04:38UT)

FOEOTEIZFIEBOT VT OFRAESGFT AR LT 5(03:52UT IZHA%).
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LLEASDO @ 171nm O EEOMETH 5,
6. £+

SRIOTF =2 nbliE, FHFRED LS R F OB E TELNTZDONE T
BUAIRYIZHEIH T & o 1o, KGR E ORI — 7 OEREOE, mWEM A%
A2 AR S 2 OES T2 R S U7z flRetER[5]. milid 77 X
PO, BRA—7BEE TEONLGEROT 7 A~V =y b L EE
AR L, EEEINEE T L[6]0 X 912 R/ F —F TINE S fuiz T REdE
MWEZBND,

03:00-03:47UT £ T “ODOTHE” X2 D7 LT % Ti-poly K& O Be-thin DF ¥
VIV TEEEBIRI L TR Y £ 7 LT DM KICEE L7z 04:20UT (213 Be-thick,
Al-med DF ¥ 3L ThH 4 EERE L T\ 5, KV EiRO T 7 X< 587 SDO T
FNL—=varEZl I LTWOHEBEO L ZIZHDDNE “ODTHE” OF —
AINBHIDZENTEDLHD LR DND, SHOMHTICHRE L2V,

201243 H 5 A X1.1 ®7 L7 IZffE- T, SEDA-NEM JIE ST K25 O H
ﬁ%%%zko$ﬁ%immxﬁ®%$ﬁ%“ﬁ@ioc\2@%$Ltk%
AbND, THETFOTXLF—JERELERE TR PHEFITIZIEREZIC
TR O [ K%%ﬁf@%ﬂtk%z%ﬂéo_@ﬁﬂmMHATﬁ%iﬁi
FNF =T = a B LTz, 723 SEDA-AP DAEFTH>EDFH L THEEK S
TV S[7][8][91[10].

235 3Lk
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presentation was given in July 4™ 2013.
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kD weak 1X 2 o FREEDO 7 & A very weak 1% 1 0 2, Fermi (4 > < #H
FERMI-LAT #58 T3{g SN2 b DTk L T 5,

JLVT7 YA

Date

X AR AL

Year 2010 (M>2.0)

Feb. 6™ 18.59 M2.9
Feb. 7" 02:34 M6.4
Feb. 8" 07:43 M4.0
Feb. 8" 13:47 M2.0
Feb. 12" 11:26 MS.3
June 12" 00:57 M2.0
Year 2011 (M>2.0)

Feb. 13" 17:38 M6.6
Feb. 15" 01:44 X2.2
Feb. 18" 10:11 M6.6
Feb. 24" 07:35 M3.5
Mar. 7" 20:12 M3.7
Fermi

Mar. 8" 10:44 M5.3
Mar. 8% 18:28 M4.4
Mar. 9% 23:23 X1.5
Jun. 7" 06:25 M2.5
Jul. 30" 02:09 M9.3
Aug. 3" 13:48 M6.0
SAA

Aug. 4™ 03:57 M9.3
Aug. 8" 18:10 M3.5
Aug. 9" 03:54 M2.5
Aug. 9" 08:05 X6.9
Sep. 6™ 01:50 M5.3
Sep. 6™ 22:20 X2.1
Sep. 7" 22:38 X1.8
Sep. 8™ 15:46 M6.7
Sep. 9™ 06:11 M2.7

HEME  PYEFFEE = A (Fermi v)
sun side O  neutrons X
sun side O  neutrons X near pole
sun side O  neutrons X
sun side O  neutrons X near SAA
sun side O  neutrons X very impulsive
very impulsive
eclipse X neutrons X
eclipse X neutrons X
sun side O neutrons X after SAA no proton
eclipse X neutrons X
sun side O neutrons O 02:10 out from eclipse
eclipse X neutrons X 10:42:50 in eclipse
eclipse X neutrons X 18:20:49
eclipse X neutrons X 23:21:26
0->X neutrons O Fermi
sun side O neutrons X maybe no  (no proton)
sun side O neutrons X  14:06:59  just after
sun side O  neutrons X?  03:58:48 maybe Fermi
sun side O neutrons X before SAA very weak
sun side O neutrons X 04:03:31 before SAA weak
sun side O  neutrons X no proton
sun side O  neutrons X after 1:55 OK, SAA
sun side neutrons ? very weak Fermi
sun side O neutrons X ? Fermi (3.30)
sun side O neutrons X near SAA
0O =>X neutrons X
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Sep. 22™ 11:01 X1.4 0O =2>X neutrons ? very weak, soon eclipse
Sep. 24™  09:40 X1.9 X->0  neutrons X
Sep. 24" 13:20 M7.1  sunside O neutrons X

Sep. 24™ 19:18 M3.0 sun side O neutrons O radio, probably yes No
Fermi !?

Sep. 24™  20:36 M5.8  sunside O neutrons X

Sep. 25" 02:33 M4.4  eclipse (X=>0) neutrons ? only tail

Sep. 25™  04:50 M7.4  eclipse (X=>0) neutrons ? weak signal

Sep. 25" 15:33 M3.7 sun side O neutrons X small bkg region >
SAA

Sep. 26™  05:08 M4.0  sun side O neutrons X  small bkg region after
05:35

Sep. 26™  14:45 M2.6  sunside O neutrons X

Oct. 2" 00:50 M39 sunside O neutrons X

Nov. 2™ 22:01 M4.3  sunside O neutrons X small bkg region

Nov. 3 20:27 X1.9 sun side O neutronsO(X > O after 20:38 OK) No
Fermi

Nov. 5™ 03:35 M3.7 sunsideO  neutrons X

Dec.25™  18:16 M4.0  eclipse X  neutrons X impulsive after 18:45
OK

Year 2012 (M>3.0)
Jan. 19"  16:05 M3.2 sun side X0 neutrons X before 16:32

eclipse
Jan. 23" 03:59 MS8.7 sunside O=2>X neutronsO before 04:38 OK Fermi
Jan. 27" 18:37 X1.7 sun side O neutrons X after 18:31 OK Fermi

(4.00)

Mar. 2™ 17:46 M3.3  sunside O neutrons ? weak signal
Mar. 4™ 10:45 M2.0  eclipse X neutrons X before 10:49 OK
Mar. 5" 04:05 X1.1 X=>0 neutrons O after 04:17 OK Fermi(3.7c)
Mar. 7" 00:24 X5.4 0>X neutrons O 0:28-0:57 eclipse Fermi
Mar. 9" 03:45 M6.3 sun side O neutrons O Fermi (3.60)
Mar.10"  17:50 M8.4  eclipse X neutrons X

Mar.13™ 17:25 M7.8 sunside O neutrons O No Fermi !?
May. 9™ 12:32 M4.7 sun side O  neutrons X

May. 9" 21:01 M4.1  sunside O neutrons ? near SAA
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May.10®  04:18
May.17"  01:47
Jun. 3 17:55
Jun.14™  14:35
Jul. 2™ 10:52

3.19)

Jul. 2™ 20:07
Jul. 4% 09:55
Jul. 4% 22:05
Jul. 5" 11:44
Jul. 5™ 03:36
Jul. 6" 23:08
Jul. 8" 16:32

Jul. 12" 16:49
Jul. 17" 17:15
gradual

Jul. 19" 05:58
Jul. 27" 17:26
Jul. 28" 20:56
Aug. 18" 01:02
signal

Aug. 31" 20:43
Sep. 27" 23:57
Oct. 20" 18:14
Oct. 22™  18:51
Oct. 23" 03:17
Nov. 8" 02:23
Nov. 13" 02:04
Nov. 13" 20:54
Nov. 21°'  15:30

Until March 2013, solar flares with M>3.0 were NOT observed
Also no signal observation by the FERMI-LAT detector.

Year 2013 (M>3.0)

Apr. 11" 07:16

M5.7 sunside O  neutrons X
M5.1  sunside O  neutrons X
M3.3
M1.9
M5.6  eclipse X neutrons X
M5.6  eclipse X neutrons X
M5.3 sunside O  neutrons X
M4.6  eclipse X neutrons X
M6.1  sunside O  neutrons X
M4.7  very impulsive  not yet analyzed??
X1.1 X-=>0 neutrons X?!
M6.9  eclipse X neutrons X
X1.4 sunsideO neutrons X
M1.7 sun side O neutrons ?
M7.7 sunside O  neutrons X
M2.7 X=>0 neutrons ?
M6.1  eclipse X neutrons X
M5.5 sun side O  neutrons ?
C8.4  eclipse X eclipse X
C3.7 X-=>0 neutrons X
M9.0  sunside O  neutrons X
M5.0 sunside O  neutrons X
X1.8 sunside O neutrons X
M1.7 sunside O neutrons X
M6.0  sunside O  neutrons ?
M2.8 sunside O over SAA
M3.5 sunside O neutrons ?

Mé6.5

sun side O

not yet analyzed??  Fermi

not yet analyzed??

neutrons O

very impulsive
very impulsive
very impulsive

very impulsive

Fermi
proton associated
CME

weak signal

gradual increase
weak signal
over SAA

very weak

proton event

proton event

proton event
impulsive flare
gradual flare
impulsive
impossible

impulsive

Fermi
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Apr. 12" 20:38
May. 10" 00:57
May. 13" 02:17
May. 13" 16:05
May. 14™ 01:11
May. 15" 01:48
May. 17" 08:57
May. 22" 13:20
Jun. 7™ 22:49
Oct 22" 21:20
Oct 24™ 00:08
Oct 24" 00:30
Oct 24" 10:33
Oct 25" 03:02
Oct 25" 08:01
Oct 25" 15:03
Oct 26" 19:27
Oct 27" 12:48
Oct 28" 02:03
Oct 28" 04:41
Oct 28" 15:15
Oct 29" 21:54

Oct. 318" 13:51

Nov. I¥* 19:53

Nov. 3 05:22

Nov. 5" 22:12

Nov. 7" 00:02

Nov. 8" 04:26
Nov. 10" 05:14
Nov. 19" 10:26
Dec. 19" 23:10
Dec. 22™  15:00
Dec. 28"  17:50
Dec. 29" 07:50
Dec. 31" 21:45
Jan. 1% 18:40

HE11E] U B Ry A IR e

M3.3
M3.9
X1.7
X2.8

X3.2
X1.2
M3.2
M5.0
M5.9
M4.2
M3.1
M9.3
M3.5
M2.9
X1.7
X2.1
M3.1
M3.5
X1.0
M5.1
M4.4
X2.3
M1.9

M6.3

M5.0

X33
M1.8

X1.1

X1.1

X1.0

M3.5

M3.3

C9.3

M3.1
Mé6.4
M9.9

sun side O  neutrons O
sun side O  neutrons O
0->X neutrons X
eclipse X neutrons X
0> X neutrons X
sun side O  neutrons X
sun side O  neutrons X
0>X neutrons O
no observation
sun side O  neutrons ?
eclipse X neutrons X
sun side O  neutrons ?
sun side O  neutrons X
sun side O  neutrons ?
sun side O  neutrons X !?
X =20 neutrons X
sun side O  neutrons X
sun side O  neutrons X
sun side O  neutrons X
0> X neutrons X
sun side O  neutrons ?
sun side O  neutrons X
sun side O  neutrons X
sun side O  neutrons ?
sun side O  neutrons X
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p-event

Fermi

proton event

proton event

weak signal (30) Fermi

proton event

proton event

weak signal

proton event

impulsive
impulsive
p-event
impulsive
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« Jan. 4" 19:00

e Jan. 6™ 09:30  C2.6
e Jan. 7™ 10:00 M7.2
e Jan. 7™ 18:00  X1.2

M4.0 p-event (small size)

/22:40 M1.9
p-event (3 bumps)

the second flare

impulsive

p-event (important)

e These events could not detected due to the lack of the power supply from the space

station.

. Year 2014 (M>3.0)

e Jan.27™  22:10  M4.9

o Jan.28"  07:31 M3.6

e Jan.28™ 15226  M3.5

e Jan.28th 19:40  M4.9

o Jan. 30"  16:11 M6.6

e Feb. 1%  07:23 M3.0

e Feb.2™  09:31 M4.4

«  Feb.2™ 18:11 M3.1

e TFeb. 4™  01:23 M3.8

e Feb. 4™  04:00 M52

e Feb. 12"  04:25 M3.7

« Feb. 20"  07:56 M3.0
event

e Feb. 25"  01:00 X4.9
Fermi

e Mar. 11" 03:50 M35

o Mar. 12"  22:34  M9.3

o Mar.29" 1748  X1.0

« Apr. 2™ 14:05  M6.5
CME

« Aprl8"™  13:03 M73

« Apr.25™ 0027 X13

« May. 8"  10:07 M52

«  May27" 22:10 M4.9

«  Jun. 10™  11:42 X222

e Jun. 10" 12:52  X1.5

e Jun. 11™ 08:09 M3.0

e Jun. 11™ 09:06 X1.0
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19:51~
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~01:33 pair flare

weak (~20) pair flare

neutrons X O->X->0 08:20~ proton

neutron X O > X >0

neutrons X
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S15E80
SI17E82
S18E68
S18E65

~00:47, 01:20~

weak signal strong

proton flare

pair (1)
pair (1)
pair (2)
pair (2) weak CME

strong CME
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pair(3)

pair(3) strong CME

Due to the heat problem, those flares were not observed by SEDA.(May 8"-June 20™)
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03:32 M6.6
01:35 M3.5
11:50 M2.2
22:40 Mé6.5
08:38 M2.6
09:48 M7.9
19:44 M2.9
01:38 M3.2
03:45 M5.4
22:15 M2.5
02:50 M2.7
17:26 X1.6
12:03 M3.2
20:46 M3.7
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no data
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sun side O

neutrons X

neutrons ?

very weak
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after 01:52 OK
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directional information ?
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PEXRKEERHRIAMEEETIZRET S 6 EHEREHOME

OXEB—EB#HK), HAEAN(EKX), RERR (JAXA), EBHX #HK)

Study on the six- DOF control for a neutral atmospheric density measurement accelerometer

Yuichiro Osato (Tokyo city university), Akito Araya (The university of Tokyo), Nana Higashio (JAXA),
and Rikio Watanabe (Tokyo city university)

A low-orbit spacecraft receives large air drag because neutral atmosphere gets denser in lower earth orbit. A

thermosphere model NRL-MSIS00 was established based on measurement data of neutral atmospheric density and it is

currently used for spacecraft drag estimation. However, the model is unable to be applied to the super low Earth orbit because

measurement of neutral atmospheric density at this altitude is difficult due to high density of air. In order to obtain neutral

atmospheric density, an accelerometer is used to detect deceleration of spacecraft due to air drag. In the case of super low

altitude air density estimation, highly sensitive and wide-range accelerometers that can detect 10®~102 m/s’ is required. Thus a

new type of accelerometers which consists of contactless optical displacement sensors and a magnetic actuators that has enough

controlling force is proposed. This research investigates of elemental technology of the new type accelerometer. An

experimental model of the new type of accelerometer demonstrated detection of two-DOF acceleration. A six-DOF

accelerometer extended from the two-DOF will be constructed.

