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3.1. #EFE=F(NEM: Neutron Monitor)

FHMAT LA ZT 2 FH MO 156~20% 13 P
MrLEabnTnd, HHEFIZ. BEXWICHEDZD
EWNBEEICEA L, EiAARMR., A0S IS Hg o
REE RIET,

FHAT = a T TRV EE S K
RAEMNT 2RI ET 2T L RBP4 E
BEREKTD2RGHETENH D, GBS LT, A2
FHh TG LT 5 A —5A (10MeV BLF) ) &
BEEERNBETD [V FL—va 7y A nNE
(10-100MeV)) @ 2FETY 7T X A LFHIIT 5.

Flo, MBEORBAMIT D720 1 mELIHNTS,
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FHILCEMT D2 LTS R &< s
A, RNy TR REFEHIENEH D8, Y
TNEALTOREATFLF— AT hVEHITH
AMADOLEDTH D,

(a) AF—Hlrf 1€ =% (BBND: Bonner Ball type
Neutron Detector)

Bt (0.025eV) (ZHE D TREEE AN E VY 3He A A
FAKBFHEORHETICL D &S AAD BT
HTEZTOMOEFBRICLAHE D EmER2s 2
LERFIHLT, T oOLEZRMNFT S, THETFO
TANF = AT b T AT BHEOEGAKEREA (R
VxFry) zHvw, ZRo0REIICLDINEHED
ENHHFT S,

fERE Bl kL ¥ — i PH :0.025eV(E M 1) ~

15MeV
Iie K EFHIRL 7-%5:1 X 104 count/sec

(b) 77 AN—Tiky =% (FIB: Fiber Type
Neutron Detector)

RHEWEHZL THALTOREY YT L—v 3 v
T 7 A= (16X16 K) D& 1 v 2B BT DR
ME~LFT ) —F7Fx b= TEML, FORENE
ERBF T M S T O =R L F — & AR F W& HEE
T5, FHETEHLTORBIZ, RAFEOL L F L —
Z DL O FER G (R F1X. w0~
CFL—=FTRNTD) EELHILITEVITO, hE
T EHTORBIZ, REOEY (FHETIXLIA, T
X2AK) I2LvirH, [3]

B R L X — i P
15~100MeV
e REFRI 0 > k% 50 event/sec

32.E A 4 » 8 | ¥ & (HIT: Heavy lon
Telescope) /7 7 X ~ & | % & (PLAM:
Plasma Monitor)

(a) HA A BLHEEMHIT)

FHBEEH OB TS OBEBE, KAKESS AEO
WROFRKR D 1 >ThLEA A (Li~Fe) DR 5l
ITRNF—rhie v ) a kAR TR S,

2 K {7 & # H %% (PSD: Position Sensitive Detector) .
Je OY 16 Ko =38 R f H 812 A B U 7 T BB 11 L A B
WL D= R F =R B L2 B2 oS R %
BT D, HITIEZZhERMMA L., %% Ot ToH
Ko x N F— RHOBREEHENTEIE LR 71220 T
FEZRAX -2 T2, ooz X —L K
HBETOELZ R LF—nDH AEXE JBICL Y EHEE
AF L ORTFRBEIT O,

A%
B 1 ; Li~Fe
Li ; 10~43 MeV/nuc
C; 16~68 MeV/nuc
O ; 18~81 MeV/nuc
Si ; 25~111 MeV/nuc
Fe ; 34~152 MeV/nuc

(b) 77 X~3FHlI%E (PLAM)

FHEOHESCKEORINE 25, FHEMTZ X
~DEBELEFRESE LT VI a—T « Tu—T1k
THH %,

{4k Langmuir probe

High Gain: -0.2u A~+2u A
Low Gain :-0.04mA~+0.4mA
Floating probe

High Gain: £5V

Low Gain : =100V
3.3. 8 K ¥+ & = ¥ (SDOM:

Monitor)

FTH S O 72O OFH A BT 7 L OERR - TH .
BANBERERIERLOFHRQUTROLMET — 2 F L
LCELS. B, el O R LF—RAXT ML EGE
W5,

PHEABHB IR E Y FL—F THERKSLTW
Do AHPRL O = R VX —ix, 3 F D= ER R &
VCINEZRBERITEbDEIRAZHDLTIATF v I v
YF L= TEAT D, R RNE L AR O RS
DA EDLEICL D AEXELIZE VT,

Standard Dose

i1 T %L X i PR ch
Electron  0.5~21 MeV 7
Proton 1.0~200 MeV 15
Alpha 7.0~200 MeV 6
Heavy lon ID only 1

34. R F+WRERFEE=%(AOM: Atomic Oxygen
Monitor)

TR B FE . FEFITIEMEE S m v & . BV RS
BRI EE, BUH#EICEEL 52520, FilR
RETNOREKET — 2 LTHMEITS, I—AFR 7
SUIVIENRAFRBERICL 2z —Ya itk 20
JEENELL 2%, ZORSOEERIELILE LT
T (T2 F s A—2FHFX), EHOE LR
RBEEO TNV 2ADT =7 NV EREANICHEL TEL
Tl FEFRBEO TN R (RS T T v T R)
Z 39 5 [4].
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B
3X1017~3X1021 atoms/cm2
4y fRHE: 3X 1017 atoms/cm2

3.5. & ¥ ¥ &h 74l 2% & (EDEE:
Evaluation Equipment)
JEM(ZIEO)CTHEH S ETHBHOP T, A7
LAEFEREBELEZOLND LD THDRFEHBROEZIENH
LZELHMICELTC, B Rk T I Ry
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Lo, M REEMEBRAERE LY T S D A
R E OB ATV, A RREEE O TR 7k o m BicE
To, VI NARY NEGOREIT, RET—FD
— IR IR R OERERO B\ EE=4 952 LI

QU Fan i ARSI

gk - B E T N A R
Micro-Processor Unit
MOSFET)

Electric Device

( Memory(1IMSRAM)

(V70-MPU) . Power

3.6. /MK FHIEEBRIZE /M BREEREE
(MPAC&SEED: Micro-PArticles Capturer
and Space Environment Exposure Device)

(a) UMk 748 F2 B4 E (MPAC)

EMICRKT B, 3700 %A Xh6 Y H A4 X0

ATFBA RROAN=2AF 7Y ([aXI vy 7 ¥R

Ml EbWwd) o% A X ME, RO, KT M,

WRMEED M E#E L., FTHEREET VO RHL

WCET L LI, FAFHIYAT LA, ALEEITHE

AT 288, MEtOm & 2 MEFFMBENEom LIcE

T5, VIIET VoML MEMER T, &

A b L, MR SN EHEL N EHET X

X — A DNOREKTGT A, MRS AT O, £z,

BT — MRS IREN S WEME - e

VX —F LT ST D

(b) M EhEEEFEAEE (SEED)
FHHAMBOMFHEEEFMO —BR L LT, £F
B BRI K DR b 2304 U 5= o BR B PR AT
flitefiom EicE T 2 &3, EFHRERE T — 4
DEB., NILFESO 70y 27 h~ORBREIT I,
TR TERNCFEHAME A FHERRICRE
L. B S 72 #4080 Rt 2540 %5 o 1Al 2 17 5 . SEED
R EIREIC O W T, Al IC X o HEEEE ST
F—AIZ LD, BT IABOREKRREZIT 2,
MPAC&SEED %, &% #t= = > K (ORU : Orbital
Replacement Unit)ft % & v . FH M IAE S (EVA :
Extra-vehicular Activity) (2 CREIULHI K 535 & LT

50

4. RAITER (VI —VER) HE

(1) A F—gkA ¥ T1E=% (BBND)

BBND /%, NASA OKIEIZ LV, Fhk 10 £ R ~L—
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FUEOML I EAREEO T — 215 HICH B 72 R 15
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(2) MR EE Je OVH/INBL 14 28 92 5%

BORER §F M OV N R 7 J M S2 800, Rk 13 45 10 A
NH3ROF —EELEZT T EY 2 — /L DOIEEZIEE
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ejecta DI R EORENE ST 5 [5][6].

5. SEDA-AP O ¥TH EIiF & #1# A
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TH, ZOZICHOVWTEAMCEY Mo L# %2 € =
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Penetration occurs above the penetration curve, and no penetration occurs below
the penetration curve. The curves indicate that the stuffing shield protects better,
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WARIEA(JAXA)
OdtiE== A (IHI, JAXA)

Background (1/4)

xamples of hypervelbf:? ' 1/ pact experiments on electri
| power harness of satellite |
Power supply | Projectile Proje'_&tile Impact velocity | Result
material diameter (um) | (km/s)
60V/2A Al 600 3.97 sustained disruptive discharges
100V/3A Glass 500 4.35 sustained disruptive discharges
100V/3A stainless 300 4.01 sustained disruptive discharges

Before impact
Reference P

(published by JAXA, 2008)

JERG-2-144-HB001 'JAXA Space Debris Protection Design Manual Appendix 2

After impact
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Background (2/4)

Model description Inclination 100 degrees ~
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0 0 0
E-3
g g g
;
/'.

>1m CRDERZO00 ——
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Altitude [km] Altibude [kn]

Technical issues egarding dust part_i:cfs
(meteoroids & space debris) of approx. 100
micrometers to’'several millimeters in size

1. Depending on the size, impact may
damage the wire harness and other
equipment

2. Space debris flux (number ) for the
size range not well known

4
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Detection principle for new type of active dust sensor

(QPS dust sensor)*

Objective: To measure the dust flux
for dust ranging in size from 100
micrometers to several millimeters.

Detection circuit

QPS dust sensor**; a thin layer
(film) of nonconductive material on
which multiple thin, conductive

strips with a fine pitch are formed.

A dust particle impact is detected
(a)Detector Strips on thin film When one or more Strips are
severed by an impact (perforation)

W=kl |~

(b) Strips severed by debris particle * QPS: Institute for Q-shu Pioneers of Space, Inc.

Fig.1 Detector concept ** Patent pending

Study results for FY2008/09

1) Prototype models successfully manufactured. 4
Strip line width: 50 pm; Pitch: 100 pm; Material: AIum_i[I'iﬁ' 1
Film thickness: 12.5 & 25 um; Material: Polyimide (PI)

2) Hypervelocity impact experiments conducted on the prototypes
Breakup signals detected.

Technical issues remaining from FY2008/09 study:
® Problems concerning design and manufacturing
® Parametric survey not performed.

Objectives for FY2009/10 study

® |Improve of stability of sensor performance

® Evaluate sensor performance by hypervelocity impact
experiments

63
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Sensor prototype (FY2008/09)

Sensor film ( 10 cm x10 cm)

zi

Detection circuit unit

/4

® Stability during sensor performance evaluation
Loss of film’s terminal area progressed with

time

® Yield rates for sensor’s conductive strips

% Up to 50 %
® Uncertainty regarding data (severed signal)
discernment
Caused by use of analog circuit

® Mass of data acquisition circuit
‘Total mass: 470 g (without wire-harness)

Summary of improvements for FY2009/10

® Small, fine-pitch connecters are used for terminal
area

® The film was divided in accordance with the width
of the connecter.