Key words: Space, Neutral atmospheric density, Accelerometer, Six-DOF control
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Tablel Accelerometer spec

Altitude 100km—-400km
Measurement range 1x107%m/s?
Resolution 1%10°%m/s?
S 10cm X 10cm X 20cm
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(Input power supply)
Mass ~5kg
Parameters 6DOF
Power consumption ~20W
Sample rate 1Hz
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Optical and In-situ Debris Measurements in Collaboration with Space Weather Science and Education
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Abstract

Kyushu University established International Centre for Space Weather Science and Education, shortly ICSWSE, in April
2012. The ICSWSE is leading two major research areas: 1) magnetized environment of the Earth, and 2) space debris
environment. To contribute to the protection of space environment and space situational awareness the ICSWSE fuses
these two major research areas into one new project through a technical and human network established under the
MAGnetic Data Acquisition System / Circum pan Pacific Magnetometer Array (MAGDAS/CPMN) project at the
ICSWSE. Now, the ICSWSE is willing to establish a measurement network for space debris using small-aperture
optical telescopes and a small satellite constellation, being named DEBris Data Acquisition System (DEBDAS). The
telescopes are well organized to be robotically and remotely controlled, including sophisticated image processing
techniques and orbit estimation software. The satellites are conducting in-situ measurements of micron-size debris using
an easy-to-operate new sensor developed at JAXA. Data acquired from the systems will be analyzed and modeled in a
manner coupled with space weather science to provide a better understanding of the present and future space debris
environment. The ICSWSE also aims at education for practical astronomy and space engineering at Kyushu University,
collaborative measurements in combination between robotic telescopes and small satellites, space environmental
awareness and space science, including debris generation and resulting environment. Practical astronomy provides you
with planning and observation, processing and detection, and origin identification. ~Space engineering provides you with
small satellite design, production, and operation.
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Guidelinel Support and promote the collection, archiving, sharing,
inter—calibration and dissemination of critical space
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Guideline 2 Support and promote further coordinated development of

advanced space weather models and forecasting tools in
support of user needs (FF /L, FHIY —/LBFEOEHRAHL)
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Guideline 3 Support and promote the coordinated sharing and
dissemination of space weather model outputs and forecasts
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Guideline 4 Support and promote the collection, sharing and

dissemination of the data and access to information relating
to best practices for mitigating the effects of space
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1) Sharing operational space weather data and forecasts (FH KR T —& & Pl oIt
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States and international intergovernmental organizations should support and
promote the collection, archiving, sharing, intercalibration, long—term
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outputs and forecasts, where appropriate in real time, as a means of enhancing
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practices on the mitigation of space weather effects (FHRKZET /L « VYV —/LD
B%E & THRRDOWEBLBEDONA 7T 77 4 ZADIEE)

States and international intergovernmental organizations should support and
promote the development of advanced space weather models and forecasting tools
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Hydrogenated diamond-like carbon (DLC) film is a promising candidate for next generation solid lubricant applicable in
space. However, it has been reported that non-dope hydrogenated DLC films are easily eroded away by the hyperthermal
O-atom collision in low Earth orbit (LEO). Metal-doping is expected to protect DLC film from a direct collision of O-
atom by forming non-volatile surface oxide layer. In this study, effect of collision energy of O-atom on the oxide film
formation at the Si or Ti-doped DLC surfaces was investigated. Hyperthermal O-atom collision in LEO was simulated by
the laser-detonation atomic beam source which has widely been used for ground-based O-atom testing. A high-speed
mechanical chopper wheel system (9000 rpm) located in front of the specimen converted the energy distribution of the
O-atom pulses into the spatial distribution over the specimen. Surface oxidation states were analyzed by either
conventional x-ray photoelectron spectroscopy. It was observed that the SiO, and TiO, were formed at the position
relatively high-energy collision was occurred. In contrast, sub-oxides were observed where low-energy collision was
occurred even though the fluence of O-atom is much higher than high-energy positions.
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Figure 3 Si2p photoelectron spectral changes by AO beam
exposures with the chopper wheel. The peak positions of
Si2p for SiC and SiO; are indicated by the lines.
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Figure 4 Peak fitting results of Si2p spectra as a function
of sample positions.
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Figure 5 Si2p photoelectron spectra at the sample 5]
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Figure 7 Peak fitting results of Ti2p spectra as a function
of sample position (Exposure time: 5hrs).
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Figure 8 Ti2p photoelectron spectra at the sample

positions same fluence but different energies, (a): 2.1 eV,
(b): 6.9 eV.
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Figure 9 Peak fitting results of Ti2p spectra as a function
of sample position (Exposure time: 10hrs).
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Total Electron Emission Yield and Resistance Measurement of Polyimide Film Due to Different Temperatures

Akira Miyahara, Kazutaka Kawasaki (Kyushu Intsitute of Tech.), Wu Jiang (Xiang Jiaotong University.),
Arifur Rahman Khan, Kazuhiro Toyoda, Mungu Cho (Kyushu Intsitute of Tech.)
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Abstract
Electron induced secondary electron emission from space insulator is a very important factor in understanding

spacecraft charging behavior. Due to the injection of primary electrons and the emission of secondary electrons in the

surface layer of insulator, the target surface will be negatively or positively charged. Additionally, the electron emission

yield of the spacecraft surface materials is highly dependent on space environments, such as the temperature variation. In

our tests, we chose the polyimide film (Kapton 100H) and the cover glass (CMG) the research object, and used a single

short, low-density pulsed beam, and also developed a scanning method for the total electron emission yield (TEEY)

measurement, which can avoid surface potential influence for insulating materials. Moreover for the TEEY system, we

installed a heater for high temperature (around 100°C) and the shroud by using liquid nitrogen for low temperature

(around -50°C). Under this experimental situation, TEEY of polyimide films of room, high and low temperature was

tested respectively. The conductivity variation of the polyimide film and the cover glass due to the different temperatures

was considered to influence TEEY.
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In order to operate a satellite in sub-low earth orbit (sub-LEO), it is required to design an optimum ion engine to
compensate the drag of the upper atmosphere. The air breathing ion engine (ABIE) is one of promising candidates for
such an ion engine. However, the optimum design rule has not been established. Because ground experiments are
difficult for ABIE, numerical simulation is a useful approach for the development. In this study, in order to establish a
useful guideline for designing ABIE, we perform particle simulations to examine plasma discharge in the ABE chamber
by using the electromagnetic spacecraft environment simulator (EMSES), particularly focused on electron acceleration

process via electron cyclotron resonance.
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Fig. 1 Schematic drawing of the ABIE proposed
by Nishiyama [1].
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Table 1 Simulation parameters used in this study

Parameter value

Time step (At) 1.7E-12 s
Grid spacing (1) 5E-3 m
Initial electron density (n,) 1.7E6 /m®
Initial electron velocity (v,) 0eV
Collision frequency (v’) 4X107 /s
Power frequency (f) 4.25 GHz
Wave length ()) 70 mm
Power (P) 35w
Magnetic force (my) 1.7T
Radius of metal mesh (R) 10, 20 mm
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function of A /L

Fig. 5 Photograph of the prototype of ABIE used in
the previous experiment [5]
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Fig. 6 Simulation model of ABIE with metal mesh
reflector in yz plane
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Fig. 7 Number of generated ions with time. Red:
without metal mesh, Blue: with metal mesh reflector at
R=10 mm and Green: with metal mesh reflector at 20
mm
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Fig. 8 Density distributions of electrons in yz plane at
x=54 mm, t=1.2x10-9 s, (a): without metal mesh
reflector, (b): with metal mesh reflector at R=20 mm
and (c): with metal mesh reflector at R=10 mm
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Charging Simulation for HAYABUSA Spacecraft under Lack of Neutralization on lon Thrusters
Takanobu Muranaka (Chukyo Univ.), Kento Hoshi, Hirotsugu Kojima, Hiroshi Yamakawa (RISH, Kyoto
Univ.), Satoshi Hosoda, and Kazutaka Nishiyama (JAXA)
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Abstract

We had observed rapid increase of spacecraft contamination on HAYABUSA spacecraft at the time when lack of

neutralization on its ion thrusters had occurred. It is considered that spacecraft charging at that time had attracted the

charged particles and had enhanced the surface contamination. A numerical code for charging analysis has been

developing to estimate the return currents as a function of the spacecraft potential in ion thruster operation for

HAYABUSA. The estimation will clarify the contributions of charged and neutral particles to the contamination data

obtained by the spacecraft. In this paper, we introduce the present status of the development of the code and preliminary

charging analysis for HAYABUSA with ion beam emission by using the code.
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L
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27 (X GEOIRIE T. MUSCATM Parametric RunfBEM St F 18BN & AR
DEWREZFERL:,

®GEO (JLED () PEO | read Default File | [ Orbit Parameter |

< PIC/PT electron >

BF

Number density [m-3] |1250000

Temperature [eV] 1500

< PT low energy ion >

Mass, mi/me |[1836

j Ok Number density [m-3] 1000000

Temperature [eV] 5000

< Secondary electron >

‘ Temperature [eV] |2 | ‘

< Photo electron >

‘ Temperature [eV] | 135 | ‘

= Secondary electron >

Temperature [eV] |2 | ‘

e
"2 RHGEH =HEEH= =

< Magnetic Field Vector > < CPU, Calcultaion parameter > JE %ﬁlﬁ = ﬁllf'.
ZIVENI00 CPU number: |1 2
y[T]: |00 dt [sec]: |1.0E-4 0.001
z[aT]: |0.0 Total iteration number:  |30000 10001
<Direction of the Sun> Tnject particles: |30 30
v 7 x: |1 . Iterations to skip outputting plots: 30000 10000
y: |0
| N 0 | = Code option >
_<Ambient Plasma Velocity > Is plasma temperature double maxwellian? © Yes @ No
Bl 307— Do you consider photo electron? @ Yes @ No
[km/s]: 0.0
[km/s]: 0.0 Do you consider secondary electron? @ Yes © No
= Code option >
Do you consider the sheath plasma? © Yes @ No
Do vou consider conductive current? @ Yes & No
Do you use RIC{Radiation Induced Conductance)? @ Yes @ No

Do you use fast computation? @ Yes I No & %ﬁ'ﬁﬁg*ﬁ' E% [ZNo
Terminate condition: Maximum inverted gradient [V] |1000
Terminate condition: Maximum normal gradient [V] 5000
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Abstract

HORYU-IV is a lean satellite under development at Kyushu Institute of Technology. The project started
in October 2013 and its development is limited to two years by applying the know-how acquired during
HORYU-II development. HORYU-IV project is composed of an international and interdisciplinary team
and the satellite this project started in October 2013 and aims at developing within two years by applying
the know-how acquired by HORYU-II development. Main mission is to acquire, in orbit, discharges
current waveforms and photographies of discharge events. This mission will be a world’s first feat if
executed successfully. In addition to the main mission, there are nine sub-missions on-board HORYU-IV.
In this paper, HORYU-IV missions’ preliminary description, development status, and expected outcomes
are reported.

Key Words : discharge, high voltage, plasma, lean satellite
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FHEFEEMIEICH T RBIRE
Spacecraft charging potential estimation
in the worst case environments

SHMEA, AREX

£2-

La SEINE

NWI Spacecraft charging potential estimation
in the worst case environments

La SEINE

» Background

— No criteria to estimate worst case of spacecraft charging in
each space environment

— Worst charging potential should be tested in ESD ground
testing (ISO-11221)

* Main purpose
— Provide space plasma environments for worst case
differential potential simulation

— Provide how to estimate worst potential difference with
simulation code

This document is provided by JAXA.
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La SEINE

Workshop in Tokyo

2013 Jan.

ISO draft hlsm

* Main purpose
— Provide space plasma environments for worst case differential
potential simulation
* Round-robin simulation in GEO environment

— Provide how to estimate worst potential difference with simulation
code

» Definition of differential potential
— Between insulators and spacecraft body
— Focus on solar panel

e Orbit
— GEO, PEO, MEO

This document is provided by JAXA.
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Contents of ISO draft ‘."