® Cu coating adopted for strip line material

® Digital circuit using MUX adopted for data
acquisition circuit

Sensor films
| Circuit units |

Sensor unit (sensor area:10cm X 10cm)

Detection

Stability during sensor perforr
evaluation
‘ No loss of terminal area.

Yield rates for sensor’s conductive
strips

% 100 %

Data (severed signal) discernment

‘ Signal discernment certainly possible.

The mass of the data acquisition
circuit

Total mass: 160g

Total mass of sensor unit: 160 g

Sensor material: Cu-coated
polyimide film (t=25 pm)

cf. FY2008/09 model: 470 g
(without wire-harness)
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Hypervelocity impact experiments on sensor
(February 2010)

Prototype dust sensor
H Vacuum level: <5 Pa
Temperature: Room temperature

Two-stage light gas gun (ISAS/JAXA)

9
(JC C O O1'10 (J

Environmental Vacuum level (Pa) <5
conditions

Temperature Room temperature
Impact conditions Projectile material SUS304, Glass

Projectile diameter 50-516

(um)

Impact velocity (km/s) |[1.9-7.0

Impact angle (° ) 90

(vertical to sensor surface)
10
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Example correspondence between
signal and perforation hole

on sensor surface

T T Projectile: SUS 309 um
Impact velocity: 4.65 km/s

|—|—|—|———|—rﬁ—

Signals of perforation holes

11

Experimental results

- Projectile dia. vs. Perforation dia. -

de
Q700
£600f Dy =551D,"" $
e (r=0.99)
2500 i B
=400} “m
S E
©300 - 7 =
®) +SU
200 g
s uGlass
5100 §
©
8 0
0 100 200 300 400 500 600
Dia. of projectile (um): Dp
SUS and glass projectiles travelling at 5.2-5.3 km/s 12
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Experimental results

- Projectile velocity. vs. Perforation dia. -

ap
LR

300
D, =9.82V, + 360.4
200 ¢ (r=0.46)

100 |

0 1 2 3 4 5 6 7 8
Projectile velocity (km/s): Vp

SUS projectiles with diameter of 309 um

13

Experimental results

- All data -

All experiment data

600 -
o
9; 500 | Dp=1.39x10" D'
€ (r=0.98) « N5
=
g 400 i
.§. 300 L
a
g 200 DyMaximum) = np+ d+p
=l Dyivinimum) = np+d—p
0 ; . i . — : Dy dia. of perforation hole
0 100 200 300 400 500 600 700 n: number of severed strips
Dia. of perforation hole (um): D,, d: width of conductive strips

' i - S— : pitch of conductive stri
Dia. of perforation hole vs. Dia. of projectile P &' “oneHeive SHps

(n: number of severed conductive strips)

14
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Experimental results

- All data -

700.0 I" “l aP(Maxr’mum} = 1.39x10” (np +d+ p)l.ZB
5 | ,--. PR e 1.28
= 600.0 i.__-‘ Dpnominar) = 1.39x107 (np + d)
E
3 I"l
;é' 500.0 |- ' '.ll' DP(Minimum} = 1.39x107 (np + &= p)lhsa
‘a "= .-“
S 400.0 - =
< oy bl
5 300.0 N
S bed : 'llll ; -
B 2000k ™ Detection of debris
g . I » size and measurement
7 1000 ni error accurately

' estimated.
1" |l

0.0

II I"Z 3 4 5 5

(n: number of severed conductive strips)

15

Study plan for FY2010/11

. 1 unit are: 35 cm x 35 cm
® Space proven manut/ cturfe methods and parts

2. Envirment tests on a BBM model
® Thermal-strain tests

3. Conduct hypervelocity impact experiments on sensor
® Oblique impacts

4. Mission planning (case study)
® Effective measurements using small satellites

16
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QPS dust sensors
mounted on surface
of MLI’s first layer

Debris patrticle

7

Improved prototype'mdd(él of QPS dust sensor successfully
manufactured.

@ Stability during sensor performance evaluation: Stable
@ Yield rates for sensor’s conductive strips: 100%

e Data (severed signal) discernment: Certainly possible

@ Total mass of sensor unit: 160 g (Sensing area: 10cm x10cm)
cf. FY2008/09 model: 470 g without wire-harness

QPS dust sensor performance evaluated by hypervelocity
Impact experiments

® Projectile diameter estimated from number of signals from
severed strips .

18
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RERRUCHTDBRRRFIHEES

BEEE+, RRM— (dLEEXTF)
MEAE <z GEEFHZE)
WAET(BRIFXE)

mLEH(RRXF)

km

lonosphere Thermosphere
" T T Y RS T | T -3 T 0 S T T T
1000} = —1000
500 —1500
i 1. E
300 —1300
250 gzso
200 4200
E N (o) N B
150F TSRl : Jis0
Ioo:-_ 1 U () e 1 lO L P . 100
10° 10° i0° 10° 10° 10’ 10® 10° 10 10" 10"

Number cm >
Fig. 1.2. International Quiet Solar Year (IQSY) daytime atmospheric composition, based on
mass spectrometer measurements above White Sands, New Mexico (32°N, 106°W). The helium
distribution is from a nighttime measurement. Distributions above 250 km are from the Elektron II
satellite results of Istomin (1966) and Explorer XVII results of Reber and Nicolet (1965). [C. Y.
Johnson, U.S. Naval Research Laboratory, Washington, D.C. Reprinted from Johnson (1969) by
permission of the MIT Press, Cambridge, Massachusetts. Copyright 1969 by MIT.]

Although the ionization rate is <104 in the low latitude thermosphere,
the dynamics of the neutral atmosphere is strongly controlled by the
plasma.
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Global Change of lonosphere

Global Worming / Global Cooling

F2 Layer Peak Height Anomaly at Sodankyla
T T T T T

h’F2
(1OLT-14LT)

Height Anomaly in km

1 1 L 1 1 1 1 1 1
1960 1965 1970 1975 1980 1985 1990 1995 2000

Fig. 1.The plot shows the monthly median hmF2 anomaly (10LF14LT) at Sodankyid (68°N,
27°E), 1958-2003 (thin line), with the 11-year running mean (thick line) and the linear least-
square fit (dashed line). The trend is -0.41+0.04 km/yr.

Ulich and Turunen, 1997

72
This document is provided by JAXA.



%7 0 [ ER s

URT UL

AT i AR

foF2 (MHz)

(km)

h'F

lonosphere over Japan for 60 years

T
Wakkagai  +
Tokyo x
,Yamagawa + |
Okinawa =
«AL( 2 .
. « %

atda ,

1 1
19801111 1990/1/1 2000111

Year/Month/Day

Day (10LT-15LT)

1
1960/1/11

19701111

10~20kmD EHRESEFHL =

foF2 (MHz)

HF (km)

a
°gon a

og

£o, a |
%2, »" -

g 8.t

) -

by o Y r B

g8 epo ®
ixoa

T
Wakkanai

Tokyo
¥ Yamagawa
O kxnawa

» ey
ok
t‘:
%«”
o
- ke
R” e < Ao
¢ & 3
i %&
PR
P
L

I
1960/1/11

~100kD BB XKKEE R

|
1880/1/1
Year/Month/Day

Night (22LT-3LT)

1970141 19801111 2000/141

l

Longitudinal Structure of
lonosphere

73

This document is provided by JAXA.



FHIM 22T TEBR FE AR A EE JAXA-SP-10-013

0000-0200 4 1200-1400

0200-0400

0400-0600

Latitude (¢ N)

0600-0800

£
=

0800-100( F 2000-2200

ave s g

2200-2400
. - . % g
B

" Y

g

60 0
180 -120 -60 0 60 120 180 120 60 0 60 120 )
Longitude (° E) Longitude (° E) Lin, 2007

Figure 1. Temporal variations of the four-peaked longitudinal structure of integrated total electron
content between 400 and 450 km in 2-h segments. It is noted that the color contour levels are varying in
different subplots in order to clearly show the four-peaked structure. 1TECu = 10'? electrons/cm?.
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Figure 3. Integrated electron content at every 50 km altitude interval from 150 km to 450 km altitude observed by the
FORMOSAT-3/COSMIC during 2000—2200 local time period during around September Equinox, 2006.
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a Electron density at 400 km height

Geog. Latitude

b Neutral density at

b

400 km height

Geog. Latitude

=50
—180 -120 —60 0 60 120 180
Geog. Longitude

Figure 1. Distribution of the (a) electron density in unit of em— and (b) neutral density in unit of 1072 kg during

Liu et al., 2009

14-18 LT in the geographic coordinates near equinoxes in 2002.

55

SCIAMACHY Water Vapour: Monthly Mean October 2003
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lonosphere-Thermosphere
Coupling

Neutral Density Anomaly CHAMP Kp=0...2
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Super-rotation of Atmosphere and
Plasma

Wind Diurnal Variation: CHAMP vs HWM

300 . ~10days circulation - -.
Atmospherlc superrotatlon 43 m/s vs 20 m/s ;

—e— F10.7<140

——F10.7=140 | |
~300 - - ' -
12 18 24 6 12
MLT

Average zonal wind between 10 S ~ 10 N. Green line: HWM; Black
lines: CHAMP. Good agreement at high solar flux levels on the night
side, but a 3-4 hours phase shift between two sets. Liu et al.. 2006
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Atmospheric Super-rotation at 400 km altitude
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Measurement of Atomic Oxygen

EERRFEBDERE

= E200~400km:
FEHAT—aoP
EEEEE (LEO)D
FEzTFREMAIE

7 100~ 200km: \
EARIRF DR - B
HopIRTILFERIGICEE

(Banks et al., 2002)
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ELMOS Constellation
—GPS ik - EFIERE - ETEERRBHIGEERIE < 20 M8 Hl—

BE sk (F

HII 2T I B JERAR)

The ELMOS Small Satellite Constellation
Tetsuya Kodama (JAXA)
Key Words: ELMOS Constellation, GPS Occultation, Lithosphere-Atmosphere-lonosphere Coupling

Abstract
The ELMOS satellite constellation is composed by one small satellite and 4-5 microsatellites. The ELMOS main satellite

is a typical aeronomy satellite, however, GPS occultation receiver, impedance probe and electron temperature probe are

equipped for all the satellites. Its mission objectives are improvement of weather forecast accuracy, scientific research

from the ionosphere to the lithosphere and engineering applications of space environment monitor and space weather.
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EOBESNmbITEBY . ABREZIXZh S HER
WCEHRT D5 Z EMa[fETH 5,

3. ELMOS ®E¥FTbHD

HRBI> GPS i « BT - 7 (Rl REE
BIRBEC X D EEEE - hEE - KX - HiE KON
FEIC b 2O R[REF AN B RKKE - EHEE R
WFE R OV R - FEH BRBE O L a9FH & T e
EIRAE Zax oz LN EL TRl Erge =T he pEe

FEIZ GPS HEMZBLIS & 72 DT XA R T UK E U b
WD EF B~ OB S 7z sRRERE R ) D
BWHIERETH D 1IN0 >, EHEER SR, HelE
WE, KRBT, RRERY., HEERK T K OVE
PSRBT D 20 BRI - BRI ZE O JEJE A
HfFC&, FHEREE - @1E - WAL% o T5E00R A
(RN

BRI L RIS O/ NI 2 & R RIS T 2 &
L0 IS ORI, MERER v a D
MO N OFT EIFBESIRIE R OV H-IIA
vy MT EFEESoBnc L, F@EEom L
K2 2 Mba WS SEoo, HBNEOFHELDORE
B OPEK Lot FEH T H 2 LN A[REL 72 D, (Start
Small, Finish Big)

Z U CEAEIT A G HE - K LIEEIATE T
THH, HETMIEE L THAICRE L CTHRD MM
DAREEFEREH L VAS D, ZTORNCITE S, #E
ATEREE A NG T ZRIREBLR & L CYGES L
RN B, BT — X%, BHEE B R
S8 E TOEKOF T - TFEHFIHICE 5 TR
ERAMEEA LTS, BN HERBERIE, WT
NHLBEPEOFHAAME CEBOD L EHEE - ~
VTN EE TH Y . OB ITHAMTAIC
HRRFHIZH A ATRETH D,

FHNE O HERBLI O LB o 27 A L U TES
T HITHIG LWRE ) E s EIEAE A L, MR RTEHEE
HBEELOILFE &V O HIERF F OB 72 2 i 2 R < 729
F—/L JAXA « 7 —/L Japan (KNI L 0 . AAEOF
HBHFE O AR &0 < /N ERE : ELMOS =2 A7 L
—a CORMIFERZ BIET,

BEER

1) The IRl Task group, Letter
SeismoSTAR, Nov. 29, 2009.

2) MM RSB AT RENIAC K 2 HIERBREEEE Sl EL T
BYE, Rk 14-16 SRR AT IR LA HE 2 SR AOATE
e OHEE

3) /INEEfL: GPS HERMEIH DK G T A EREE T HRET
NADREUEOFAT, HIERR R B2 2004
AR EGHEE

4) HAFIN S EM R ER A TIIEERERS 21
PEFC O R SSE, , PR 17 45 A 19 A

5) Liu, J. Y., et al., Seismoionospheric GPS total electron
content anomalies observed before the 12 May 2008
M, 7.9 Wenchuan earthquake, J. Geophys. Res., 114,
A04320, doi:10.1029/2008JA013698

6) Oyama, K.-1., Y. Kakinami, J.-Y. Liu, M. Kamogawa,
and T. Kodama, Reduction of electron temperature in
low-latitude ionosphere at 600 km before and after
large earthquakes, J. Geophys. Res., 113, Al11317,
d0i:10.1029/2008JA013367

7) EH HETMAEORES L BUR, Fhaaw
No.865, 2007
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UTNEA LESEY I 2 —varT—2 2Rk
BILBE 7T A~BER L OB ILEERFBHEDOTH

SR PR R CRIRFFSZRT) . )il w2 (TEHcslE e |
R % (RERFR) . B @ JuiiRT)

S

T BB E e (NICT) I2X > TN TWD U TILZ A AERE Y I 2 L— 3
OFER L F IR OBIINE & O - T E21T o 72, ZOREN LG LN FRIEHE T Z
AV BREB L O IEHREREFEO THTIEEZHEN L, VI 2b—a YO THEEOR
AEIZ DN TR RS,

YTNEA LESE I 2 —ay

2003 LYV, NICT 2L - TCU T AHA LRBREY I 2L —ra UMTbitTnd
[Den, et al., 2006], 1 IZZDOV AT LOWMEEZ/RT, ACE (Advanced Composition
Explorer) 5 i%, HERD S KBS HINCHK 150 5 km BfdL 7= KB & HEROE 13850 &9
T2l RIZHY . KREEROBIAIT — & ZHiEkIZE > T 5b, ACE HEIZE > T
BUA S N RBGEOWEY;, HWE, RE, BEAANNRTA—Z2L LT, A—/"—ar =
—#— NEC SX-8RD 1/ —Fa AL THREY I 2 b—ra rMibhTwnd, Kb
JEUE 2T 400km/s DIEE Z > T 5728, ACE f2iEiE% ., £ 1 Ref CHiEkiE &2
BET 5, LEERoT, YIab—rva VRIS 1 G OBKEORELZFE L T
LEFEZBND,

MRE I 2 b —va CoFRICIE, 3RO EMIEIA (Magneto-hydrodynamics:
MHD) FETFERHWSN TS [Tanaka, et al., 1994], Z DFFREFEL, A 4 L ET
MO D 7T A~ LR Ll L TS HiET, FEMIIZ, 77 A~OEEO K 7%
o TWDHA A OEIESZHE L TWAH Z Lickhd, L, 77 A<t
L7cZ ok, 7T X~ ORI E 2 0 AT K2R K 2B - e, AN
GRS O IREEIGTEIRIC R T 5 Y 7 MEEB R EAE LRz e, £7o, HEEKHR
WEIIZEFNEERRT A —F L 7o T 59, MHD 3HE TIEFEBEMICA A OUifRiE
AW P> TNDENIHERH S,

FlLE Y7 A RE L FLERRAFE

KRN ELIND &, BRERETDO T 7 X~ — bk (B~%+ keV) 7T X~
DEIEHIE RN EA SN DRI EG (BT A N—L - TITRAv AV a
EMEEIND) MREAET LI END D, TOEE, FILHERRAI EIROEF 245N 5 53,
R R OBNITEFRE KA T 5720, FEXmITEHAOFHZERIF L T~ A F A
WKV OBNEFOZENDD, REVPHETDHEMELRE T LENH Y, TORRHE
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BEENFAET DIERIEDN D D,

x@%ma};)?wgfma I
(R, EE. #8. 5 A BT S P

HFBOREMIEEIED ) T A X A DERE Y I 2 L —Y 3 VU AT AOHEE
((&F‘aﬁ URL: http://www2.nict.go.jp/v/y223/simulation/realtime/home.html)

VI ab—va v L BRIk

UIalb—ra UREREBIIGE R & AT 5729, Los Alamos National Laboratory
(LANL) o &1k 37 B2 ## & #1172 Magnetospheric Plasma Analyzer (MPA) @ Key
Parameter & L CAB STV D, A A % (0.13-45keV/e) & & 15 (0.03-45keV/q)
LENENDOWRE (W5 VATRG Y & TRE R OVEIE) % 5 /3 P LTz vz, -
L, BREY 7 A=A T TRV - AV a NIERLTWDS 2D, ¥
2 b—va URERO D L EEUEERPLE COME | BAHTR (MLT) 21~3 REDK
MTOBEINEE ZHWTHE LTz, ZOREK, A F0BHIE X 2 L—r 3 URERITE
BEMICAEE L T Rh o 2[4, et al., 2006, 2008], &iZ, BTOBHEE T I 2L —T 3
Ve B LT AERIC OV TR R D, K212, 2006 -2 H 156 HDOY I 2 b—va UfER

LEFOBIGREREZTRT, MOENTERTLE, ¥Iab—varDENNERLE
01 RIS, BlSNZEBFENS EA L TEY, I ab—ra URER EBIHIFERN
HEBHRLS B> TWDZENbN5, ZOFRRNELTE, EFIET I~ AV =7
a2 DOFE, KB R DRI W BRI KD ER A2 5 2 L h | ERIEER
HENOHBONDIEN EFEEEMNICE<ARLEZERBZ NS, LL, BELE
FEWZOWTIERMNARGEIIRAONT, ¥ Iab—a UV THRLNDEEIT, FLALED

LABI LV 070 RERELIR>TWD, ZDT, BEEZBRHEEZN GG 0.5 fH/cms
ERELT, IEAPOHEFHAEL TROLIBELBHCHONCEFREL KL, 20
fER, BRME Ly Iab—ra r ol BRlSN2EARED LIREZHE L Tn
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HEEZBNDZENy o, Fin, HEELLEBETRED EREN D, HROET VG
HEAZHWD &, REEETE EHEENO PTHEEBEEZROL ZENTE S [FF, et al,
20091,

28868215

14 | electron and HHD Density [/cn~3] j ! LIFINL Al +
12 LANL A2 #*
18 LAHL L4 [m]

1A L7 &

V) omee

geea -

6keV ~ oace -
o0 o W
] -

a - '
6608 a84; 88 ag;e8 12;688 16:88 28:08 aa;e8

B 2:2006 42 A 15 HIZ 4 #D LANL §F 12 (A1,A2,L4,L7) 235810 L 7= & (MLT :
21~3Kf) O, EOEFEE, BRE, EFEHD L FEHEIC, VI ab—a U
ROFIELE EL TALE CREONEE, BE, JENhZERORLE, & T 77 713,
BEZ 05 lem3 LIREL TV ab—ra UHEROENDOHEFAFE LZEE, 2L
— g URERIEL BN ARG RO RERE (8 1K) 2R ThTng,

V2 ab—¥a VOTHEIKEEORE

2006 £ 1 H~4 AI2BWT, ¥ 2 b—3 g UREED 35 49 ~2 I ICBIIN S 5 BT
JES EBFIREZ EORETFRTETWDEONZRAT, Z ORI, ABE D5 E )
700km/s DEE, £ 35 SBICKGESEKEICEZET S 2L L, v ab—Y a3 LTk
5 EEEOBRE OSUSR IR TR 2 BN 2 GEE CEBEL TRELL, £/2, ¥
2l —3arDENN05NPaDE X, I al— g b PRI EFIREDEEE
135 6keV &£72% (M2 D—FTDZ T 7), FILHERAOEFIRED 6keV LLED & &
2, BEENBAT HAERAHEENENELC D B X, 0.5nPa & 6keV & THIEE OMGEE
ITOBRDHIBIAEL LTz, DFEV ., I 2L —2a rDOENN 0.5nPa UL ENLLTFNIC L -
T, a7z B E O FTREME A fIEr L7,

ZIZT, UTFD 4 DOFMEDOTFT, ZOFRMEEMIZT VI a2l —a 07 —28%GE
BL, Y2a2b—yaroTPEZRIELZ, OHDHAOY I 2 L—3 a3 DENNR
0.5nPa LA BT, 72 2%? 35 3~2 FEHZICE 1 0.5nPa Ll L& 2 5356 Qb D
DOV ab—arOENN 0.5nPa LLET, »oFD 35 47~2 KM% ICE FHIREMN
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6keV L EL 22 D868 @OHDHFADY I 2 b— a3V OESHN 0.5nPa LT TH DL, £
D 35 4y~2 Wi IZE FIESI8 0.56nPa L EE 2 286 OO I 2L — g
YOESN 0.5nPa LN Th DA, £ D 35 43~2 KL ICE IR 6keV LU & 7255
& ZORETEOLNEREE 1ITRT,

F1: HOADL I 2L — a3 DEND 0.5nPa LLEEITLL FTOEAIC, £D 354y
~2 FEIZ B S 7z 0.6nPa UL EDE 111 7) & 6keV LA EOEFRIEDT — 25 L 2D

e

/£ 7/1=0.5nPa B 1R = 6keV

YIal—iarm O HE 5 24.4% @ EE 5 4.47T%
J£7)=0.5nPa (&K 3.5%) (&R0 0.6%)
(BEDKI 14%) (7 — % %1 4315) (7 —% % 791)
(7 =24 17677)