* Criteria for worst case environment
* Procedures for application to spacecraft design
* Space environment for worst case simulation
— GEO worst case environment
— PEO worst case environment
— MEO worst case environment
* Annex A (informative) Spacecraft charging analysis tools
— COULOMB-2
— MUSCAT
— NASCAP-2k
— SPIS
* Annex B (informative) Space plasma environment
— GEO plasma environment
— PEO plasma environment
— MEO plasma environment
— LEO plasma environment
* Annex C (informative) Round-robin simulation
* Annex D (normative) Material property

Voting as NI1021 ﬁ"

« Title: Spacecraft potential estimation in worst case
environment

* By July 25th

This document is provided by JAXA.
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List of experts Lastm

 Japan, Mengu Cho, Kyushu Institute of Technology

* China, Weiquan Feng, Beijing Institute of Spacecraft
Environment Engineering

* Russia, Lobanov Alexey, TSNIImash

» USA, Dale Ferguson, Space Environment
Technologies
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La SEINE

MUSCAT and NASCAP-2k

ROUND-ROBIN SIMULATION

Round-robin simulation Lessie

* Decide GEO worst-case environment
* MUSCAT, NASCAP-2k, SPIS, COULOMB-2

» Simulation condition
— Satellite model
» AFRL proposed model
— Plasma environment
» AFRL proposed condition
* LANL worst

This document is provided by JAXA.
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Model: NASCAP-2k

Gravhite

Black Kapton

Model: MUSCAT ‘1,.?

This document is provided by JAXA.
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Material property P>

Material | Dielectric | Thickness Bulk 8max | Emax | Photoemission
Constant (m) Conductivity (keV) (Am?)
(@'m")
Graphite 1| 1.00E-03 -110.93| 0.28 7.20E-06
Aluminum 1| 1.00E-03 -1(0.97 0.3 4.00E-05
Black 3.5| 2.50E-06 -1 5.2 0.90 5.00E-06
Kapton
Kapton 3.5| 1.27E-04 1.00E-16 | 2.1 0.15 2.00E-05
Solar Cells 3.8| 1.25E-04 1.00E-13| 5.8 1 2.00E-05
(MgF2)
OSR 4.8 | 1.50E-04 1.00E-16 | 3.3 0.5 2.00E-05
NPaint 35| 1.27E-04 1.00E-16 | 2.1 | 0.15 2.00E-05
12
Plasma environment Lsam
Environment Name Nel Tel Ne2 Te2 Nil Til Ni2 Ti2
(m”) (eV) (m”?) (ev) (m”) (ev) (m”) (ev)
SCATHA-Mullen1 2.00E+05 400 | 2.30E+06| 24800 1.60E+05 300 | 1.30E+06| 28200
SCATHA-Mullen2 9.00E+05 600 | 1.60E+06| 25600 1.10E+05 400 | 1.70E+06| 24700
ECSS-E-ST-10-04C (SCATHA 2.00E+05 400 | 1.20E+06| 27500 6.00E+05 200 1.30E+06| 28000
1979)
NASA Worst-Case 1.12E+06 [ 12000 2.36E+05| 29500
ATS-6 2.36E+06 | 29500 2.36E+05| 29500
MIL-STD-1809 2.36E+06 | 3100| 6.25E+05| 25100| 6.00E+05 200 | 1.20E+06| 28000
Galaxy 15 4.58e+04| 55600 1.00E+05 [ 75000
LANL-KIT SE+06 | 13500 2.5E+05 | 5000
13
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Simulation result of NASCAP-2k

SCATHA-Mullenl

SCATHA-Mullen?

ECS5-E-5T-10-04C [SCATHA

1979)

MIL-5TD-1809

Simulation result of NASCAP-2k

Dayfight charging after

2000 sec

Min Chg Chg  Frame ~Frame

-B02  9.56

-32E6 -1518

13910 -2617

11870 5236

-10940 -4077

-108T0 -3512

5718 -1407

2751 -LT751 81156

-H15 2415
57719 Shre
-BanE 468
-B513 B573
5640 5640
-1267 2367

Hight-time charging after

2000 sec

Max

MinChg Chg  Frame

Galawyl5 -17820 -17410
MASA Worst Case -13230 -5687
ATS6 -18310 -5733
SCATHA-Mullenl -11580 -6752
SCATHA-Mullen? -11160 -B010
ECS5-E-5T-10-04C [SCATHA

1979) -11430  -6050
MIL-5TD-1809 -6312 -3393

7168

10293

Ghad

EHEE

Ti58

Max-  Max-
Blin Frame

.81

3040

2162

3232

2128

Max-  Wax-

-17580 - 17590

9153 9153

13220 13230

10950 - 10950

4736 9736

9571 9521

-Frarme Min

aio0

Fo43

8577

5228

5150

5380

119

Franme

ira

ES L

87

4198

3126

3471

2116

La seIxe

14
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Simulation result of MUSCAT ‘.‘>

Daylight
Time, s | Min Chg | Max Chg [ Abs Chg Max-Min Max-Frame | Min-Frame
(frame)
NASA Worst Case 2000 -14600 -40 -1820 14600 1780 -12800
ATS-6 2000 -19400 -70 -3400 19300 3330 -16000
SCATHA-Mullenl 1835.5 -41500 -350 -16100 41200 15700 -25400
SCATHA-Mullen2 2038 -34000 -60 -10300 33900 10300 -23700
ECSS-E-ST-10-04C
(SCATHA 1979) 2006.6 -28800 -160 -7450 28600 7290 -21400
LANL-KIT 2021.1 -38800 -290 -15000 38500 14800 -23700

16

Simulation result of MUSCAT ‘,)

Night-Time
Time, s | Min Chg | Max Chg | Abs Chg Max-Min Max-Frame | Min-Frame
(frame)

NASA Worst Case 2000 -43700 -42900 -43300 870 402 -468
ATS-6 2000 -63800 -63200 -63500 600 270 -330
SCATHA-Mullen] 2000 -107000 -102000 -105000 5600 3420 -2170
SCATHA-Mullen2 2000 -112000 -107000 -110000 4890 2700 -2190
ECSS-E-ST-10-04C
(SCATHA 1979) 2000 -70000 -67100 -68600 2870 1520 -1350
LANL-KIT 2000 -72900 -71800 -72300 1030 468 -566

17
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Summary of round-robin simulations s

* Round-robin simulations were performed with the
same simulation model and environments between
Nascap-2k and MUSCAT.

* Both types of simulations showed large amounts of
charging in all the proposed worst-case environments.
¢ The SCATHA-Mullen 1 double Maxwellian plasma

environment showed the largest maximum inverted
gradient potentials in both MUSCAT and Nascap-2k

simulations.

* The SCATHA-Mullen 1 can be reliably used as a
worst-case environment for spacecraft design and
testing. 18

Material property for simulation w5

Result

Plasma environment

* proton $ : .1 l
* electron : :
Material property ' . :

* secondary electron
* photoelectron : : ‘

* resistivity
* etc. .
"W Aging effect 9 How mych difference?
* proton 3

* electron
« UV
* AO
* etc.

[ Investigate the effect of material property on simulation result ] 19
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Calculation model

Sunlight:
(1,0,1)

Calculation volume: 32 x 32 x 32 Grid: 0.5m 20

Material property a3

Material Aging Simax E, Photoemission Bulk Dielectric Thickness
effect (eV) (A m'z) Conductivity Constant (um)
x10" Q'm")
Aluminum Nominal 0.97 300 40 -1 1 1000
Kapton Nominal 1.69 150 32 0.7 35 254
Proton 1.66 150 7.9 1.6 35 254
Electron 1.97 150 33 2.9 35 25.4
uv 2.12 150 8.7 0.7 35 254
AO 1.1 700 3.0 0.7 35 254
CMG100-AR Nominal 6.76 1000 20 1.0 3.8 125
Proton 2 350 20 1.0 3.8 125
Electron 6 1000 20 1.0 3.8 125
UV & 1.8 200 20 1.0 3.8 125
Multi
21
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Plasma environment Lesene
Environment Name Nel Tel Ne2 Te2 Nil Til Ni2 Ti2
(m”) (V) (m”) (eV) (m™) (V) (m”) (eV)
SCATHA-Mullenl | 2.00E+05 | 400 | 2.30E+06 | 24800 | I.6OE+06 | 300 | 1.30E+06 | 28200
22
Example of calculation results Lastne
Kapton: electron CMG100-AR: nominal
0kV
-10kV
20kV
- -30kV
-40 kV
- -50 kV
23
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Results

Kapton
Aging Light side Dark side Frame Light-Frame Dark-Frame
Nominal -17300 -19900 -13000 -4300 -6900
Proton -11900 -23400 -10700 -1100 -12600
Electron -20400 -29000 -11500 -8900 -17500
uv -10300 -18200 -10900 600 -7300
AO -16900 -19500 -13000 -3900 -6500
Aging Light side Dark side Frame Light-Frame Dark-Frame
Nominal -1800 -19900 -3000 1200 -16900
Proton -4000 -29800 -6900 2900 -22900
Electron -2500 -22800 -4500 1900 -18300
uv -4000 -30200 -6800 2800 -23500

Summary of material property

197

La SEINE

24

L SEINE

* The simulations were performed with different material

properties by MUSCAT.

* The calculated potentials had a large distribution after

aging effect.

* This results will be published on ISO draft (worst case
environment for spacecraft charging simulation) for
suggestion of considering effect of material properties

degradation on spacecraft charging simulation.

25
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Schedule @

« Workshop in January 26" and 271 2015
— Round-robin simulation results
— ISO draft

¢ Committee Draft by July 2015

26
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x5 FERALEMHENTA—4

ALM KAPTON
MSEY 0.97 1.69
PEE (eV) 300 150
PEY [A/m2] 40. OE-5 3. 2E-6
BUC [ohm-1.m] -1.0E-14 0.7E-14
RDC 1 3.5
MSEY: Maximum secondary electron emission

(SEE) yield for electron impact

PEE: Primary electron energy that produces
maximum SEE yield
PEY: Photoelectron current for normally
incident sunlight

BUC: Bulk conductivity, must be set negative if
a conductor

RDC: Relative dielectric constant

F6. FHIRE/NT A —4 (SCHATA-Mul len1 case)

Nel [m3] 200000. 0
Ne2 [m3] 2300000. 0
Tel[eV] 400.0
Te2[eV] 24800.0
Ni1[m3] 160000. 0
Ni2[m3] 1300000. 0
Ti1[eV] 300
Ti2[eV] 28200.0
HEFER HY
—REFER | HY
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x1. BEREAOEML BHEBROETILEERL, BEREZSIEE
SPIS MUSCAT CYEVFHRELEEM T TYIaL—Yay

BAEE (AT bhY) -17854V -17300V T2 TWFETHS.

Aiz@E (AT hY) -20700V -19900V

T I S HEIRER -5560V ~13000V 1. Reference

HE®EE -12294V -4300V [11Benoit Thiebault, Jean-Charles Mateo

BAOREEM Velez, Julien Forest, Pierre Sarrailh

AIEE & EADOTAE | -15140V | -6900V 2013, Spisd. 1 User manual

1 [2]Toyoda Kazuhiro, 2014, Effect of

Material properties on spacecraft charging
simulation, Proceedings of 13th Spacecraft

Charging Technology Conference, #172

X7 REFEDEKRTF

BAEEFEREOMICTEHEMAREL, FL
THEEAENTHEARAL HRRETEMNENKE
LTWB I ENFERTE . MUSCAT DFER & bk
5L, TILZBABSOBLICEINGZYELSH
5. BEETIE CORERATOTSLIZHDID
n, MEONRSA=RIZHDIDL, ETIUTIC
HEDMFIE-EY LIz LIEHD > TULVAL.
SHRAETHAROT—F LB LGN SHEIIL TL
CFETHD.

6. F&H

AMESTIIHELSPISOFERAEZE, ZTDOEHA
RIZEDWTH 22V TVBETILOOZ 2L
—VAVRRERBN L. SBRIIThEBEZT
IS0 IREDRIAETILEE, BEFEELIZLY

This document is provided by JAXA.



F11mE T BB AR DD L GRS 205

QZS & MAGDAS i1 8 /151 & 2 [Fl— 15847 # fB I oD [R] I L
— IRTE T RR AT R AT

ANERAE 10 TP SERE 210 AR 43, FAARIE/A 3, D.G.Baishevt, fafEfHH] 2,
BIERE ] 2, HoeifsC 21, &) 21

11 JUN KRR P B Ebe iR E R

20 JUNRY: EEFHREEY - ZHEE 2 —

31 FEHMIZEMTSEEA SIS WFZEBH A TR 7 L — 7

4: Yu.G.Shafer Institute of Cosmophysical Research and Aeronomy,

Siberian Branch, Russian Academy of Sciences

LAV rErvay

INiE R ERE (FAC; Field-Aligned Current) (22U COMFSE TR~ 7220 - ToOH#]
W7 —2 % HWTIThiL TER, R TIE JAXA NEHT L2 ERTEHE (QZS;
Quasi-Zenith Satellite) &, UM KFZOEEFERTET - BE R X —RHbLE 75T
AT D ESENR Y b U —27 ThHDH MAGDAS (MAGnetic Data Acquisition System)
D RIRBIRT — & 2 W TIT ),

QZS TR AT K Afi5E T 2 HITH S LiF o cfE Th 5, #ILER OWuE)» b
R 40° LHELER 0.1° ZF->TWo, ZOMAENLE CFFm (AA) O EikeEEE
ICRRFRIET 20T, BALEENOYORIREND Z L FEFetd 2 enTE, Hl
ML AT LOWFEEAITI Z LN TED, QZS ITFHEREGNEEE L T A%
TIXZEOT =2 &M%, £, MAGDAS [IBIEILS 72 (TSN 2 RE L TR,
UT NG A LTRSS T — 2 20T\ 5%,

1 QZS L ZDEE
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ARHFGETZ D —ODOBISET — 2 i+ 2 B, AR E b D B8 % K W R 8]
WA 2 Z ENFRERE D TH D, QZS % iEiH T DB J1#7D footpoint DT < 121X MAGDAS
OBINRR & D DT, W ainb> TWSBHREFERHIBIHIT 2 Z L8 T&E 5, Fiz,
QZS 1X[F Ui B ERRIET 5 Z & 025 footpoint 723 Hi_EBLI ST UT 5 Bl D 5
LRIV DS L LEINRNWOT, R ORRFBIHINAIRETH D,

2010/10/02 UT

foot point M ELHER

AALEN Latidear

skl S ROR - ...,
2 (B)QZS #E@+ 58 N# (hB)footpoint & MAGDAS &Ll S DAL E %

# 1 footpoint 13Tz 5 MAGDAS BlH R OfF#H

Station name |GG.Lat. |GG.Lon. |GM.Lat. |GM.Lon. L value
Kotel'nyy

(KTN) 75.94 137.71 69.94 201.02 8.50
Tixie

(TIK) 71.59 128.78 65.67 196.88 5.89
Chokurdakh

(CHD) 70.62 147.89 64.67 212.12 5.46

MAGDAS/CPMN
(MAGnetic Data Acqusition System/Circum-pan Pacific

P e . P —=
’/‘;:' e (] ..ZYK 6 S
- O

e Al g

‘ APTK |
- (b FPI® g ASBMSR RIK

;R é;;k,}omw
. ; v
’ ST Ewa
[ o KAG .