YIal—iarm @ EHE :#3.81% @ EE50.3%
J£71=0.5nPa (BEDHK) 8.3%) (2D 0.3%)
(BEDKI 86%) (57— 4% %1 4016) (7 —# % 316)
(7 — % $105493)

R0

FRNE L7288, DFEV, a2l — g DOFENN 0.5nPa LU ETHo>ZFD 35
y~2 BEH#%IZETDOES L 0.56nPa LLETH - =EEIT2AEOK 3.5%THY, Il
—3 a3 YOEAN 0.5nPa LL R TH2Z D 35 55 ~2 B #ICE T OES S 0.5nPa L FTH
STHEITRIEDR 83% Th o7, i~ T, ZNHLOEIGEZELEDLETHK 86% NV =
L—ya VOTRRE L 72D, £2, BTIEHO R (0.5nPa LLE) O HOFHKEEITHK
24%ThHY, OS5, BRE R (6keV LI L) OFHRIKEEIZN 4.5% Th o712,

5% DFRE

SOICTHBEORIEZED D E T LLTFO2 0O T ENH D, 1D B I,
MLT21~3 FEOBLUAIEZ il L LizZ & Th b, B IEHERM . SEEC RV
7 5720, B2 1E MLT23~5 B & COBRMME A st % &35 2 & T, XV Eulc
Vial—valrOTPABEORIEEIT) ZENRTELHEEZLND, 208X, kL
WA 4 » ALEBERZ L Th D, L EMMOT =2 F Wiz i75 2 & T, K
PR BRI L 2 B8 LI MAT S A RRIC 72 B,

ZE SR
*Den, M. et al.; “Real-Time Earth’s Magnetosphere Simulator with 3-Dimensional MHD
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Code”, Space Weather, 4, S06004, doi:10.1029/2004SW000100, 2006

+ Tanaka, T.; “Finite Volume TVD Scheme on an unstructured Grid System for
Three-Dimensional MHD Simulations of Inhomogeneous Systems Including Strong
Background Potential Fields”, . Ggeophys. Res., 111, 381, 1994.

SR R, M, TREREES R 2L —v e Y EMOWEBIENE Y T AV RETH . 3
[B] TFHEREL S VAN U A Gl SR, JAXA-SP-06-035, 2006

<R HER, M, TREERE Y R 2 b —Ya RO E IEOEREREE T - B & OFEEE
fEdT) . B 5 Il DREEREE Y R T T A GG U, JAXA-SP-08-018, 2008

SR OHER, M. TY TV Z A AERIE Y X 2 L= s AR AW R POE TR R
TR, 6 MFHERE Y VR Y Y L) EGRCE, JAXA-SP-09-006, 2009
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K EF
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fE—, AT WY, B 2N Y
1R 1 TS 5 P 2
SR TR TR 2

T LR
A TR

DMERE VAT NEREAIER
3 mEKRT: AAFENRE T
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1. [FC&HIZ
FHEMITE T XL F—DE LT TR S
7RI EN TS, Zhbn S X~vnmh
THEIZRF — ORI IFXFHR &L, O3 L
F— I EET10%eV UL FITET A 2 3 mbn TV 5
[1]. HERIZfETeFR 2 1%, HEROBE AR & KRICE - T,
BERFHBRNPOFOLNTE[2]. Ll 20 fitfkes
LIRS, NEIIRGE S - HERRKES~ L TETh D %
IR, AU FHEROEGBICEH S b Sb L)1
7rofo. BARMICIE, MUZEREICTRE D /G B OBIRF
BAFEFOY 7 FZT7—RNHITF5ND. EHIZHED
FHAT—varpelE R LA ANOFHIEENT
HIEROBR > — K (BEKE) OBRELS TiThivTn
D0, FEkEE SN TV D A - KEICBIT D EHOAF A
Iy v a SCBWTE, FHEBED D O NRREIXRA 72
MEIZ 20155,
FHRNOHE - MEZSFHHEE LTL, &<n
BV OMDOFIEPIRE SN TEZ (2, 3] 23, &V %<
DOHERE X720 o 72, LM LI, A - KE~OHF ANTRIT
DHFENRZLE L TER LB DN LT, ERE
HE£DDHE TRl FHBN O NMEESED Fik (v —
U R) X T8 Tk (passive shielding)| & [BEEHAY
Fi% (active shielding)] ® —iZ3Fbhs 3. %
B FIE] LT, HIERKRED L 9 ITEWEER KA & % 5
FZERIOJE 0 ICBE FEOFHMRNOFL HIETHD. Z
OTFEFFEIIMHHE CH L2, EEXNIIEL VI K
ERREPHY L EFbEDIvar LTUL
BEM IRV TREE TE) IXES 27— b oL
W aio7- b DD B T BIDLN, B EE -
LA A RIS EEFNFE>TRTLEN
L=V ROMREIN T, BIE%NE U572 0B EN T/
V. BRI L7y —L K (BERS—V R)[4] 1L, EE
& LTI BREAE & R I — L oY IS Lo T
BRI T ORAZSHFIETH Y, IWEERSCY I 21—
v a Y OWFERFR N THRE SN (5, 6, 7). #HiIEROHE
He5 70 & O PG Re5 P I R 1 MR T E 7
U R—=F > ROFEIK (Stormer FHIK) NS LD Z &
NHHITEY, ZOEERICEDSWNTRE Y —/L ROH]
REPED #am S 4L Tz [8]. LA L4 Shepherd & [5]
i, HEICHESND A LV TIE, A 2 EER57
SWWGE TEWRE Y Stormer SEIKAEA ST, &5
T Stormer fEILNEAR SN E T H BT 5
TFF—FHIRO L —L RO DT 108[A] LLED

L7721, Kip & & RS c B A CEEFRII A b - T .
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EFITHNERZHNDILERNS D Z & 2 ERFEIC
FUVRLTZ. 2O XD RiRWERIZEBEITN %, 8
G XD NE~DBEEE LR EIND. I HITHRITIC
729, Shepherd & (7] 2 bREIZERB TN D F—TF
WEEZMET D &, FENEITLEATIRSE T, K
UV RNEBCTE D Z LAVRENTZD, EINER ED
R STV, — 5T, 2008 42T hi -
FBk [6] TUX, FH AR L-WE 2B LB T
A= FHOPICHE L TERB T, W-BE» 75
RO TIED /NS [ Tho ThER Y —/V
RELTEHDHERTHD Z ENRBENT. Lol
FBRIHHINDET RN T A—HI/NE72 B DT,
B2/ T A — 2 L ORSIEH 6 TRy, £72
BEHELITONTOD N, KT R X —FHROBLA
N L& SN TR LT, B —FHRIZ O
TOREmMmIT R I T,

BEDR B DI, ETOFHBROBAZE
WS —/V RE R 512132 < ORER S 523, o
FEOTTIIHR S — NV FRRLBENTHLD L E
EThD. £, BKT—/ FOFRIZBWT Y, B
WX > TFHBROBRAD EOREE SN 102 TR
IR LTS 1< ZANRESN 0T 7 a—F
WCRIFTTWHDOHLEHETHD. £ Z TR TIE, AR
KR & ORI RE I A~DH NTITHRIC R TS T
Zhiz) BER Y —v KOS SN S ORFTDT- DD
WM REES Z L2 AL L, Pl RoK s —
NRIZE > TRERVF —FHBORABED L ST
WE « AKIR X2 O FEM A BAERENT 21T 5 .

2. TRAMHFEEDHRE

BAEREHNT 24T D 12 B T2 > T, ABFFE TILBE R A
FWes % 5 A, BRI OEE) 7L A 4 Yk D Runge-
Kutta %% AW TEAEMMT 217 > 72 [9).

FHROEHHER
ERRICE T B FEROEI R, M 7,
% B, W B, Wk m, it q L5 L,

2.1

v q 5 . =
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ZIZT, E = (0,0,0) & LCHRIBFRER N D OFEH
BRI T DIEB ~ DB HmT 5.

2.2 HERNIBF

ABFFE Tl 2 6 LT ReR s — L RO FERO
BAERRAT 54T 5 72010, TG oA AR RAE SH D%
A (3) ORER MR T

_ Qm 711 Qm 72

m 1L xm 3
A |3 47 |r5)3 (3)

T2 TC,Qum VERBER UG- DB, RG> O FHR E
TOMKHRAESNY FLZ2RLTWD. K (3) 1A
RARA-D FEBEN 0 W S IXIEF I D WIEEITh 5
[10].

3. BR > —IL FOIERRHT

AP TIIRER S — /v ROMRE &~ 5 7212, W
KPUGA- DRgeA] & FH RO BI85 S B 7D
= RNIZ AT 2 FHRR O OW T, BiEd A
R 24T o 7.

3.1 &
o [EB O ONLEIXZEHZ i (0,0.001,0),(0,
0.001,0) £ 4%
o FHMIIMAMGR S 2 = 1000.0,—-1.0 < y <
1.0, 1.0 < z < 1.0 ® yz Fic 250000 {2 0.004
bR CELE 3 5

o WIWHEEE & = (1000.0,0,0), (10000.0,0, 0), (20000.0, 0, 0)

DI NRF—2 T 5D

o B Qum 12 1.0 10%* 75 5.0 x 10° £ TE(LEED

o HIRY A X&YA0.01 DERIREL Lr<01DE
TR — IV REEM SNz L HET S

o MEEIZ 0 205 12 F THEZIA At = 0.000001 T
()

3.2 it
Table Hits{b
EBEORE S B bEORE S
RS 100[km] 1000
B | 10,000[km/s] 1000
I ] 0.01]s] 1
B | 1.004[uT) 1

AlEliE, 2 10 XK D ICB M2 IR Ui 2175
o A REE R LIRZEHEEIT), T O3 1070 LU
272D KO 1B BT 21T > 7.

4. BITOHER

4.1 HEOZEIZHT HEEARTFHOEIL
Vo = 10° DA 1T OB X » TR 5K

HEML, =7 &2z 5 LD LTS [11]. BLEbE

TV = 10* O & X IR OB X > TR T4k

T EAEELLTE LT,V =2 x 10* TIZHEFRD

Lo TS Z LR T& 72 (Fig.1).
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ABIRIVF—2R AT AT A

IKAROS : space yacht, photon propulsion

Magneto Sail

Magneto Plasma Sail (MPS)

» Magneto sail by Zubrin (1991)

> M2P2 (Mini—-Magnetospheric Plasma Propulsion) by Winglee (2000)

> JAXA started the evaluation of the Magneto Plasma Sail (MPS)

Space Dipole
environment field
A tew meters

/I

€ Propulsion by solar wind - inflated B-field interaction
Bow Shock Mini-Magnetosphere

Spacecraft with
current coil SIW
&) Artificial B-field ‘
Space Inflated Dipole field Solar wind
flow
Spacecraft Plasma injection
Plasma
Spacecraft T @ B-field inflation
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Application of AMR to PIC

~FTT (Fully Threaded Tree) ~
_ data structure .
l -Hierarchical system of grids is maintained
B Oy pointers.
BB - Cach cell is treated as an independent uni
§ organized in a refinement tree structure
| ather th Conventiona] elemnt of arrays,

Example of
( AMR grid system

e e

4\

[ remrior B parert ||l

":':"‘fEfIEr“del sl
e H Mcell

ell 1 cell hcell

particle | I particle |

lon density profile for
the magnetosphere-
solar wind interaction

FTT structure using pointers enables us to create or
destroy the hierarchical structure of grids very easily

INELS o« TR— ) R &K (1)

75 A= LHEGOBRZ IR U TREREEZ 0K L7,
FEEP ST AP LT A R — VG2 >3RS,
B IR, BHEE (B) ORGWHEBPIMINIZTZE S0 TIE?

Plasma injection

ollle — —f—

Original dipole magnetic field inflated magnetic field

A F 2 LEL FIRITHHT 5,
HAF L ET =< PR, —T5, BRI,
B A3 bR ELTHRIBRFYI 2L —Y a v &R,
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INESS A T — ) LB Z LK (2)

injected electron tw, = 4.52 injected ion

5.08

pinject /LVB - 502

3.05

injected plasma density
(color contour)
magnetic field line
(green lines)

plasma injection

305 -1.02 1.02 305 508
x/Si

Si : ion inertia length in background plasmas

B (ER+EFAR—) D%
[EIkEEIRR & < 21,

R TG NIZ LA EED
“BTEEON X VAT, BORE
D kXY,

coil magnetic field
simulation result

Wiz D mDEAL

TS X ESTRI TS5ATEET2

O/ IILER

)

BRET SR D
cross-field &Eiit

B 5 TS X <2k Bcross-field BiRILY . B2 EHISEENE R
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background electron flow (blue arrow)
and density (color contour)

o (.}E)Iack : low density , white : high density
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F70 FHREVUORDOK RRERIA—5 .4, Fct.19-20, 2010

2.1 ULTIMA x> Y

2.2 MAGDAS/BPMN Project
3. MAGDAS D
4. SEDEE

Figare courtesy of Space Physics and feronomy Section Slide Set, dmerican Geaphy 1/30 1

y N\ ’_\
1. Eﬂi’,(j&l‘%t@;ﬁ) s EF&M%B _
- KEEMSHBETOREE : P

BIRDAEER ut;uwmﬂ /
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BEEE->BRCHE o k
) AT HRILF— . . W
~10'2 MW ,ﬁﬁ
i) KIBREHIRILEY— |2
104—107 MW |
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DFERER ()R
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2.1-1 Annual ULTIMA General Meeting

at San Francisco on Dec. 13 , 2009

« ULTIMA Meetings
(1) at UCLA on Nov. 17, 2006
(2) at Kyoto on Oct. 24, 2007 ‘
(3) at Tsukuba on Nov.14, 2008}

] L
Afternoon sesston to edit the Bylaws of the new organization.

« Bylaws signed by members |
— Membership
— Collaboration
— Annual meetings
— Communlcatlons

2 (Counterclockwise from the front left: Kiyo Yumoto,
Brian Fraser, Peter Chi, Mark Moldwin, David
Milling, Ian Mann, Vassilis Angelopoulos, Chris
Russell; Not pictured: Ray Walker, Eftyhia Zesta)

3/30

2.1-2 Purpose of ULTIMA

(Ultra Large Terrestrial Magnetometer Array)

(1) ULTIMA is an international L £ L
1 1 - ;gfg“i "a. o ‘3",'-';‘-"";’-" AN [T
consortium that aims at 4l 3;:\‘ S @:W 2 e 1
promoting collaborative 2P Ny /}“@ _ j—" " Hiw
research through the use of i !; AN r_a;;#:ﬁ'-_ e
. 1 .*”h—"- v.,,__ Yars 3 ﬁ‘&*ﬁ‘é’,; =g 3“
ground-based magnetic field B SER (1 e
observatories. 2 3 pEd SRS
: i L - HiEn
(2) ULTIMA 1s composed of ) B e g ! ; S
individual magnetometer arrays °| = -_ - R
in different countries/regions. g
(3) It provides a platform for each of them to easily and efficiently
collaborate with other arrays in order to expand observation coverage.
(4) It also helps identify the importance and need of individual arrays to
continue operation or establish new stations in their host countries.
4/30
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[2.1-3. Present ULTIMA Members

A

Kiyohumi Yumoto (Chair)

MAGDAS/CPMN

Chris Russell

IGPP/LANL, THEMIS ground mag.

Brian Fraser

Australian Magnetometer Network

[an Mann CARISMA

Eftyhia Zesta SAMBA

Mark Moldwin MEASURE

Vassilis Angelopoulos THEMIS ground mag.
Mark Engebretson MACCS and AGO
Massimo Vellante SEGMA

Peter Chi (Secretary)

McMAC, Falcon

e More members in the ground magnetometer community are being invited.

5/30

[2.1-4 Connection to Science Satellite Projects ]

« Joint observations by
satellites and ground
magnetometers have
been one widely used
methodology to
investigate a wider
region of the geospace
environment.

THEMIS —Time History of Events and Macroscale Interactions During Substorms

Mg g0 (courtesy of NASA/THEMIS)

&1 s’"“

/
nenmByl
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2.2 MAGDAS (MAGnetic Data Acquisition
Svystem) Network at SERC, Kvushu Uniyv.

| 210°MM Chain | PI: Prof. K. Yumoto

B . e ——
96°MM Chain ¥ oo I~ /. ® /K—]’N‘\ 'T‘?‘mm “:%\A?"\ -
i { ] O+~ 3
YAK

®NoV 3

MAGDAS Il Planned
MAGDAS Il Installed

FM-CW radar ®' MAGDAS Planned

" OO MAGDAS Installed

———— ==

2.2-2 MAGDAS Installation S 08 7 Sl . L.

L3

S
-

Construction

2008, Lagos, Nigeria ’-

2 ;. _"\‘/—Z:
.i;‘ 4

oy
» -
{’
\

Fluxgate
Sensor

Solar Cell 8/30
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2.2-3 MAGDAS data come to SERC in real time

Space Environment Research Center
Kyushu University

Data Management,

Database Construction and

9/30

3.1 Imaging of MAGDAS Data (1)

for Understanding of Solar wind-Magnetosphere-lonosphere-
Atmosphere Coupling system and its environment change

3-D Current System

Solar wind-Magnetosphere
Dynamo Current

Solar wind - Earth’s
Magnetic Field Interaction

Magnetic Latitude

vZ=—~1onosphere-Atmosphere
Dynamo Current

Ionospheric Plasma-
Atmospheric Neutral
Particle Interaction

Local Time

(left) Global equivalent ionospheric current pattern
obtained from the ordinary MAGDAS/CPMN data.

(right) Three-dimensional current system in geospace. T

107
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3.2 MAGDAS/CPMN
Data

Hcomp. Dcomp. Zcomp.

i MGD (56.2°)

SonT———

- Analysis Period: — ! —~— ://w o PPI(399)
1996 - 2007 [ 1 —_— RIK (38.0")
e — _~ ONW (32.8")
45} P e —_N —\_— KAG (26.6")
- Magnetic Quiet 2 ,.‘(N':“ =g S e OKN (21.4°)
Days: of 3 O o e e Lt
Kps2+ - 8. Soxx ‘ —_— MUT (7.7")
z il - GAM (6.1°)
< 15f & "k :—\/ _- CEB (3.0")
. = _— — //\ »—XCJDAV (-0.7°)
- 20 Stations: 3 il g -~ BIK (9.7
(Yumotoet 2 °f 4 -3 _ WEP (223
5 ) _JL -] (- )
al., 2001) 8 W, T gwer _\{A\'\ﬁ DAW (-22.8°)
£ [ 1 b= L/ \{LMT (:36.7")
S BSVg DALY | S " BSV (-38.0°)
‘Hourly Value of =301 " xar o o /1 7 —~— DAL (-:38.I')
Horizontal Sq g i -~ CAN (-48.4°)
Amplitude: 45 1 2] e | —/\—{ADL (-49.7’)
" P : e - ~/ N\ KAT (-514)
E\IH,'z +D} /24 120 150 06121824 0 6 121824 0 6 121824
= Geographic Longitude [°E] Local Time [Hour] 11/30

3.3 Empirical Sg Model by fitting Least-
Squares Method

1. Solar Activity (SA) \
F(SA) = a, + a,SA

2. Day of Year (DOY) 3
G(DOY)=b,+ ¥ (b,;cos27 * DOY + by, ,sin2m * DOY)

i=1

3. Local Time (LT) 4
H(LT)=c, + E(czicos

i=1

mie LT . me LT

12 2 12 )

4. Lunar Age (LA)
mi* LA . me*LA

\ I(LA)=d, + g(dzl.cos +d,,. sin > ) J
S = ¥(d; — X{(t;))%, where X(t)=F -G -H |
d; : observed values, X(t;): empirical model

(See Kakinami et al., Ann. Geophys., 2009) 12/30
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{ 3.4 Solar Activity (F10.7) and Lunar Age }

Solar Activity : F10.7 index € Lunar Age

Solar Radiation :related with UV ionization
Wave Length : 10.7cm (2.8GHz).

Daily values observed from 1947. <‘>
Good correlation with Sunspot Number.

Unitt 10°W /m’*Hz

460 F10.7 Flux(Solar Activity) LA=0, 24 : New Moon
300}
u_é_ 250 ooooooooooooo 'r| ooooooooo 250
~ 200} : —
L 150 .
IOO;M«! ]
OI ..... Lfeeee ceeee I O‘...I. 70
ﬁ%%‘ 1998 2000 2002 2004 2006 2008
Year LA=12 : Full Moon
13/30

3.5 Dependence of lonospheric Currents
oh Season

CeC:0

Solstice Equinox Solstice Equinox Sun
BEE & a XE &9

14/30
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3.6 Dependence of lonospheric Current Density

on Season
External equivalent S current intensity 01/01 [A]
100
60
80
» 80
Zf . 470
5 11|
— T 15 {60 i
=3 S
M % 0 50 Eﬁ'
- Kt
= 5.5 40 —
® >
g N
g -0 §> 3
£ ] T
. 20
10
-60
0 3 6 9 12 15 18 21 8
Local Time [Hour]
ﬂbﬁﬁ[ﬂ#&ﬂ] 15/30

@.7 Spherical Harmonic Analysis of Sq Variatiora

S
; ’V[Extemal contribution ]

Sq variations at
Earth’s surface

71

| Internal contributionj

N
)
/e
J 3 s
............
\\\\\\\\\\\\

N=m+17 | (see Cambel, 1990) 16/30
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3.8 Sg Currents in the lonosphere and Lithosphere

|

as a Function of Solar Cycle Activity (F10.7)

|

1996/01/01
External Sq current system Internal Sq current system

60 60
g
a 40 40
% 20 20
3 0 ’ --———--:\ 0
B -20 7y WA -20
(1] / /, % AR
H P 1

-40 ity ot B -40
a i N
- f i A, < ; -
n -60 A \\\\%év_;’_‘ ", : \\ 60

0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24

Local Time [Hour]

Solar activity factor P: 74.2

Local Time [Hour]

[kA]

=200 0 200

ex
I :170.0 [kA]

in
Lo 752 [KA]

in X .0.44

2000 2003 2006
Year

1997

total total =

17/30

[3.9 Solar Cycle Variation of Sq Current Intensity]

[kA]

500
400

350
300
250
200
150
100

50

1996

Total External Current Intensity

Daily F10.7 [10"W/m'Hz]

2000

111

2004 18/30
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4.1-3 SSDETHE UZ"?M‘IEEHL
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4272 EWBOBAFEO/ANBLEE |
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TS5X2-TI)EIE
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e /zf[ ANKE
KRS epms ——
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21/30

4.2-3 BSEREBOMEEE RS

MAGDAS and ETS VIII: Apr 12 2008

ETS-VIIl [nT]

MAGDAS H [nT]

EWA (Raw)

KAG (x50, Diff and BFP 40- 36005)

5 EWA (x50, Diff énd BFP 40- 36003) Do :
D KAG Raw) ___ §  Sescel g

sl EWA ®aw) D T o o)

_10 1 i ; L ; 22/30
1150 yT 1155 1200 1205 1210 1215 1220

MAGDAS D [nT]
(@]
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J

[ 4.2-4 Main Source of Pi2s |
\

substorm current
wedge

[l
: magnetospheric
Y, "®rnag,fkavity wave
D-comp. Pi 2

plasmapause

@) substorm current

(1) C.urrentc wedge @ tail current disruption

Disruption = @) rarefaction wave
Inside-Ou
inside =» out @ NENL
®Outside-ln Reconnection in
2) NENL high-speed nect
(2) @ dubstorm flow the_mld-tall
current ® braking & region
Outside =»in wedge dawnward

current

Tow major substorm processes

23/30

4.3 Magnetic Anomaly Associated with Great

|

EQs in Litho-Space (P-I-A-L sphere)

|

— ad_oniLatc.
’ Emission ?