A O

X 3 MAGDAS & #l s DALE
ZIVE T QZS OEEIT VDH FEFE R 2 FH W TRENT 24T - CTE 7223, BRI - T2 B8
R TCWL OTHIIIBE IR (Field-Aligned; FA) EEAE %R (F; GRS 120
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TERSNDEERTHD) ZHOVTIZI BT VWEEBROND, £ 2 THENT FA
5RO T 24772 > TWE 7225 5 VDH FEER & DOl 2R 4, AGw3CTid, ik
% & LTl IGRF 7 VS 2 AW 5,

& 4 (Z£)VDH FEERD 3 fisy, HEa HERD X A R— @& AT ThmE iz, D#g H
il & HERO PO L RO P LERKSBROMGFICEE TRME (Z, Vilhz D& H o5
TL 2, (RFAEERD 3RRGY, ZMEHREONME TOERS L FITOH M, YHE Z
#he rah GHERPLOLEETLARKSE) EOAET. XEE Yihe ZEiL DAETL 5,

2. T — X RAT - i

AlElx—F] & LT 2011/4/9/17:20~17:35 (28U & V7 iS5 AL B BL R OFRAT 21T - 72,
5137 DA X M A E T 16:30~18:00UT TP QZS & MAGDAS OF — X %Rk LT
WD, EinD 4 DD/ QLS TOBAIRGYS (FAEIEIZ BT 5 3 (X Y,2) & 2R |
WD 4 HSD3FE CHD TOBMIEES: (HD,Z O 3 i4y) kD 2 5D s3% 13k MAGDAS
B & footpoint O FREEZ FREEJ7 1R & REFE TN DR L TR Y | RfhD 2 DO/ SRV
QZS OHEBNT —Z1-1 2T 7-b DL ALOEERLIZbDTH D, HWEEMT —4
WZ=1 2T T B DL, 7T A<EE L EOHBEZ b7 TEEDO KN ERST T 57
WTHD,

CHD DOHE %7 L TWADIE, ZORZICE W T OBLISOT — Z IIZREIRH Y |
T — X Ofii> T % CHD % FONZRNT 21T 5 0B Th 5,

WEBEBNT —ZIERT 25 & ZOfED 16:45~17:15 {111 T single pulse FJIZHII L T
LT ENDIND, ZHUXT T ASEEOHMNEZRT EEZ LN, ZhEb, 5 DIRFfHE
IZ QZS IFEARNC T T A~v v — | — m—TEREIFEOr —7fIZ0E L, 16:45~17:15
fHEIZEWIR 7 XA~ — MZ ATz, EFXbND,

Fo, EENA O DREE (17:20~17:35UT) 1235\ T, footpoint (7 (& 23N fESE « #REJ7
e Bz 1 L TOWRNT &b [RIRFEIN FTRE 2R Rtk A 72 L T\ 5, AL DA
INEVDOTT B — VUL & Z OFRRIEITEFE TH D 2 EnNbnD,
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B DFEE LWMRENTIZ A A BIC Z DA Ry MBI A58 % FA JERE R & VDH FEAE A L
L CHD, K61X2 0D EEFORRA 2R LTS,
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ENMERFHEBELROH L 2014F12810-118 KERFIIKE

EISCAT_3D

(R E N IETF B EEL—F —)
[C&EFHREAREER

Investigation and monitoring of space environment with EISCAT_3D
(Next-Generation IS Radar Project for Atmospheric and Geospace
Science)

= B B B2 /NI RE. B S8 K1l fB—BR2, #H B—2 | C.Heinselman?
\ETEHHRART T EAFABHRBREHELAT  CEISCATHFGE

H. Miyaoka!, 5. Nozawa?, Y. Ogawa!, T. Nakamura® , S. Oyama?, R. Fujii? and C. Heinselman?
1 National Institute of Polar Research
2 Solar-Terrestrial Environment Laboratory, Nagoya University
3 EISCAT Scientific Association

EISCATL—4& —¢&I1E ?

"7 Associate countries and institutes Contributing:

I N N e B m=
> EISCATH 172 (19755 831, 1996512 B A INEE)
> UHFL—%—, VHF3/L—4% —, BRI EM#EE

> ZN—=)LINVEL, 2L —F —

LA, R -
EISCAT Svalbard radar
antenn

24

Sodarkyla UHEada
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JEF 5 ELEL (Incoherent Scatter) L—& —& (& ?

= ET70kmM52,000kmETHLERAESHFEICBRB TELBRALABE AL —5 —

ASHDOBFICF > THELSNAMBABRZAVT. EFEELEECEOYESEAET 5. MBLERM
SYMEEERETHITE, KAE(EE0MUL) DERETUTFERELEEHND(1AFTTIRLUE) ARE,
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: il F ,/4/ ! .
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] AN A EISCAT schood 7010 ey
EiESATEYEE:
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AFRENRIRIL)
E==ViXB — E(NZFL)
E: &5
Vi: A7 RE b AL
B: W35 ToTHEBIZ LB 2RTEFEELRA

BEBRRXIORHAEBENGEHDEE

HEBARITRRAILYVLEDIE
AREV, > NIRZEHE~DZE.
RIREHTFILORE,

TEASH SBHEARETO
XEORBEHOBSE

lonospheric electron density (log,, c)
2 3 4 5 [ 7

1004

400
350
300+ o
€ 2504 Mgll err15 Kp < 3 12LT 320km
% 2 RE L3 FRICEY AR OOBD,

- Ti(fiy) [K]

Ti(obs)

AAUBEDEHIL IR -13£0.36 K/year

n T T
4] 200 400 400 800 1000
Atmospheric temperature () 1985 1990 1995 2000 2005 2010
Year
Lastovicka et al. Science [2006] Ogawa et al. [2014]

This document is provided by JAXA.



LA TFHBREES VR D D bR U 213

EISCATL—4 —[Z&KBAR—XTITY#

L2180

42m fixed,
elevation 82

azimuth 181

Standard
recelvers

Spreading of debris after a
typical fragmentation
event (model calculation)

Assumed: Spherically symmetric breakup on an
altitude 800 km, inclination 98.7° orbit.

Source: H. Klinkrad.
Space debris, Models and Risk Analysis, p. 72.

after | orbit after 20 orbits Number of catalogued fragmentation objects

2007

; e Il::ar 1980 oo
after 3 months —_——
Markkanen [2008]
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Doppler-velocity (km s")
-08 06 -04 02 0 02 04 06 08

I
b AT O ..g. ‘.14-...
%! “ﬂ.'.;‘""f.o 2o S0 e
.n.o!- .‘ ﬁkfm%.';.ﬂf
- Th a0 .,
E RN A NI /R R
o R 77 g
o
3 A LA *
z A
Lade oAty
.. ‘wo.:‘i'nq
y : ‘e, v
I l
E 100 ave =298 |-
-— 50" =
z -
0 T T
06/04 06/05 06/06 06/07
4-6 June 2007 (UT) Markkanen [2008]

EISCAT 3DFTEID#E

SRAALEBAOEKE

27 AR GERER) EUE— A - (ZERRB)

. e
TUTFTLAERN DRI, EISCAT_3DL—5—%

5 ExERERD=O. th EMhSH
2DESITTUTTERE, @ﬁ%ﬁfjbﬁk(:*ﬁ%ﬁ
-

ARERIEIXEISCATRIZ S NBEEDEREE (LY., £E - EEERF
AHREELTEADHREDRAIH#END, ——
- 200848 12 A IR R R BB E (ESFRD DY 25— T T (iR | | "ABEBIA MRS 2T L/
. EURSE#5HE (FP-6. FP-7) DXIEEETHTMEEoRHLEEE | | AREFEICRIFZTEE
HBHEESI, EBREISCATAZ A =T A2k DY A TV AT D EHOT LA D ARBA

22 =T DEBRA FHE B SO TE ., CNSITESE /L || oo e .
r—paYi—TLRL—S—REOLbOFEEREMELERES | | ) S S OBRBCHSL
2HTLB(0135), > ERICAF-EERENDDHS =/ :

This document is provided by JAXA.



F11mE T BB AR DD L GRS 215

EISCAT 3DL—Z—MDHEKEE T
N7 =

JLARYTS—L—4 —
SRT7OT7147 DA XAR-FLA4 A

233 MHz(R£&:1.3 m)
a7 GEZE)VR 10,000 KDER/IN\KRKTUTF
ADFRDZER 510,00 KD EXRI\NKRKT7TF
A7 RBM5HI110 kmé250 kmD IR EEIZERE

o RREH REIEE—VBHIOMW, Ta—T Lk 0-25% TAZE
: FiHiEIZEY, BE100 kmTHRES0 mD 2 /HE 2 85 ,
E

2 EH iE [l E < R DR ERE A

EISCAT/EISCAT 3DL—4% —M 3R TRl

ISXTPEEEE IREISCAT EISCAT 3D
Ne,Ti,&Te@]110km 5% 0.05%) 1001
Ne, Ti,& Te@300km 20% 0.3% 6715
Vector Vi@110km 500F 108 50f%
Vector Vi@300km 1007 17 100fZ

[E1scAT 3DL—4%—Iz& B3 x|

Altitude [km]
2

f5 100 150 200 250 300

1 E-ﬂ;ms»uE 0 -21%
'_X"1E|EJ "i‘%EET%S nce [k%1§)%

EZER
ERERMOEFEIN-BHREAOERNEHRET .
BET 5. TOREREM EDSDDRTRIETS  EISCAT 3DL—F—ICLHBFEE
CETEY  3ZRTDEMBEERAERE, D3R E A

This document is provided by JAXA.



216

20124F10R :
20134 3A8:
5H:
108 :
20144 2R8:

P T4V SR DREHE I RAZ—TSUIZEISCAT 3DARIR
38:

[*AR2—7522014]

FHIML 22T TEBR FEREAE R R JAXA-SP-14-012

EISCAT 3DEHE D EFIK;

DT —hFHEBE (-38(EM)

—TEBEDN. fx= Tl (201348F58)

A z—TUMNFEBE(-38(EM) >H 5

RRE—TS 2014|265 T KIGHh Ik RIE S BFED AT EIER AL

Bk 28 S E RSy a U TEISCAT 3D B2 H T2 RRE LV
DHAR—RHZD = DHISL—F — 1B

Iz —iBhfE BRI S — 7 —Y avTE O LY THIE
NordE3D Network Application (25 (ALER3HE Gy, BA-EE (E1FH)

EISCAT_3D%#&{ KGR RE S BEOMTERBAIN
RRA—TFS522014DE /A AR EHE (£274#) IZERIR

DB LU E R
6A:
7R:

R ERE A ILOEE R

: EISCAT 3D Science Case ver3.0 {ERX
9A:

P ADI—TUNFEAFRE (FIRT—U0DOEESEEISEM)
10H:

: EISCAT 3D ‘Cost Book’ #ERX
118:

20155 1A:

: EUDInfradev-3IZi5 (6f2M. F5E)

EISCAT 3DICRAY M ==&, 4EfE=IhET EXE
REHEAE—R2v72014 (F#R104) ITEHRR

EISCAT 3D#fi571—X (FP7: 2010-2014%E)#R T

JIVoz—INFEBREERD)

FE2EIMERiE
EISCAT_3D=EE7x—XBiE . EISCATH B EZ#H#E (FE)

201453 ICE R KB AR ER7THD1DITER

KGR R G S BIEORZEERER AL

Study of Coupling Processes in the Solar-Terrestrial System

REE FHPEEHXFEFERERR-#IR)

E R

MFEI7ITY
@) BEIRILX—FRAIBIE
B)yo—nLEseBEE

SEHREA:

REBRPEFEHER

El LB R ZE A

A EBRFABMIKIRE TR AR
AMKFERRFERXAHP-BEE 52—

-

: .&v - f

This document is provided by JAXA.



F11mE T BB AR DD L GRS 217

HEBR KRR EDAAR—RIBBOEEIZRITT
- EISCAT 3DIZ&ABEIRILF—RA-ZTHBIEOELEDHED -

ABMASOKRBEIRILY—
AlcE-> TR ETHHE
BREEHRAT D,
F—AJIcRESh HHERED
TSATBREROEREHE
KR OFHEMADFE
KRS DOEELE T A%
ERERADIRILE—E

: E:SCAT_:%DI;-#-EEtﬁh‘t‘:ﬂ:ﬂkl-ﬂ‘rﬂ

N - KIBEDAMRL AT A AMEERCRIFTREE

RS EY L
CFHEAODBREH S AL TISADY A TBE R E

EISCAT_3DLe—4—2+ 2.5 L |2 LU S5 7% B 15k D I M AV T i

Arecibo, Pue ico Jicamarca, Peru

This document is provided by JAXA.



218

FHIML 22T TEBR FEREAE R R JAXA-SP-14-012

JETFiHEREL (IS) L—% — 1488

T Fowr [y | TSm0
(MHz) (MW) (Bi) (m=) 0 X (GWm~)
EISCAT VHE (1 klystron 224 1.5 3110 12.5 300 4.67 1.00
EISCAT VHEF (2 klystrons) 224 3 3110 12.5 300 9.33 2.00
EISCAT UHF 930 2 48 522 12.5 120 1.04 0.13
EISCAT Svalbard 500 1 45 905 25 65 0.90 0.57
Sondrestrom 1290 35 49 341 3 85 1.19 0.08
PFISR 449 2 43 708 10 120 1.42 (.34
EISCAT 3D Core 233 9 10000 20 190 90.00 37.04
Jicamarca 50 4.5 75000.0 6 3000 33750 | 2246
Arecibo 430 2.5 55000.0 6 90 137.50 | 35.46

PA.|Duty cycle

SYS fRADAR

Figure-of-merit (FOM) =

Wannberg et al., EISCAT 3D: A Next-Generation European Radar System
for Upper-Atmosphere and Geospace Research, 2010.
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=" . 12{E’ (Andoya) 2023 12%
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%4 =

= . 1215/ Uokkmokk) 2024 12%
RART—V

EISCAT_3DIZ4BBEIC 4 1+ CHEMICR BEED S, H1RIETEISCAT DDEAY B3 -4 BETERT YA+
BL—5 — BRI R AR RSN, (5ER0)

Suggested EISCAT_3D site set-up
FRBLUVZERDTUTHNER, BEOFEEER 150, ToTHEREHMEOEE LICKRET 5.

This document is provided by JAXA.



LA TFHBREES VR D D bR U 219

EISCAT 3DZ{w st

2015 2016 2017 | 2018 | 2019 | 2020 | 2021
ES =¥::4-4

B
o R e e e e o
o —————
e
-
-

]
. 1 BR
ERatE SEoRRS | WIEPE | WaRRE

<BIfiTIEEE> <FHEEHE>

BEREE el s i %—-

- IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

SR ERT O THE -E{EHBE (#910,0008)
EERBUE (918) B ERE
B R E AR

BHEDSEEE

1) HB2-4BRPEOEMBIER. 51 REOEBKRICECTRET S,
H2) BRH-ER/MERCERSERE. EMBEEOHARLL TERBMOES CRBEND,

FED

s LEOBE2ZNFHRMALERI T 5 L EEE - ERELSE
BEINFETICHELE VR - ER S REET=RTEREIT
BT EMTEDEISCAT 3DEHE A B HEEEERFEICA-T=,

s EISCATREIZIHEDIEXMBEETHSBAREETERET AN
HEHEEBIT. BEAEEERED2—IL)DEOFEER
KZERA

* EISCAT_3DL—HF—I[d. BIEADIRIILF—FRA - E B
BRORBBAEREMICEDHDEELIZ, EHRE=2) T &
ZRELT. 2B - EHBORELZEOAR—XTIJED)
TILEA LERICHEBOHTHA,

s FHREIZZIEICH EEVBEEIZS A =TLNDEKE-
BADNKRHEDEHEKREZKNILT HLTRAIR,

This document is provided by JAXA.



F11mE T BB AR DD L GRS 221

TS BT FE A DIF JIBRR I B9 S A58

O T# &HuE, M PR, £E W@, =4 mifie)
E-mail: taka.c@pparc.gp.tohoku.ac.jp
(1) HAERFRFBE BEPEER KR T 7 X~ - R&F%Et 2 —
(2) At R RFBE KW HERBR BEAT 72T

{Abstract

BERUR DBEIC R & < BE) 2 Z 3 #IERO B 7 BT O & 7 O ZENEFEIZ >V T THEMIS f#
BOT =2 AW TIHEEZAT > 7o, BT EF OLBRRIC OV TIL, BEE TICZ < O
TR INTEY, W ONOYBEIRRENRE SN, SHITEFBHMICLHLNISA TS, L
LR BRIEEERERIZE EE o TV D ORBURTH 5. AEOEE % EIEMICHEfET 572
DOIZIE, AEEBZGISEI LTS, KTFOBXE - HE - IIEEREEZZNENL L o200 CBfEL
TW ZEBRETHD. £ I THREIONZETIE, R OEKEBRICER L, BiFziT-7.
i1 D RABFEIC OV TIE, BRI EAEH OFERIC X DR D RGP ~DOW TR, W

XD RT Eo K (Dst-effect), i E T i D> 5 O EBEI 722 H K (Magnetopause Shadowing) 73

ZZ2 B TW5. Turner et al, [2012] TIXZ L5 O RIBEFEIZ OV CTHEESE 2 OBLIIT — & Ofif
B AV TR L, BEAURD FAH TORBARSMNE DT RIT, BERUE DY EME S 2072 B o B AU St i 7
b OIER E Z K< Outward Diffusion 12X 25 b D72 L fERROIT TV D, WARE w6 Dtk
{22 TCIE, Matsumura et al., [2011]<° Ohtani et al., [2009] T/RIZ XN TW DA, FEBRIT SR
HOEZOHEBE TEDOHENR KA TNDENICHOWNTIE, FEHEMORMN S 5.
% Z CAENE, Drift Shell Splitting ®Piw[Roeder and Schulz,1971] % H VT 1 OfEAUE
O DFRFNZDOW T 24T - 72, HEROBKEIIIER R R fgiE L > THY, ZOHhE RY 7
FEORFIIE y FAMEXE, RV 7 M=V R 5. Z LT, EyFAN 90 EIZTWVRLFIEE
WK R EIEWRY 7 MGE L 722 Z &0 6, WRERE D ORLFDHKOFE L L THM T
XYY FABMBNE T T AN D2 BRSNS, 2L TE Yy FASMOEII D B
BE R 2> 5 DA DIERNP I TE 5 & %z, THEMIS 4 @ Solid State Telescope(SST) % W
TE Yy FAHPMOEIIER LRI 21T > 72.

ST DG T 70> B ERE U £ 7 /L TRIERL L 7o UE U OALIE DO NI A~D 7 MZGRE LT
TIARMORENDAE S LD MBI 7 M oA RSz, £ LT, 2009 £25 2013
FOSAFEROA N2 b EFFHICHITT S 2 LT, BMRBREOMBELEFDOT T v 7 A0S T
% Loss fHICHARIE IO DB T DIHKRDOMERNAZ T IAGHMPALENTNDEEZLND
Shadowing FEIKIZIZRIMRMER R oD Z LRz, L LENRORELOMENSIX, &0
HRIIHKE RO OHERZET TIERBATE RN L b bh o7z, ZORIZHOVWTIFARI DA
LR 24T 9 TETH 5.
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1. Introduction

HER D EA MG, TR F =D E R
RSN TWDLHEENRH Y, HEKZ I &N
— AR D HSBR A & T D BEIR A TR L T
W5, AREE, & BT &
7 bAc kST e b UBERARIC ST B
B, AERFFER S L LT D DIXE T OBk
W CHD. BT OREIE, Av v MH
e XN 2T 7 v 7 A0 iE A
B2, WRIOWNH &MU S & D 2 EAEEIC
DPNTNDZETHLD. £ L THIEE TOF
T, FHIAFIIMKEAOBRIC KR E S Z#T 5
ZERFmBENTWS. [e.g., Millan and Thorne,
2007]

ZOEEX, EANIITETOOHEKERE -
ADINEE R - QDB DOFHFNAE VW TIRE D.
[Reeves et al., 2003] =L T, TN FNDEH,
R o w Tk, EMIC ¥ # () <
Whistlar-mode chorus K #E(, i) & O #EkL
+ 1 H E H [e.g., Miyoshi et al., 2008;
Summers et al., 1998]<° Pc-5 # D 7 1 — 3L
ULF ¥ #EhGi, iii) & O g {EA[e.g., Ukhorsky
20091, #EUPE S E 2 b O E R 2 H A
(Magnetopause Shadowing : MPS) () [e.g.,
Ohtani et al., 2007] , WriEvhRiZ X2 7T
® 14 & (Dst-effect)(i)[Dessler and Karplus,
1961 EZEZ LTS, LM LN, EKO
E#E LTIE, ZhbOLBENRRS M E
DESTWVDHIZORENEHEL <, RIEEEWIC
TR SN THRNE NI DORBIRTH 5.

Z DML U s D W B 2 PRS2 721
%, ENETNOLEEFBRICONT—D0E D%
MERICHML TV ZENEETHD. £2T
B2 B OHFZETIE, FrICIHFBRICER LR
DI LD, EBET D E BRI D

et al.,

RO RO E HIFL TV D,

TR R - DTE R FRIZ DV TE, AR
O BB RENAZEZ SN TS, ARIOF,
72 H OEHTTIE, FRICBRUPE S 2 b DIERIC
R LTI 21T - 7.

MPS OJeATast & LT, B MPS 7R
L CTWbHoE LTiE, Ohtanietal., [2009]
IZ& %  GOES OF —#fighr=° Matsumura et
al., [2011]iz & 5 THEMIS #2 COfENT, = L
T Turner et al., 2012 |2 X 2 #5445 T OfENT
FERNET NS, B TH Turner et al., 2012
TUX, BEEE R O~ & WA E R s b O
I & Z i< Outward Diffusion 23 FFH T D
ERHKBRETH D LfmL TS, LR
BE, MPSIZ X » TEFBHE L TS EEFIX
BT R ST, 72, B M
NHDOHEKIT EDOMEIE TRET L2010IZO0N
THHRTIE DN -> TRV, 2 2 THENI
SNBSS D DVE R O 5B O B Al 72 (2
Drift Shell Splitting [Roederer and Schulz,
1971 D #GG 2 .

Drift Shell Splitting & 1%, W5 D IEXIFRIE
WX VR CHES R 7 F LIRD TR FTH
E T2y T A %R o TOIUEBIERE B O
FOREDITHESTZRY 7 M2 ZFHFOL NI b
DTHD. HM1IFHAT, HOWART AT
ALTWHRFNE Yy FADENTERMETR
U7 FLEBICRLTZ =/l &5 0oz
MHLZNERLTELOTHD. K106 HTH
NDHEINTE Yy FAD 90 FEIZIHWR 11X LB
I CTHIER DN BN L2 D, LIohd > THREH
B R OB A 5 T <, BB S B O
KA OWEPE L, 2RSS Ly F
Ao DB E UTERITANZ 7 F A 5340 D3
LD ZEBREBIND.
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1 : Drift Shell Splitting [Roeder and Schulz, 1973]

DX FTIUAE, YIab—Va
ZAIZHBNWTIET TR IN TS, [Saito et
al.,, 2010] L2 L7Zend SEIAIIZ R L7 fliT &
2. £ ZTAENE, £ THEMIS #EO
KRR D 7 T v 7 AT =R Ly FHT—
SN T, BERESTOmT LT —E
DIH I & AR it 0 52 B O R 2 B R IR
AT 7.

2. Instrumentation
< THEMIS f# 2
The Time History of Events and Macroscale

Interactions during Substorms(THEMIS f# &)
1X2007 2 A 17T BIZFTS BT oneTr AU D
DR TH 5. [Angelopoulos, 2008]
I HERIEAY 470.0km, EHLAIEA) 87330.0km
& HUER D U RS D3FAE L T D PNEBRESUE
fEIk A D AN— L TEY, & 5ITHEBRA R
160ETHHZ ENDLE Y TAKMIZONTD
2L DIEREHFD Z ENTEDH. F£72 Probe-A,
B,C, D, EQSEOMENDLY, MWKRITEL L
TWHZELRFHED1IOTHD.
HRICHER SN TO LB IC OV TIIULT
DEY THD.

Electric Field Instrument (EFID)

Search-Coil Magnetometer (SCM)

Flux Gate Magnetometer (FGM)
Electro-Static Analyzer (ESA)
Solid State Telescope (SST)

B LR TICBE L Coo—il 0 OB R I3
HEnTWs, ok, SEIOMEHT TEIZHNT
W5 D% Solid State Telescope (SST)D&E 1 F
Y X NVO T — % ThDH. SST X
30.0keV-1.0MeV O XL F—DEFDT —H
HAN—F 5. L)L s 300.0keV LI oD
BLOT—HIZONWTIE, BZR VX —FELD
AL EIFR—Ta O ERDHLTDIZ, Al
1%, 293keV O R LX—F ¥ XV EfEHL
7z

BT — 2122009 4705 2013 £ TD 4 4F
W<, #E1T THEMIS-E ©OF —# % HCfig
Wrzair-7-.

<> Model
TS-05 Tsyganenko Magnetic Field Model
[Tsyganenko and Sitnov, 2005]
HER S5 O RG 8 K & < Bl 2 AR D BRI,
HERDJE Y 2 KU 7 & LTV DR XM EVR 2
BERGATHIOIC, N7 MNUENELT S
ZERAMBNTWD. LER-T, ZOWE)
RaBET 5720124 BT TS-05 DfESEET v
[Tsyganenko and Sitnov, 2005]% H > T &
O D L*  [Roederer, 1970] % F+5E Uil %2
1To7e.

Shue et al. Magnetopause Model
[Shue et al., 1997]
e BB S 1 > & DVH R OWMFRIT IV TIE, R
Rl S D HIER 2> & OFREEA AR L T< 5 2 & 28
TFTRHRIND. Lo L7225 E B B 5UE
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REONEZET D L1, BfETER20n 2
& DA A XA E R E 7L [Shue et al,
1997] % F W CTHREAUE FL i DAL & O FFEATE 2 1T >
7.