Atmospheric s —
erGravity Wave ,

lay
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.t”::i‘z 4.3-2 Taiwan EQ 19 December 2009

HIUE 5 Slangshan

o 0.4 at 13:02:16 UT

Miaoli
a

BeitunTaichung
¥{t i g Changhua
Changhua
2 L .Nantou
Peilieg Yunlin Taiwan
Pcnth d
n-ting/Choul £ Chiayi C\t?
#i 5 Sinying
xan )
KRR 3
éé& Kaohsiung
East” 8
Sanmin

@ Daliao “;
Siaogang (9 /
ng!ung

Ta\(ung m»j'

Huaien
| satin

‘ 19 Dec 2009 EQ

| 23.763,121.6¢

Depth 49 km

The dlstance between the Epicenter
! and the HLN station is about 20 km

Balintang)lslands

4.3-3 Geomagnetic Data (HDZ) at HLN (~20km)
and AMA (~900km) Stations during September 2009

4 Geomagnetlc data (HDZ components) nT recorded at HLN(Red) and AMA(Blue) stations

3542710 , : ‘
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4.3-3.2 Geomagnetic Data (HDZ) at HLLN (~22km)

Ratio ZPc3 /HPc3 (10 45 sec)
o o o =
-~ [=:] w —_ .

o
™

and AMA(~900km) Stations during December 2009

3.54
3.538

244

2438

— 2.436
e

N 2.434

24321

247

10° Geomagnetic data (HDZ components) nT recorded at HLN(Red) and AMA(Blue) stations
h I I T EQ I
S\ J\ Al 7 |
e ’*ﬂw\m M Vﬁ}‘ \,!*v MMVW\MW‘" , WW WW\ %M oy Wﬁ
[ | | | EQ AR .
}J‘ NN NP AV N W a)w'l e‘wﬁ j‘P‘J ]‘)1 W] N~ tj el P /\f\ l\\f\vﬂf iy [M e
e LR R RS s aa AN N ANA AN RN
f —— *
n Ny ¥ ‘ _
200 pon PO P SRRRA K R s
AMGA SN ARERAAA R A s “”W\f ai fiinsan
0 5 10 15 20 25 30
Days of December 2009 27/30
4.3-4 Hourly Averaged Values of Pc3
Polarization Ratio (Z/H) at HLN
(Aug_- Dec . 2009) Takla et al.(2010)

The polarization ratio Z/H for Pc3 (10 - 45 sec) at HLN

Months 2009
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45 FLH

1) KIGEREEEHIBRBR BT L
— b L7 B E
BLATFE

—p HHEFZ~DREBR

“Living in the Atmosphere
of the Sun”—

KB REEEED]
2) 2R AT S TBLR
FEDRF LR E DR

* NBJRY R — 7 TE AR
Living in the Atmosphere-of the Sun
What is the forecast for the next solar storm?
Astronauts and many people on Earth need to know, and thatis just
what scientists and a fleet of NASA spacecraft are trying to figure out. ) 30/30
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FHERBEIZIIRE A e RV X — « B R RO A A Table 1 Irradiated condition
BTN, EAOLEREEOMREICHEEL, AL - Irradiation Condition Place
REBIC ST IERERE G X5, FHEREICEVTRY Ultraviolet 80,240,400ESD | Tsukuba
Mz LT ATAR, EaleERT 270100, 8k Electron beam 300,900,1500kGy Tsukuba

1x10", 1x10%, Tsukuba

TR B - MBI BT B A OB & AT % s : :
TR G % Atomic oxygen 1%x10° atoms/cm

" o \ 3x10 1x10", | Kobe
FHBIC AT 24 R T OB HET 5 2 L8, 3 %10 atoms/om’

FHEHEOTMIEN 5, HxlL, HEOHE L TOR

BAOEENE & 4% O/ ARG ~ITE - ME OB RICT 25
ST EAT 5 121, T BUHEE T > T & =0, 47 B0
DOF R~ - OB o ERFEAT I 720 | N s
2, TFHEOHEMITICB W CRICEZE Y T RE T iifE osE
B, OET IR, RSP, REEE, #lRc || S
DONWTHARENTITOIL TV DT — & BRI DWW TH
5, ol
2. BELERY A
(80 25 OESOBESRMEZEZME LT, FH 51
WLZEREFE B AR JAXA) T R O R FHEED EE Iz i T
S E L, THEORFHIBE T 2 HIFERkrE (@ 0
B, FHBSERGHENE) O &4 2005 5 5 FEFET Ses  RET KEF RENEER  FER
DTN D, ]
ZRORRBRIHTEEREGO B LT, AR BT RRORMEIN
2 WGl HHE - BV —F 0 77 —7I2BW\WTC, #%E - ik
% 2 J5E D LA
1B Fiile KR
T L ¥ — IR B HAE (KEK)| 600eV-20keV | HBESHBH BT FET , AO-UV BE % D BRIt
HEHHAE 200eV-1keV 20 RIE RIS
ZREFHRHERS
JAXA 300eV-10keV D AIERRE
KEK 200eV-5keV E— LS
KEK 30nm-250nm ERUHSADBIERLE
HRETHREFRS
REAMHK 110nm-400nm HEBIEF
BmEAS ASTM&JEC | BESIAHEREGL T, AO-UV BETEDEERI
RE-AHEIER
GEREETI/O0— ASTM&JEC BEEIICLIBEERT
HEEHAE -40~+80°C HTr DRERT
RIEIE AR
LRER B TOREE LR HH
Eah = 35 -70~+80°C SH__nthiE 7y B2 488 b
E% oS 1172%%77/D v 10Hz-1MHz 1&/1111 %Imw$/%li$n£;§ﬁ
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oD A N =T ZARFH B O EE I S 41D OSR
(Optical Solar Reflector : KGR T) FHEDOH T A7
T, THEAEEZRGE, BESHDIETOREZ DD
IR LT SN2 SO R Y A I R 7 11
LEDT (V23T 7T, TV —F, BV
AT S AL AR 9 B, ek 3, &R 10
O, BOAAIE TREZ®REL, WEZEDTWND,
Fo, FHTHEHINLOMEHNL, ®EZESOH L3R,
DERBE T T, gk (B (EB: Electron Beam), F57-##,
y i, X#%E), M ( UV : Ultraviolet), REEH 1 7 /L
MMZ T, SEHE km OIRPLERRSE CTORFIREEHR (AO :
Atomic Oxygen) FIZ LV X A —T %%, ZOWEN), (b
FHMEENENT D, TORR, WIFfFL TR
REREHL Z DD D, ZNOFHEREICET 248
{bORBE DR, KO, MEEmMmOTRNAEEFIND X
N0l & 2 CHFWHBRESCERMNG Lol 217 9
MEZEE L, (7400 3, U7 A 3 FE) AR
(UV3 &fth, BT 3 &M, AO3 &) &3Eh L T2,
BB DRI Stk 2 3K 1 IR T . EFHR IR Jp OME S
FR SRRV TIE, #RIRIERD 1 45, 3 4, 5 RN L
L, F7IRkEE3E (Atomic Oxygen: AO) (2B L Tix, AO B
BB LW & RIS TN D 2011 4RO 1 4R 0 BT i 24
720 @O AO O RS & % Space Environment & Effects System
(SEES) "OCfr LI-fEx 551, L0 IKWEFIREEFRER
SEMHTORELZRASNCTLHE L,

2005 AT, ZIRE TR EGE (600 eV-5 KeV)DHIE
ML, BT HHREOMERT 2B Lz % &Y)
DIz, BUE IRz s AR - RRHKPTOME, P12
PR ONRE 4 2 S ETEERONE, & HIZE RS
TR 2HEEGUIERF RO e b REREO ZRE
TR ORI ERF 21T > TW5D, MFEEETRIE L
RS A X 1 ITRT,

FHREZ ZE LB ~OREDIZoONTHE 1 IR
L7 XD IS —EBLFERFIETIT > TV D, JIEIE, & 2 1R
TR OIT JAXA, K%, BFZEHERS, iz nsaL
TIT-> TRV, HKFEWFH D \WILZEFENIE O Bk A T FEhE
INTND,

3. BHEMHNTA—FZDRIE

(3-1) BT RILX—4EIE (600eV-5keV) 2H1FH-REF
WMERBOBIE & L — R TERRE (KEK)IZ B
WTHIBAEF T R L F— D@ W EFREN 2 Lizo —
WETHHERBEOWER, 77 77 —0 > TEBRY T
E— AT T X S RERE FHEMEE (BBSEM) % T
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3 EIFRILF—RU BBSEM TOEND ZREFHRHFEHBIERER

Toh T O, “RETIIMEIEROREICRE < BB
SNDHT LMD, ZOWEERITLTEOIC—KRESE—LA
Z UL 2 T B UL A B — LBV ANE 1 ms, B 100
pA) ZHWVTN 5,

ZIREFHHREIINE T R L ¥ —Ep % 600 eV~5k eV
OIS, FRX—mEO N RIBHETER p
L Z OO TREHHER Is OFHIEITD, Ip & s DY
—JDLERD Z LICk > THELND, RUAI 7 4
Jb BT AO B L7 BRI ERE R 4 X 2 127”797, AO BRI
FoT, TUETHIEAREN 1 LT ERDZ ENbY,
FBACDOFENRKE N L AR LT,

(3-2) IET)L¥X—45ELEE (200eV-2keV) IZHTHZREF
WMERBORE —REFRITRED R KRB S 725 — kK
HEFOMET RV =1L, 48T 100 eV—800 eV, ik
PrCiE 300 eV—2keV EHE STV DY, HEURTTRICE
WTC, AR L B — ek T ORI E R E A A LT,