3. Analysis
AR 7 v —% LU FITRT.

D: A4 MY R SDOVERK

(ID: FA > MoV, B%%G) @ Fitting 7
LYy FARMETMERL I 9

(IID: « X hOHIZICET D E Y F A4 D
BAL L 75 v 7 A O kGRS E R
T DBILR &R~ %

ETNENOBBIZE L THELS RS LU
DY ThHD.
DIZDWTIE, R PR St i O 8 O 58 & R
KR DHBE T D720 2 5D A X2 R
Ak EAERC LTz,
(a) @ BEERAA X2 b
(b) = @KBGEEYEA N b

(a) DEEKE D EFIZHOWTIE, Dst F5HEMN
-40.0[nT]% FEISZ LD & L7z,
2013] & HITKRE 22U TILREUE PN 23 i
(ZHELAL, BIRBEMEC e D Z 0D Dst F550
TIFR%-100.0nT & L7=.

bM)DA X2 b ELTIE, KRB EPIyn) 23,
5.0 [nPal] < Pdyn < 30.0 [nPal’>> Dst {558
-20.0 [nTI% FEIS Wb D& H L7z, Dst #5
KIGEEEICK LT EREARELZOL, i
Wl A XU N ERET DO TH D.

INLOFEMFIIMATELITKELITIE, A
v b 3 BRSO A Ry R Z 5 T/
W2 L EARVIPREETHDLZ L &V FfF

[Turner et al.,,

EMA T, ZORERME SN M, ()
34 A4k, (0):36 14X FThD.

(IDIZHWTC, By FHT —ZZHONTIERA
® Fitting 17> 7-.

F(8) = foo sin" () @

FZKirD7 T v 7 A, fooldt v FH 90 FET
DRLT DT T 7 A, —HTEyTFAHTHD.
ZoOHXDO N TvyFMA7—#|ZF L T Fitting
EITO LMD EIICNDOEIZ L > TE v T4y
Ol TE 5. [e.g., Morioka et al., 2003]

*N>0 Pancake %M
*N=0 Flattop 434
*N<0 Butterfly 434
M Pancake Butterfly Flattop
_g- m
[T
A B _C .
0 90 1800 90 180 0 a0 180
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2 1 ¥y FASAOH (Chen et al., 2014)

Lo, N CIE N ER~A T RIZERD
Butterfly 5341 OFEEICER L=, X 3 ICEFED
Fitting O 27~
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X 3 : AT T Fitting O#l, N=2.311 T Pancake 434ii
LT ENDLND. BT R—=TH Y 34 N

180 FEIZKkHET 5. Mt 7 7 v 7 A ThH 5.

(IID T, AD TR D= v F A DA EERIC
KGR DHNR/RT A =2 TS L TED X H 7
BE) 2 T O 24T o 72, K413 2011 4F 4
H 16 B 5 20 HE TOHMICE Z » 7= E K
JAEEA X FOBITHD. EH)H POES-SEM
2 Otk 7y, THEMIS-SST @ 293keV
F v > %/, POES-SEM2 O¥% Fiksy, LA TFH
542X OMNI 7 — % X—2® sym-H, K5
JREE, AE-index, KF5EWGS D Z pisr, ik
\Z THEMIS 2 OHER)N S OFRHEE 72> T
Do

ZDARY NTIX 201444 H 18 H b K
EEEN EH L, 10nPair< $CTEH L=, £
7=, REAE S o #ER > & D % Shue et al.,
[1997] DI A ET LV CHE LI b D& —
% L POES OffiEnkr & & blZ, Rt Trm
v M L72A, ZHUCHERT S L RHIE R L
fET8.04r < FTHIBKIZIESWIZ & D

DAY FTHKENOBEFRED I I
EELTWDINEEZZD-DIZENENDIRA
\Z 2T 293keV OFE T D Flux, N iz L*iZ
DONTHITFTTry h&IToTz. ZORERITX

S5IZRTHY ThyZNENDOAITE 4 2%
LTW5.

5T, Eo2-50KTET THEMIS f#
EOHEZRL TS, ZORNL Z DR
THEMIS I L& MDOE 7 Z—I2nWzZ
EMbMD. FLTEDNRATO N EOEH,
Flux o Bl fEZ LT 2E&o0OKT, 4%
Outbound(#%), Inbound(F)IZ4 i) THERL T
W5,

THEMIS
SST-293keV

sym-H
SARD s
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9F
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7E
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BE
i
§
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0
oF
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B00F

-index
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0 v
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18g :
YANARE
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4 :2014 4 4 H 18 HO@EKBRBIEA N2 b B b
POES-SEM2-E3 O£ h43 & Su model TOREAE S i
O i & , THEMIS-SST-293keV F ¥ > X% /L,
POES-SEM2-E3 O Tk
AE 8%, KBRS Z hi

bbH. Fld4toBmBIIZTNZNES

4y, sym-H f&4%, KB5EENLE,
4y, THEMIS O #iEk & o IR
6 DT — & xfhi

LTWa.

22T, KBBREED L5, WA R o
HKMA~D T b DA R MHIZICERT S &,
A X2 bl (F - KE) TlE Flux 0223 F L
A ERSNIRNINA N ORI, FFiCkE s
RO vy MIEHT S L L*>5.0 DL EofHk
WZBWT Flux B LTWa Z ENRTERN
5.

S HIENEIZ DN TH A X hORI% TNER
AT RACRKRE BN DLAELANMAIZS 7 L
TWDLZEnbns.
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St g N v St bl
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B N
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X-AXIS X-AXIS

Outbound Inbound

N-VALUE
N-VALUE

[log()]

Flux

5 : THEMIS #E0#E (L) &% /32 ToO N {4,
Flux OZ{b okt (F - TE). £Go7 v v kOB
1IX 3 DZFNTFROGOTRIHIG L TWD.

ZDAXRY MHIEOELZFE LS D201
Aii# DS X TOBED 2 2 L7z DA X 6
Thb. £/, X6 T, Flux DZ{bzaHnb
LT LT A28, N & Flux OF% /XA TO
Ty MM TA Ry hED Flux %A X
FRTDO D TEHI-72EIEEZ T my FLTWD.

ZO6MNH ARy FOFER, BT O Flux
BB L Z L*>5.0 OFEETHA L Tno Z &,
EHICIE N fEDZ (LA S Drift Shell Splitting
DFERE L TRONDNNE 7T A 5348 OEEN
HERIZEWEIE TEEL TWA Z ERbnb.
WoT, ZNHDORREY ZDA X M T,
KE5 B ENE O EFAC X 2 e E T o HER]~
D7 NOFER, LEBARKEWEEIZBWTE
DO RY 7 IARZABEENZTZDITEL, 5

N Z 7T A 5N B2 S BRI
FEHIE TR T EfFIRT 2 2 &8 TE 5.

ZZETEHHLLHANFTO NEE Flux @
ZACICER LCELR, EHICZH 0ol A X
¥ N CTORKROMEN & BRAES 5 7= OISR 7
AT AT o 7. fEMTICEB W T, N OfEDNKE
<A F AN D fEIE % Shadowing FEIK &
L, N=-1.0 £ 22 H8E LTERLE. &6
MRIZOWVWTHATDO /XA TO Flux 1IZH~T
Flux 7% 30% % Tl 5 4 Loss Sk & EF& L
2. FLTRIZER L @BEEJRA < b, (b)
B KB REN T A X s DA A N NSRRI A &
D EHICEET HCHEE Ui 21T > 72,

Inbound

N-VALUE
4 o -
; :
|
no—!
! ]
i
A
| {/
e

6
Lstar [Re]

tio [post/pre]

Ra

6
Lstar [Re]

6 : A~ bR (H: K, %) OFSATON
B & Flux @2k (k- HB) & Flux OEFHOEIS (-~

¥ MNEDAEIA X2 FETOE) .
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4. Result

7 5B 911E, 3 FTAR LT HIED
L7245 A X b TO Shadowing fEIK (H),
Loss fElik () OFREZRLTz. ZnEhIX7
I E KRB E A X b, X8 TR EA R
b, BolF2onA XU bERLEDELZLD
THD.

10
8r +
I i
&
x +
- L B
, tEe
e
6 unas +
S+ o+
4 e
4 10

6 8
MP Nose [Re]

7 1 EARBEENTE T Shadowing fEIE (),

WOOR) BRI S OALE OBIFR.

Loss fH

10
8,
L . R
| + T e
L ++ /.’ +
+ 0+
6 T PP
| A
‘/’+ +
T
[ +
4 I L
4 10

6 8
MP Nose [Re]

8 : BERJREA X hT» Shadowing I (5), Loss

W OR) & BEAE St i O E O PALR.

10
8 N B
3 +
+ + i;‘# B
5 Lo ﬁ;,
L T ,+—“+ A
TS
. - +
6 toT ey " b
AT EE A+
- +
R
L +
4 I L
4 10

6 8
MP Nose [Re]

9 : ERGEENLE, KR DM A <> hToD Shadowing

i (), Loss Sl (JR) & BEAE S ONLIE O BIFR

CNOLORRITIBE L TROENDMIAE LT
3, BERBE SRmEASERRNC S <o T
Shadowing fHIK ¥ Loss fidik & HERIZUT-S T
<BHEWH Z &, &5|Z Shadowing I & Loss
FEIRICIZZEDN SV, Loss fE1H1X Shadowing 8
BEOVNMETKATLSHENS ZLTHD.
ZNZOWTIE, 5ETHM T D.

5. Discussion

7159 XV, Shadowing fElK & Loss
FIITITEN DD LW IHIRRBEONTZ. b L
IR E N O @ = 1 VX —F T OE KRB G N
e S 2> b OYE R T2 ICH b it TV,
Shadowing fElk & Loss fEIk2 353 L2 — 4
L2 ENHIFFEND (X1 0-b). LL2RAD,
A A5 & 7= 5 B3 Loss fE1%7% Shadowing f8
BT AT RO HIERIE TRATWD &)
DThH-o7= (X1 0-a).
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{a) (b

Trapped

L*{Loss & Shadowing)
L*{Loss & Shadowing)

M.P. Distance [Re] M.P. Distance [Re]

1 0 : Loss i & Shadowing I D RIFRIZ OV T

Z Otr, Loss K D PRI 0O BEIEI T % E /Y
W E SN TV A HEIKCH VY, Shadowing I
L VSMANT MPS DB TIHA LI LIRT 5
ZEMNTES. Lo»L, Shadowing Ik & Loss
P ER E 7o ik MPS 7200 IR 23
MR, L7ed > T, MPS 1T TE bt
HEBELABHE, TORRE L TREOHELEN
BZoTWDHEWNWS ZEWRIBREND.

BEE N O E = RV X — BT OIH KB
WL, 1 ETiE_72@ ) MPS Offtiz $, MPS
12t < Outward Diffusion X chorus <> EMIC
&V o B & ORERRL T AR ORERIC

HRF DREF~D¥E FHENEZ SN TND.

ZD=H, AL THEMIS 2 CoOEFOE
v F 44, Drift Shell Splitting (Z7EH L 7= f##hr %
To72m, AEIOMYTIZMZ, = OMmEK O
BT =2 L OffralAsabEsZ ik oT
K7D TS Outward Diffusion 0¥l %
ITZIXERAG O REROBIRIZ D72 R D Z LR
MrrEns.

6. Conclusion
THEMIS-SST @ 7 — % & Drift Shell
Sphttlng DELEG O K BN O &= R L
— T DIHRBRITI T % Wy 1 R >
b OWMKDOEBOFM AT 7.
fEHT#E R B Loss D% Shadowing D
FCEEEIC A, TV ARITH D Z Lo

o7,

L7228 > TMPS B Tl Em— R /L ¥ —8
BEROTIIETE T, RIX 0 OB KR
DAGLETREOWENG TR &N
TWAHZ EDREINTz.

MPS ICHABDL IV, I HICHETRLF—
B EHASHETWVDZOMWERIZ OV T
SHRELRDBH TV LML TN
TETHD.

. Reference

Angelopoulos, V. (2008), The THEMIS
mission, Space Sci. Rev., 141(1-4), 5-34,
doi:10.1007/s11214-008-9336-1.

Chen, Y., R.H.W. Friedel, M.G.
Henderson, S.G. Claudepierre, S.K.
Morley, and H. Spence (2014), REPAD: An
empirical model of pitch angle
distributions for energetic electrons in the
Earth's outer radiation belt, J. Geophys.
Res. Space Physics, 119, 1693-1708,
doi:10.1002/2013JA019431.

Dessler, A. J., and R. Karplus (1961),
Some effects of diamagnetic ring currents
on Van Allen radiation, J. Geophys. Res.,
66, 2289-2295,
doi:10.1029/JZ0661008p02289.

Millan, R. M., and R. M. Thorne (2007),
Review of radiation belt relativistic
electron losses, J. Atmos. Sol. Terr. Phys.,
69, 362-377. CrossRef,Web of Science®
Times Cited: 87, ADS

Miyoshi, Y., K. Sakaguchi, K. Shiokawa,
D. Evans, J. Albert, M. Connors, and V.
Jordanova  (2008), Precipitation  of

This document is provided by JAXA.



F11mE T BB AR DD L GRS 229

radiation belt electrons by EMIC waves,

observed from ground and space, Geophys.

Res. Lett., 35,
doi:10.1029/2008GL035727.
Morioka, A., H. Misawa, Y. Miyoshi, H.
Oya, M. Iizima, and T. Nagai (2001), Pitch

L23101,

angle distribution of relativistic electrons
in the inner radiation belt and its relation
to equatorial plasma wave turbulence
phenomena, Geophys. Res. Lett., 28, 931—
934.

Ohtani, S., Y. Miyoshi, H. J. Singer, and J.
M. Weygand (2009), On the loss of
relativistic electrons at geosynchronous
altitude: Its dependence on magnetic
configurations and external conditions, J.
Geophys. Res., 114, A01202,
doi:10.1029/2008JA013391.

Reeves, G. D., K. L. McAdams, R. H. W.
Friedel, and T. P. O'Brien (2003),
Acceleration and loss of relativistic
electrons during geomagnetic storms,
Geophys. Res. Lett.,, 30(10), 1529,
doi:10.1029/2002GL016513.

Roederer, J., and M. Schulz (1971),
Splitting  of drift shells by the
magnetospheric electric field, J. Geophys.
Res., 76(4), 1055-1059.

Roederer, J. G. (1970), Dynamics of
Geomagnetically Trapped Radiation,
Springer, Berlin.

Saito, S., Y. Miyoshi, and K. Seki (2010), A
split in the outer radiation belt by
magnetopause shadowing: Test particle

simulations, J. Geophys. Res., 115,

A08210, doi1:10.1029/2009JA014738.
Summers,roederer D., R. M. Thorne, and
F. Xiao (1998), Relativistic theory of
wave-particle resonant diffusion with
application to electron acceleration in the
magnetosphere, J. Geophys. Res., 103(A9),
20,487-20,500, doi:10.1029/98JA01740.
Shue, J.-H., J. K. Chao, H. C. Fu, C. T.
Russell, P. Song, K. K. Khurana, and H. J.
Singer (1997), A new function form to
study the solar wind control of the
magnetopause size and shape, J. Geophys.
Res., 102, 9497-9511.

Tsyganenko, N. A., and M. 1. Sitnov (2005),
Modeling the dynamics of the inner
magnetosphere during strong
geomagnetic storms, J. Geophys. Res., 110,
A03208, do0i:10.1029/2004JA010798.

D. L. Turner, S. K. Morley, Y. Miyoshi, B.
Ni, C.-L. Huang, Outer Radiation Belt
Flux Dropouts: Current Understanding
and Unresolved Questions,

Turner, D. L., Y. Shprits, M. Hartinger,
and V. Angelopoulos (2012), Explaining
sudden losses of outer radiation belt
electrons during geomagnetic storms, Nat.
Phys., 8, 208-212, d0i:10.1038/nphys2185.
Ukhorskiy, A. Y., M. I. Sitnov, K.
Takahashi, and B. J. Anderson (2009),
Radial transport of radiation Dbelt
electrons due to stormtime Pcb waves,

Ann. Geophys., 27(5), 2173.

This document is provided by JAXA.



1A TFEBREES R DT A iR U 231
FHERE Y VAT U L 2014 GEHERR

Van Allen Probes O#lHl5T—4% ZH w7
B BREHENFETF 7 9y 7 AFHIETVORF

KW, R %
A DT 2 Y

HE

BEHBEEIEME TI1X. NASA ® Van Allen Probes ODEEBH T — % 2 F v 2 BABRHE A D L
HBOBF 79y 7 ALBZ2TFTHT 20D ETVHAEZTo> Vw3, BIERETHICHVTW3
SERBECERETNVEZSFEBRICY CED22D, 7. KBRABH T 2 —% (EE., BEE
B/ E sy, BE) LHMBERIEEIE (Kp #8%, Dst 8%, AE %) L oMHBBEKRZARL,
R L=3 MADOFERICOVTRIRTONTI A BEREMEBEEZ DI LT ok, Thb
DEERINF— 7 DAGOLE» S RMEREEBICESEROBETI2ETNVERIELL, L'=56 D&
F79v 7R (2.3 MeV) BABGRZEE - Dst EH0BEEL 7T HODTFT—v 2zHkL=2BACH/R
ETFN, L=4 D&BTF79v 7R (2.3 MeV) BABEEE - GEO EF7 7 v 7 X - Dst EH D@
XOHMOTF— 2 Z2RHCAENEBACHRETABELTCVB I EBghok, 22T, 201249
A5 5 2013 4F 12 Ao BHEZ AL CTETFVORETHI2HE L, Hi 2014 4 1- 8 H O BLHIME
ERHCTTFHRROKRIEZT >, BHMELE PRIMEZ BRI L 2 /5%, MERL Mo FHED
HEAGHNICEBROBAEIB I EoTwEI LB, L'=4,5 2w IREERBECHRET
MIZX ) FHITIRETH 5 Z L BRBRI N,

1. B3I

HER LA O F 22N IE, HIBROBEA B I S @ = 2L X — O BRI X D HIBRZ HRRICE
D PHEAR ISR TR S 0T B, AT I, HUERISGE WIGITICLE U CRIET 2 NAF & | ki
tHED 7 7 v 7 ZADZEAH L WD 2 DI THAES %, BURTRIT Z T 5 MeV = 2L ¥ —47
DEFIINLEHE R OEMABITRA L NIHERE 2 8L 38 2 GRIES D 5, R, ZEpN L B
WOBETHEMT 2 L. ZOFENHIEPIEICE X O HOMRICHEREIRET L2V A IBEEL L
DfEHIN T3,

BRIV DE T 7 7 v 7 AOLBFEFIZ, FISKBEINICER T % 2 4 2 L — 2 DBEAT KA S
%, 22T, BRI TR ROBNE2ZHILE L LS ERACHRE T V2HIE L, ik
i (GEO: Geostationary Earth Orbit) OBERHET7 7 v 7 ADFH%EZ LT 5[1], €TIILVOEMIC
DTS IN TV 2720 2 2 TREET 2205, %2 Hy ORGSR MY O LR
57 ERIGAETE 2 SRR & LCANY 2 & ErikiuE# e GOES 238Ul § 2 BiirE 7 7 v 7 2D 1
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58 s ivd diim e evalid WOk

HoVE - KMl 1 REPPEZ 2 HRETPHIT 2 2 L3 Cc& 5, RSN FHIMEIZY = 79 A + Z2id
LTHEY 7% 4 A TEME I N T\ % <http://seg-web.nict.go.jp/radi/>,

JECF R b O H DR IR ERIRELE X D BRIl 0 L=4-5 furicfiiE T %, Erikig X b PN b
(MEO: Medium Earth Orbit) & M:iZ9 ¥EFRWIED GPS iR A VP 7 LR ENEHA I N T3,
BUE, EBCREDIEM CIET 7 7 v 7 2O PRI Z B 2 IR 2720, FHIE TV 2 LfE
HIEANQIRT % 7= DRI R T2 T 5. AT, PILUEIC KT 2 LIAGOBSHMIET 7 7 v

7 27— % OMBIRHR R, SEREFILOHET kL PHEOKERE R 2 ®/ET 5,

2. Van Allen Probes O #Hl7—%

R O L EEOET 7 7 v 7 A0S ZERHCRIRE TV ZERT 270, FHIZE L LT 2012
9 HITKRENASA 2347 % _11F 72 Van Allen Probes A (VAP-A) 2 1253 X #1172 Relativistic Electron and
Proton Telescope (REPT) Ol 7 — 4% T %, 112, VAP-A/REPT 73201249 H» 5 2014 4 8
HOR 2 FRICBIII L 72 22 )L ¥ =3 2.3 MeV OET 7 7 v 7 A0 Lt (LE-K) ¥4 77 F L LRRS
7uy bERT, Lt¥A 77750 L, #iZa s o OP77Q (Olsen-Pfitzer quiet magnetic field
model) € 7L & Wi O IGRF (International Geomagnetic Reference Field) € 7L % W CTHEE S /-
Licind 2, PHIETLVEMET 2ICHh->oTLfEEZ AL=1f#ic, L'=3,4,5 8L, %4 D LfHIc
45— HVPEORRI T — 8 ZEE L 72, BRI 70y b6k, EF7 7 v 7 ADEEH Y —vp L
HICE > TRELS B STOE I ENTH 5, o A & LT, BEHRT O Lk (L'=4-5) S Al (L'=3)
TR MBE DWW DFER DI L, BEHBATOSMI (L'=5, §Ik#E) <M MR-, § 246
OB T —2 D9 5 2013 FTO T — % 2L ZLEA DT 7V DR RBATIIOHEE I L, 2014
FELRED 7 — % % FHlE 7L OBGEEICHER T 5,

RESP-AREPT elacron 23 Mav oaty aveeage [N

2 3 4 5 6
1910 (s 2 ster MeV) GOES-15>2 MV slectron fux Devel 2)
Al
Al

| \H'M i

0
%1208 201301 201305 201308 201401 201405
Date ¢mony

Phux pom"2

2.3 MaV elecrons at Lstars5
T T T

. sl 1 1 1 L L 1 1 1 L . 1 1 1 1 L
10 10’ 10
212 8ep 2013 Jan 2013 May 2003 Sep 2014 Jan 2014 My 201280p 2013an 2013 May 2013 5ep 2014 Jan 2014 My 128ep 2013 Jan 2013 May 2013 Sep 2014 Jan 2094 My

1. Van Allen Probes |2 1. % L=3-6 ® 2.3 MeV H+7 7 v 7 A & GOES-15 |2 & A 1L#5E EDO>2MeV 17 7 v 7 AT — 4
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3. MHEMHEIER
FIEHEE TV TIE, BT 77 v 7 A2 FPHIAR L $ 24 EZEACHRE T VOFALR L LT, Kb

MR, BRI ZEEIRS R LR Y. KBRRBITED 3 oD KBRS X —& 2 L Tw 3, BN L
HHEOSERACHRE T VEFRT 21Ch72 D). TNETHRAL T3 320 KBE ST X —F I A,
DUNIC2 5, AL RIZ2MIRES O F I E 5. MRESIRBIE RO b uE D 7 7 v 7 ZBHIfE 7 L Hi71C 5
DOWRIN T — & bFHAR OB L L THE T 2,

v OKBEGEEE (SWV), ZERZERMKE O rALRsr Bz) / Ml E sy (Bs), KBABIH (Pdyn)

v AE 8%, Kp 6%, Dst {55

v EEEO = 2L X —2 MeV ML OB FT7 5 v 7 A
ING 8 DODERIZTRTHEY PV A LA THEFAIRER 720, EHEMN T 2RO T2 2 EHEETH
%, T 8ODWRIIF—4 & VAP-A 12X 3 L'=3 (¥), 4 (fka), 5 (K1) @ 2.3 MeV BF7 5 v 7
A, F7 GOES-15 12 X 2t ILiE D >2 MeVET7 7 v 7 A (Hta) & OB Z K 2 12777,

-0.10

Cross correlation with Kp index Cross cormrelation with AE index

00 ¥

01 Ll laba bt batabatatatatalaladad 01

L
Latabatobatadatalatolatotad (Y I |
8

03 1
12 16 20 24 28 32 5432101
Cag Gay

Ladalala ool abad bl aladal _o‘l
8 12 16 20 24 28 32 -4
ug&yl

NS

i
4 0 4 8 12 16 20 24 28 32 10
Vg eve

2. BT F7 7 v 7 A (L'=3 #ifa, L'=4 fikfa, L'=5 /K4, GEO H ) L KB, REMAZMBSEMEALRS M & o, K

PHEEIE, Kp 5%k, AE$8%k. Dst i, #rib#iEi>2MeV 17 7 v 7 A OFHILARBIBI%L

F P edmaeEm L UCHBEIREEMINE EE W2 L 2 LT L=3 KL X EDERE b HRERHED
BOZEDTHD, DY) L=83DEF7 7 v 7 AIEHBEAMLO LIELRED, 206 8 D0HHAR%
MO ZRACHFE T LTI FHITELRVL I L2EKT 5, 2 2 TUTFTIEL=3 MIiconTilhir s,
> KB EGEEE & DB
KB JRGHE LT 7 7 v 7 2ADOMBBED € — 7 0K fEIE GEO (+2 days) T 0.57 TH %, XWT, L'=5
(+2 days) T 0.52, L'=4 (+3 days) T 0.40 Th %, BT 7 7 v 7 AT KBGABED LAH#IC GEO, L'=5T
2 HEg, L'=4 T3 HBRICHINT 2035 5,
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> RERZRMINGS L B

IR 22RO R LRy O ¥ ME (Bz) L &7 7 v 7 A DHBBE O iR/IME 12 GEO (+3 days) T -0.21,

L'=5 & 4 (+10days) T -0.18 &£ -0.22 ThH 3, —/j. FRAMEMES O/ E KT DO FE (Bs) L&

77 v 7 ZAOMBBE O R/MEIZ GEO (+4 days) T 0.17, L'=5 & 4 (+5days) ©0.18 £ 0.13 TH %,

Bz OMBIBIBUIIEE 72 € — 7 3% DIkt L T, Bs OMBIBIICIZE— 2 BB o2, BT 7 7 v 7 A,

FAALEL S D P90l (Bz) SEICZEL L 2dH L. 3 HEIC GEO TN LiK® L'=5, 4 TIX 10 HZ ¥ — 7 12

MAEHET 5, —J, MAERTOFEME (Bs) O EFICHNL TE, 4-5 HRICET7 7 v 7 AT 215

3% 5,

> KRB & AR

KIGEBNTE L ET7 7 v 7 ZOMBSIE. GEO, L'=4, 5 HIEEA 4 0 day ICE¥— 27 23% %, HR/ME

¥ L'=5 ® -0.32, X\»T, GEO ® -0.22, L'=4 ® -0.17 Th %, KGEBENERT 2L L bic, &F

75 v 7 A% GEO 705 L'=4 121 TBIE A AT 2 WHIAH 5,

> Kp a8 otHE

Kp #8803, 2R LM SIGEE 217, Kp R EET7 7 v 7 ZOMBEED ¥ — 7 o KfElid. GEO
(+3 days) T 0.47, &X\>T, L'=5 (+3 days) T 0.43, L'=4 (+4 days) T0.36 TH %, £7-. L'=5(+10 days)