I 3L —Ep % 200 eV~1 keV £ TEL S, &=T
RR—FIR O E & FERIZ S = RV F— 13D A — KR
SIE BT Ip &% OBRO ZIREFHULER Is OFHH AT,
Ip & s OE— DA D Z L2 K> TRE TR
HrEon s, X 3 ICET R/ 5k CORE R &K
T ARLF = T ORER R 2O Lz, M 500eV £
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(3-3) XEFHEZREDBE KEK-PF BL-20A Db — LA
T A U HERAWT, SRR 30-240nm O O S & HE
IS L, B TERANET 5, B Sheo 13
WXt SN DB T EOEASTH DB TIIFEERD
Do MEIRE O EZBET D 72012, Bl 1/60 sec @
Ty v A —HHNT, SNV ANE LT, KEK E—AT A v
WCHZEF v o N—% = NV T BN L CREL, Ty
SN—NIZE 3 Bl ATRE Ao Bl &, SR EIEE H o
T I T—hy T EEE L,

HRGH L DB EBROMEZRE L, BE Itk
FEIKIT D SN DB OEIE TH D ETRE
RKdiz, K AR IHERIICERE S RS —F& L, SRk
THE L7ea &t CHIE L2 filc b 2203 7o 7,
Z O ZEFLITKE AR S VISR O B E I B L
TS 1.2X10-5 pA LIBEDOEEFA%E L /-0 © Pl |k
D EMBARIORESR THETERMEOMEITZDZ
L HERR T E T2,

(3-4) R - FIEEROBE HERKFIZBWT, BXM
P SEEUEIMS (JIS C2139, ASTM D-257) 12H—%, =
2B - RFEIRPUROWPEZIT> T D, K 3 ITRT
£ 9 IHERM B EZE R & R CIERmIRGUERIC 2 Hifd
DENRGND Z EBMBITWZ2, Bl & LCH
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Mo TETWHD, EBICK 5 ITRT & 9 IR b E
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(a) Surface resistivity in air and vacuum

Test Sample Air (Q) Vacuum (Q)
Black paint 4x10™ 5x10™
White paint 1x10™ 9x10'
Cover Glass >2x10" >2x10"
(b) Volume resistivity in air and vacuum
Test Sample Air (Qm) Vacuum (Qm)
Black paint 1x10™° 1x10"?
White paint 7x10" 3x10™
Cover Glass 6x10™ 5x10™
10" B T T T T T T T
: E ® Exahousting vacuum chamber E
iL Q  Intreducing air into vacuum chamber
A Under atmosphere
E vlLe o @ oo o 00 OQ% -
P o E
'E Linder almosphire st the ar iniodun
0,.; } ! Under stmenphere before he exhinst
; il
w0 w w W 1w 1w 1w w1t
Pressure [Pa]
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RIESDOEACD BN DI WEEZ Bz, L, FK
ERT 7 a8, IREKWNENEE LZHE
REMULZEZA, BRI EERTOKSyOEEEZ T T
WD EHEZR S LA FBHT W TIE, TR SR S DR
K&EL, KBEZEFTIHIZE-EORENELND Z LN
o TE =00, 6 ICHEREFEO—HlZ T, /=W
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(a) Dielectric constant €, of cover glass
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(b) Dielectric constant €, of black paint
RT: Room temperature, LT: Low temperature -25°C,

6 EEH, XKH, BiE, EEFOFERRED—H

4. BhYIc

FHREIZBWTEMMELE L CA LR, HEAKEE
HI27o21%, il LA 8% - REICET %G
DELBWZIFFET DERRAIRTH D, £ODITIE, §F
By R 2 b—ya VICK DB ALETH Y, T
FEOm Eo7-l2i, ERICEHA S TOAMET —4
BRRATY 7 M ATTT 0N S5, AimsCTlE, T
D BIRHTINTE & 72 DM BHPEE OREE & 2 AR R
WZOWNWTO—FORERERERBI Lz,

HEIMZ BN T O BT R D 2 BT — 2 BBR &
TWDDIE—HOMBHIR G TEY, Zh b maiEMH
T OMEL LD I R BIZB T 57— % C, EAEKEE O
MEBREIE LIREETOT =X 13T & A EBIR ST
W HAROFEHEOANRRICHEN LT D EERMEHI S
WTHILBEORREE GO =T — & OBz & HIZHED T
SMERH D,

140

X

=

(1) =/ T, & A"

i

- EEBLSIC D D H R
BEOWPEN T A —=Z OFHI"

i

A, Vol. 129, No. 11,
pp.739-745 (2009)

(2) E. Miyazaki et al., “Current performance and issues of the
Combined Space Effects Test Facility”, JAXA-RM-07-004, 2007
(3) S. Kawakita, M. Imaizumi, M. Takahashi, M. Matsuda, S.
Michizono and Y. Saito, “Influence of high energy electrons and
protons on secondary electron emission of cover glasses for space
solar cells”, 2002 Proceedings of 20th ISDEIV, pp.21-24(2002)

(4) H. Seiler “Secondary electron emission in the scanning electron
microscope”, J. Applied Physics, NO. 54, ppR1-R18(1983)

(5) J. G. Timsthy, “The solar spectrum between 300 and 1200 A”,
Colord Assoc. Univ. press, 1977, ed by O. R. White, Table 1.

(6) B. Feuerbacher and B. Fitton, “Experimental Investigation of
Photoemission from Satellite Surface Materials,” J. Appl. Phys.,
Vol. 43, No.4, pp. 1563-1572, April 1972

(7) Y. Ymano et al., “Measurment of Surface and volume
Resistivity for Alumina Ceramics under Vacuum Condition”,
ISDEILV, pp. 35-38(2008)

(8) G B. Hillard, of

“Measured plasma conductivity

zinc-oxide-based thermal control coatings”, JOURNAL OF
SPACECRAFT AND ROCKETS 0022-4650 vol.31 no.5 , pp.
910-912 (1994)

(9) W. Y. Chang et al., “Measurements of electronic properties of
conducting spacecraft materials with application to the modeling of
spacecraft charging” AIAA-2000-870 Aerospace Sciences Meeting
and Exhibit, 38th, Reno, NV, Jan. , pp.10-13 (2000)

(10) K.Nitta,” Current Status and Future Plan for Material

Property Measurements Related to Engineering Design
Optimization Guidelines and Spacecraft Charging at JAXA® , 11th
International symposium on Materials in space environment

(ISMSE), 2009

This document is provided by JAXA.



H7E B AR A R R

HEMENT Y 7 b U = 7 OMSREYL IR

O J\HER, &IEE (MUSCAT AL—2Z « = V=7 U o ZHERS4)

FrhsE, MEERE (JAXA/ISAS)

Al LN TEERS) |

HEE— (JAXA/ARD)

S. Hatta, J. Kim (MUSCAT Space Engineering Co., Ltd.), T. Muranaka, S. Hosoda (JAXA/ISAS),
M. Cho (Kyushu Institute of Technology) and K. Koga (JAXA/ARD)

Key Words: Charging, PIC, Particle Tracking

Abstract
MUSCAT (Multi-Utility Spacecraft Charging Analysis Tool) is developed for prediction of arching frequency on

spacecraft surface. Several expansion functions such as “auto parametric-run”,

“inner charging analysis”, “optional

distribution function of auroral electron energy” and etc. are added by JAXA from 2007 to 20009.
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Experimental Parameter Dependency on Dielectric Volume Resistivity in Charge storage method
Kazuya Sakurai and Rikio Watanabe, Hiroaki Miyake (Tokyo City University), Kumi Nitta (JAXA)
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Abstract
For determination of dielectric volume resistivity under space environment, it is important to understand the effect of test
parameters such as electron energy and sample temperature. In this paper, the effect of sample thickness, electron
irradiation energy and temperature on volume resistivity is analyzed by the charge storage method. The dielectric material
considered here is typical polyimide (Kapton®) film. The experimental results indicate that higher electron energy and

thinner sample thickness show lower resistivity. Higher temperature also exhibits lower resistivity according to the

Boltzmann type resistivity decrease.
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Table 1 Experimental conditions [25um]

Sample Kapton” 100H
Sample thickness [um] 25
Electron beam irradiation energy [keV] 10 20 30
Current density [nA/mm’] 337 650 1039
Irradiation time [s] 60
Vacuum level [Pa] 10*
Measurement time [h] 336
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Table 2 Comparison of volume resistivity [25um]

Volume resistivity [Qm]
Electron energy [keV] Dark current Short time
10 4.3x10' 1.3x10"
20 3.4x10' 1.2x10"
30 3.3x10' 1.7x10°
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Table 3 Theoretical estimation of electron range

Electron energy [keV] 10 20 30 40
Electron range [pum] 5 13 23 34
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Table 4 Experimental conditions [S0um]

Sample Kapton®200H
Sample thickness [um] 50
Electron beam irradiation energy [keV] 10 | 20 | 30 | 40
Current density [nA/min’] 337 | 60 | 1030 | 1405
Irradiation time [s] 60
Vacuum level [Pa] 10°
Measurement time [h] 168
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Volume resistivity [Qm]
Electron energy [keV] Dark current Short time
10 1.3x10"7 1.9x10"
20 5.6x10"° 1.6x10"
30 3.5x10"° 1.5x10"
40 1.1x10' 1.4x10"
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Rz RmT. ML ATEIRPURp[Om] &k L, fREhILE
FRRIRE = 2L X —E[keV] 2R LTV 5.
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Fig.6 Relation of volume resistivity and Electron energy
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RIEE 233K(-40°C)7> B 353K (80°C) & IRLE 2 2K &
T, 299K[RT] %2 & T 6 DDA Tl AT~ 7-.
FEBR 4% Table 5 1Z/Rk7.