1% 0.30, L'=4 (+9 days)i% 0.32 IcHIBARI%t Dt h v FE=2H 2, BT 7 7 v 7 Ax Kp D LAH#%IC

GEO T3 3 HBRICWM S 2 @A H %, 72, L=4,5TlE3,4 H%EE 9, 10 HED BB TN 2 A

b5,

> AR fE%E DY

AE 850, MIROMBEATRENECEICY 7 A P — 2D E%ZRT, AEREEET 7 7 v 7 ZDMBIE% D

vY— 27 O Kfitii, GEO (+3 days) T 0.45, X\»C, L'=5(+3 days) & L'=4 (+10days) T 0.42 T 3,

%72, L'=5 (+10 days)lx 0.38, L'=4 (+4 days)ix 0.41 ICHEE D H > FE—2BH 2, EF7I7v 7

Al AE $88 @ RIS GEO TId 3 HRICHM§ 2 Iaid 5, 7, L'=4, 5 Tl33,4 H¥% L 10 HED

CEPETHEINT 23D 5,

> Dstfi% e oME

Dst $5503 . ZRIE (1 O il TGN B C FICEAURD B 2 73§, DstEf e BT 7 7 v 7 2B E D v

— 7 O AfEIF. GEO (+3days) T -0.36, X\»T, L'=5(+3 days) T -0.34, L'=4 (+9 days) T -0.30

THsb, £7-. L'=5 (+9 days)lx -0.26, L'=4 (+3 days)i -0.29 IcHEME O H v FE—203H %, &

177 v 7 A Dst i@ ER£IC GEO Tl 3 HRRICHINT 2Hm23dH 5, £/, L'=4, 5 TIE3HEL9

H#EO —BRECcHmY 21m3d 5,

> EHEWUEET 7 7 v 7 A L OB

HIEHEIC B I 2 22V F =232 MeV L EOET7 5y 7 AL L=50 2.3 MeVET7 7 v 7 ZDOHBH

Bk, E—27230.88 (+0 day) CTHIBIRBAIEEICE CBEDS R, Fho, L=4 DET7 7 v 7 A L DM
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BIBI% S ©— 272 0.77 (£0-1 day) THBIRED NS . KFEHOBEILED S 5, FIEPIEDET7 7 v 7 A
DB 1 HAWICL=5CTET7 7 v 7 AHML Fw CEHMAIICL=4DET7 7 v 7 A 8T %,
KBFJAARS T A = REIEWEE 7 7 v 7 A L, £2 D LIEOET 7 7 v 7 AOMBEMFR I, #@EOHE
OIS N RER EMES Y, Lo L a2s, MRS & L=4, 5 OMBBBucR RSN 2EE—7
BFPRL 2o R TH D IERICHRZE  HIRE TG ) I B L 72 IR E R O Bix 5 2 D O U
BrmM#E 7 22 WH L CO W REEEZ R T2, LeLAads, 22 TEFHlE T LVOMERSHETSH
278, 2@ — 7 OYEENEEBHIC O LTRSS HOMEREL 75,

4. ZERHCERETVOHE

L fiti 5 o B AT O A R A AR E TV 2 ET 2 720 AIC (Rl L) shk(2ic o
BT 7 7y 7 A0EHZROBYNCHET 2 2 LN TELFNELROMAADLE ZMEIT 2, AIC X,
MErE TN OMY) I ZF i § 2485 TH 5, X7 A P Y v 7T IAT RIS T A —F 2803 L #H
EEDBEEENEE S, LPLADBS, NIXA=IVLTELLETADEMICHE ) MERL ) A X2k T
AbETLE) D, FHIEICITEEGTE 2 VIREEASICH 256030 %, AIC 13, 20 X)) ZaHEs 2
ST 270 EETH D AIC=-2 (RANBELE) +2 (R7X—=F%) TEBElIN2,

AR model fitting for GEO AR model fitting for L*=5 § AR model fitting for L*=4

B
% g

g ' rees | g |
e =3 8 Mf""’ roetrosrtTiRe e g

$:1 o w s2pogstta T
;.L;i”“:::!”””"" -t s
= > § L=

< 77 <IHUST AT

—e— Univariate

—— Univasiate § | < :"‘ls"“:h § i
g D : ~ w/IMF Bs '
&4 o w/ IMF Bs g - W/ Pressure =3
~o— w/ Pressure 4w/ GEO flux I

- w Kp ) = w/Kp T
w/ Dst w.‘Al)éi =

/AE . w, - I AEi
g o= wi Speed + Pressurc + Kp index § | o~ w/ Speed + Dst index Z | - W 's\m'&r,on-umamx
T T T T T T ! T T T T T T ! 1} T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
Order (lag days) Order (lag days) Order (lag days)

¥ 3.GEO & L'=5,4 DEF 77 v/ A% PHIERL L LE0—ERACHEIFET VO AIC £, 7 OOHALE (KBEGEE, Bt
bEksy, BRIy, BhE, §rEEGEE -7 7 v 7 A, Kp #53, Dst #5485, AE 1540 ZH W60 “AEA CBRET VO AIC, o &

t AIC ZH/NMIT AARDEOZEER CBIFRTT LD AIC OHEESHE,

9. “ARACHFEE TV (PHZLE+HVILR 1) 2ot I s AIC OR/MEZ VT, %4
DFEIRDE TN DY) 2 FHHERZ P72, K3, 7HEO _ZRACHFEE 7L O AIC DRJRRE
B 7oy F2md, “LRETIVIEO AIC RAMED KD 6, Z N ZNDFHIR Tk b AR 2 S R A3
ETE S, HILPLUEDGE . KREGEGEE 2 FHLE & L 72E 70T order=2 ® & 12 AIC 23R b /NS 0,
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2%, THEOMRIFT—% 0T, WE 2 HooKBEEEZHERICHC 258050 - & b EHlZ
BAHBET2ETADNTEL I LD 5, BIEIE7 7 v 7 20841, 8% 3 H5 o Kp iz vk
Bab . BE 2 H o KBEEE & 12IFESC AIC NS WEFLSHEETE 2, T, BURMZ%MmS
Bz & Bs Of/MEIZIIC-ZRACHIFE TV (BIHZERZL L) OR/AME L IZIFEREI RV, DF D EE
172 % 45 D B (3 B ILWUE 7 7 v 2 ADFHER E L TEF A OBAEOR LICH E H A Twuian T
EREWT 2, L'=5 o841, k7 Hoo Dst fi80sm d AIC 2/ S v, Xiz, Kp %, KB5RGEEE
AEfEH i, L=4 0B5&13, #E 8 Hrd DstisUc kX ) AIC S/ E % 2 E T UMMERTE, ftho &
DZER LD S HEBMISGEAEN R V0D 5,
RIZTRTOLREZHVT, kb AIC R/ E % 2428 ACRHRE TV OFHHEROHA G DY 2 FX
7o ZORER, UTOMAEGEDLED AICK/NTROEEEDHVETILE L THEESNG Z LB o1,
B #EPEDOET 77 v 7 A (> 2 MeV)

KB JRGREE, KEZEE T, Kp fi80ik 3 Hoo 57— 2w WEsACRRE 7V
B L5077y 7% (2.3 MeV)

KBz EGEEE, Dst 55 oitak 7 Hy o7 —4% 2 vz =R ChEE 7V
B L=40&ET77v 7 A (2.3 MeV)

KBzEG#EEE, GEO BT 7 7 v 7 A, Dstfifioitak 9 HiMo 7 — 4% 2 w7z EH A blEE 7
s DHRHEZROMAGDLEIE, MEtICPHIZEEZ > L ORI T 2, #REPUEICBIL T, Hifg
SIEBAEBRR L Lick-o T, TRETHWER L L CHA L T2 R M2 MY Bz ICiE b b Kp
BEDHRHES N, Y7 A L —LIHEI BT 77y 7 ZDEHF Bz X b Kp IEBD ST FINA~DHEEED
HWI EERRT, /7, L'=4,5 OFHERICIE Dst fiB0RA S iz, fbiuEic iR T7 7 v 7 A0 H)
D3RR D 75 ORI 1 Kp SRR E T 2 HRE R AT & D RE R R Wb &R % {39 2 Dst fii#k
DFFWETN~NOBMEENE O L 2ERT 2, ET7 7 v 7 ADOMWRICHIFI 2 KGRE L, HikiuiE
ETNVICIRA SN, L'=4,5 OFMHERICIIRHI Ao, JiUd, BIEOEENFHILE X DN
Al D NGB IZRI TRV L2 E%R T 2, F4, L=4 D7 7 v 7 ALH)Z—E DK THIL
TEDZEE) LS 2720, EIEPUE 7 7 v 7 AHWER L L TRAS ATV 3,

5. TFHIKR LRI

AIC DS/ E %5 AR O A G DY DL ERACHME T V%2, 201249 H25 2013 4 12 HO#]
M7 —% 2 HWCHEE L7, ZERACHRREATIIOHE ICIZR/DFEEZ V2, K413, 2014 4F 1
A2 5 8 Ho®illiE (B L4EBHCRRE T NVICEDSHEINLZETF7 7 v 7 20 FHlE GRER)
ZRT, 2070y FWRTFHEOY —F¥ AL L 1 HTH 2, B 7 EaDfd FHIEDEARH, H
DR BHME DS T HIFR AT 2> & D Lo 725G D250 (over estimate) | kD FR IS ELHIE DS T 1
A D & A NS o 7286 D 7E50E (under estimate) %R,
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BIHMEIR S B LR PRFCERMHNICINE > T 5, FHIORHE & BEHIE O X BUE D 3255 D)5
B (RMS) (X, &L T 0.29, L'=5T0.37, L'=4 T 0.27 TH %, NOAA O Space Weather Prediction
gL T v s W IkWE®E 7 7y 7 2 F W o skl
<http://www.swpc.noaa.gov/refm/doc/REFMDoc.html> 1250 & FHIE DK % #EE 3 5 & Prediction
efficiency 13, ##IEPLE T 0.73, L'=5T0.74, L=4T0.80 TH H. L'=4, 5 TH W& & FAHEDOREED
T HIZHEHT T %, Persistence (ZEIEEIE TlX T L A 0.07 &KW 23,L'=5 T 0.37.L'=4 T0.27 Th %,

Center score

Kalman prediction of daily average flux at GEO (1-day ahead)

B B ool bl B B Lo [ 2 En D B G B ———  Observation
2 il ——  Prediction
é one Sigma
& F ——  Over estimate
'é, 4 B Under estimate
g : EWM on - Pers
> ! | Error  Prediction Persistence
27 F (RMS) efficiency
N A Y |
AO B Ty GEO 0.29 0.73 0.07
L'=5 0.37 0.74 0.35
2'....1....1.,.,1....1... L'=4 | 027 080 030

0 50

200

100 150
Day of year 2014

Kalman prediction of daily average flux at Lstar=5 (1-day ahead) Kalman prediction of daily average flux at Lstar=4 (1-day ahead)

R b e e R R R ey e

5°f 5°f :

g F s

8 4wl il ga [l

c

g & ; e o

Sif - S2f B

3 F ; 2 L Jt ]
L = F

Sof i R0 il A -l

[P SR RPN SR EPRPRP P [Py SR PRI PR P PR
0 50 100 150 200 0 50 100 150 200
Day of year 2014 Day of year 2014

4, ZEBACHIRET VICESEHESNIZ 1 REOB 77 v 7 Z0FHIME GREY . PREAZEHE (Yo 28 & EEOEN
fE CRAL . BUE A THIRLEHDH L 0 270> 72858 @ under estimate il (ikta) | FRZEHIIH X 0 D720 12856 @ over estimate i (75

@) Zord, WX 2014 45 1-8 A,

6. ¥t

EHOBEEMIZEHERS T 1. Van Allen Probes Relativistic Electron and Proton Telescope 12 X 2 ftiis
W DBET7 7 v 7 AOFBREBN T — % Z#H\wTL=3, 4, 5 DL ERACHRE T VO EIT> T3,
INSOHEBOET 77y 7 AL, KBREBM AT A —4 GEEE, WESREIRS/FR SRy, BIE) & g
SIGEIE (Kp #6850, Dst 4850, AE #5880 & OMBIBIfRZ TR 7259, L'=3 DIt fEIR & 134 7 22 MBI R 23
HDIEDThot, TNSLDRRINT =5 DlAALED 6| FRlERESAEIC D & SR b#E T
ZEFNERIEL 726558, L=sb 08T 75 v 27 2 (2.3 MeV) 13 KBEGESE - Dst I8 D% 7 Hy 07—
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RV ZARACHE TV, L=4 0&E 77 v 7 A (2.3 MeV) (ZKPBEEE - GEO 177 v 7”7
A« Dst 5% 9 HElO 77— ZH O WERACHIFE T AL TW 5 2 E3gd o7, 27T,
2012 49 H%5 2013 4¢ 12 H O @HIfEZ H T, B0 T 7V 242 L. #i < 2014 48 1- 8 H O BLHIfE
Z e TPHIRT R OBGEE 2 17> 72, BUHAE & HIE 2 ERGEE U 726551, 3% S P HIEO 3R FPH P 1292
BROBIHES B X £ 5 T35 2 L3 h > 7, Prediction efficiency #5832 &, L'=57230.74, L'=4 73
0.80 TH v . [FIFHHOE: ILHE D Prediction efficiency = 0.73 & [{% DK E DO FHIBIEISTT W7,

ZoEL S, HERACHFE TV EZMAGS Z LT L=4, 5 OBMEBRHET 7 7 v 7 A0EH % FHlIT
ELI ol L=3DFHETNMICOWTUE, SHBOMETH D o FHE R, F 72 13% 2 RN
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