Table 5 Experimental conditions [Temperature]

T setting [K] 233 | 253 | 273 [29RT] [ 323 | 353
Sample Kapton”200H

Sample thickness [um] 50
Electron beam irradiation energy [keV] 20
Current density [nA/mm’] 650
Irradiation_time [5] 60
Vacuum level [Pa] 10°
Measurement time [h] 240
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Fig.7 Time history of surface potential [Temperature]

(Single-logarithmic plot)
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Table 6 Comparison of volume resistivity [ Temperature]

Volume resistivity [Qm)]

Temperature [K] Dark current Short time
233 3.3x10"7 3.3x10"

253 1.1x10"7 5.5%10"°

273 8.3x10"° 1.1x10"

299 [RT] 4.2x10' 1.7x10"
323 3.3x10'° 1.3x10"

353 1.1x10' 3.5x10"2
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Fig.8 Relation of volume resistivity and temperature
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Diameter 1.0[m]

Size Length 1.2[m]
Ultimate pressure 2.0 x 10™ [Pa]
Pumping speed 300 [1/s]

1.1 x 107 [Pa]
(Xe flow rate;0.4sccm)

1~2[eV]
1012 ~ 1013[m-3]
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Plasma temperature

Plasma density
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[ 3hour chamber open
v
[ Vacuum and Input Plasma
v
[ Room temperature 90min discharge experiment ]
< v
=3
B [ Sheet heater ON(heating) ]
]
E [ Hiah temperature 90min discharae experiment ]
[ LN, flows into the tank(cooling) ]
[ Low temperature 90min discharge experiment ]
v
[ Plasma Off ]
|
6 R TIE(-200V~-400V)
= 2 HEREM(-200V~-400V)

Vias[V] -200 -300 -400
Experiment time[min] 90 90 90
Plasma density[1/m°] | 6.8x10% | 7.2x10% | 7.0x10™

Plasma

temperature[eV] 0.7 0.7 0.7
Back pressure[Pa] 2.9x107 | 2.7x10° | 3.6x10”
Coupon High 64~66 64~66 63~66
temperature | room | 30~31 30~30 20~39
[C] low | -34~-29 | -42~-34 | -46~-33
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*® 3 HBREH
case 1~4
Vias[V] -400
Experiment time[min] 60
Plasma density[1/m’] 4.7x10"
Plasma temperature[eV] 0.7
Back pressure[Pa] 2.7x107
Coupon ngh 65~60
temperature room 22~24
[l low | -32~-30
Keep coupon in humidifier 3hour ]
v
Vacuum and Input Plasma ]
Coupon keep room temperature (20°C) ]
Room temperature 60min discharge experiment ]

v

LN, flows into the tank(cooling) ]

Check shroud temperature under -50°C ]

v

Casel: Room temperature 60min discharge experiment ]

v

Coupon keep high temperature (60°C) ]

Case2: High temperature 60min discharge experiment ]

v

Coupon keep low temperature (-30°C) ]

Case3: Low temperature 60min discharge experiment ]

Coupon keep room temperature (20°C) ]

Case4: Room temperature 60min discharge experiment ]

v

Plasma Off

]

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[

Shut LN, (defrosting shroud)

]
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ABSTRACT

In order to study the origin of accelerated erosion
phenomena of fluorinated polymers in ground-based
atomic oxygen test facilities, we have studied the
contribution of high-energy component in the atomic
oxygen beam. The experiment was carried out with a
combination of polymer-coated quartz crystal
microbalance and high-speed chopper wheel in the
laser-detonation atomic oxygen source. It was clearly
observed that the mass-loss rates of both polyimide and
fluorinated polymer strongly depend on the impact
energy of atomic oxygen. However, the effect was
more significant on fluorinated polymer compared with
that on polyimide; i.e., translational energies higher
than 6 eV provide a significant mass-loss on
fluorinated polymer. This experimental finding agrees
with the volatile product data and theoretical
predictions. It was confirmed that the presence of
high-energy component in atomic oxygen beams
resulted in the increase of mass-loss rate on fluorinated
polymer relative to polyimide.

1. INTRODUCTION

It has been recognized that the erosion rate of
fluorinated ethylene polymer (FEP) in the ground-
based atomic oxygen test using laser-detonation atomic
oxygen source is much greater than that in the flight
tests in low earth orbit (LEO). Because FEP has been
widely used as a thermal control material for satellites
in LEO, this is one of the major problems on the
ground-based AO testing using the laser detonation
source that is a standard for the ground-based atomic
oxygen testing. The origin of this problem has been
recognized due to the extreme ultraviolet (EUV) from
the laser-sustained oxygen plasma in the nozzle [1].

In ICPMSE-9 (2008), we have reported the real-time
mass change of fluorinated polymer during atomic
oxygen exposure with/without the ultraviolet emission
form laser plasma [2]. It was confirmed that the role of
EUV from laser plasma on the fluorinated polymer
erosion do exist, but it does not show significant
synergistic effect with atomic oxygen on the
accelerated erosion of FEP in a laser-detonation source.
Thus, the question still remains: why FEP erosion is
much faster in laser detonation source than in space?

179

The experimental finding, that shows the role of
ultraviolet form the oxygen plasma is not a major
origin, strongly suggests that the origin of this
phenomenon is included in the atomic oxygen beam
itself.

In order to answer this question, we studied the
energy dependence of atomic oxygen reactivity with
polyimide and fluorinated polymer. The role of high-
energy component of the atomic oxygen, which is
included in the atomic oxygen beam formed by the
laser-detonation method, is discussed.

2. EXPERIMENTS AND SPECIMENS

The laser-detonation atomic oxygen beam source
used in this study has been developed at Kobe
University in order to study gas/surface reactions of
atomic oxygen with solid materials [3-6]. This type of
the source is known as a Physical Sciences Inc. (PSI)-
type source [7]. Figure 1 shows a photograph of the
facility.  This type of beam source uses pulsed
supersonic valve (PSV) and carbon dioxide laser (10.6
um, 5-7 J/pulse). The laser light was focused on the
nozzle throat with a concave Au mirror located 50 cm
away from the nozzle. The PSV introduced pure
oxygen gas (99.8%) into the nozzle and the laser light
was focused on the gas cloud in the nozzle. The
energies for the dissociation and acceleration were
provided by the inverse Bremsstrahlung process. The
hyperthermal beam, thus generated, was characterized
by a time-of-flight (TOF) distribution measured by the
quadrupole mass spectrometer with scintillation
detector which are installed in the beam line.
Translational energies of the species in the beam were
calculated using TOF distributions with the flight
length of 238 cm. This type of source can deliver
intense atomic oxygen beam pulses with velocity of
approximately 8 km/s.

In order to change the collision energy of atomic
oxygen, a high-speed chopper system was installed.
This high-speed chopper system was originally
installed in order to block the ultraviolet from oxygen
plasma [8]. The collision energy of atomic oxygen
could be adjusted with this chopper wheel by blocking
a part of the atomic oxygen beam. Figure 2 shows the
block diagram and the photograph of the chopper
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Figure 1 Photograph of the atomic oxygen beam

facility used in this study. Two 1500 L/s turbo
molecular pumps are used to maintain the vacuum.

system. Blocking of a part of the beam was made by
changing the system delay.

A 5 MHz Ag-coated QCM sensor was equipped at
the bottom of the rotatable mount in order to measure
the flux of atomic oxygen [9]. Typical atomic oxygen
flux after slicing by the chopper wheel was measured
to be 0.7-2.0 x 10 atoms/cm?/s at the sample position.

Samples used in this study are two types of
polymers; polyimide and fluorinated polymer. A
polyimide amide acid was spin-coated on a quartz
crystal at 12,000 rpm for 30 s, and curing treatments at
150 °C for 1 hr. and 300 °C for 1 hr. were carried out
in order to form the spin-coated polyimide structure
with a thickness of approximately 0.1 um. The spin-
coated polyimide film, thus formed, and Kapton-H film
has the same repeating unit of polymer (PMDA-ODA
polyimide). In contrast, fluorinated polymer was
prepared by the plasma-assisted physical vapor
deposition technique developed at the Technology
Research Institute of Osaka Prefecture [10]. Change in
mass of the films was detected from the frequency shift
of quartz crystal microbalance (QCM) on which the
films were coated. The resonant frequency of QCM
was recorded in every 10 seconds with the frequency
resolution of 0.1 Hz. All beam exposure experiments
were carried out with the sample temperature at 38 °C
with normal incidence.

3. EXPERIMENTAL RESULTS

Time-of-Flight (TOF) spectra and average collision
energy of atomic oxygen beam sliced by the chopper
wheel are shown in Figure 3. Figure 3 (a) and 3 (b)
show the TOF distributions in which a slow- and fast-
part of the beam pulse was partially blocked by
chopper wheel, respectively. It is clearly observed that
the atomic oxygen beam pulse, overall average energy
of 5.5 eV and full width at half maximum (FWHM) of
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Figure 2 Photograph of the chopper wheel inside
the laser detonation atomic oxygen beam source
(upper panel) and the system diagram (lower panel).
The chopper was operated at 9,000 rpm under the
pressure of 4 x 107 Torr.

5.2 eV, is sliced by the chopper wheel operating 150
Hz. The average energy of the sliced beam is
adjustable from 1.3 eV to 8.8 eV by changing the
system delay. The polyimide and fluorinated polymer-
coated QCMs were installed in the beam line and the
change in resonance frequency of QCM was recorded
during the exposure to the sliced atomic oxygen beam.
The frequency shift of the polyimide-coated QCM,
which is proportional to the mass-loss of the film, is
negative when low-energy atomic oxygen beam was
irradiated (Ecoll < 4 eV). Such mass-increase
phenomenon was observed only for the beginning of
exposure and it was concluded that the initial surface
oxidization reaction, which includes oxygen atom
accommodation at the polyimide surface, was the
origin of this unexpected results [11]. In contrast, it is
clearly observed that the frequency shift of polyimide-
coated QCM increased with increasing the collision
energy of atomic oxygen beam (Ecoll > 5 eV). On the
other hand, frequency shift of the fluorinated polymer-
coated QCM becomes significant with high-energy
atomic oxygen beam (Ecoll > 6 eV). It is also
indicated that the rate of frequency shift of the
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Figure 3 Time-of-flight spectra of atomic oxygen beam (m/e=16) sliced by the high-speed chopper
wheel. For better view of the each TOF spectrum, left and right panels show the TOF spectra in which
slow-part and fast-part of the beam pulses are blocked by the chopper wheel. The same TOF spectrum
(Ecoll=3.6 eV) is shown in both panels for comparison purpose.

fluorinated polymer at high-energy atomic oxygen
collision is greater than that of polyimide.

The flux of atomic oxygen beam changes with
chopper timing, e.g., energy. The mass-loss rate was
divided by the relative area of TOF spectrum and flux
compensated mass-loss rate, which corresponds to
relative reaction efficiency (Rg) of atomic oxygen, was
calculated. The results are shown in Figure 4 (a) and 4
(b). It is clearly indicated that the relative reaction
efficiency, thus calculated, almost linearly increases
with collision energy for polyimide. However, the
reaction efficiency of atomic oxygen with fluorinated
polymer is very small at collision energies lower than 5
eV and the threshold collision energy of 6 eV is clearly
observed. The collision energy dependence on reaction
efficiency with fluorinated polymer is much more

0.0015 [
o 080916
Il
o
= 0.0010 |
o
[%2]
o
w
2 0.0005 -
(0]
N
© . ° L4
€ 00000 ,q00 ¢ ¢ °
g °
_00005 Il Il Il Il Il Il
0 2 4 6 8 10 12 14

Energy (eV)

Normalized Erosion Rate

drastic so that the relative erosion of fluorinated
polymer compared with polyimide is enhanced if high-
energy component (Ecoll > 6 eV) is included in the
atomic oxygen beam. This is a usual case for atomic
oxygen beam generated by the laser-detonation method.
It is thus concluded that the accelerated erosion of
fluorinated polymer in the ground-based experiment is
mainly due to the contribution of high-energy
component of atomic oxygen beam.

4. COMPARISON WITH THEORETICAL
STUDIES

Troya and Schatz have performed direct-dynamics

classical trajectory calculations of collisions of
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Figure 4 Normalized erosion rate of polyimide (left) and fluorinated polymer (right) as a function of

collision energy of atomic oxygen.

Difference in atomic oxygen fluxes in the sliced beam was

compensated with dividing by the area of TOF spectrum of the each beam.
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hyperthermal (Ecoll = 4.5 - 6 eV) ground state atomic
oxygen (OCP)) with hydrocarbon (CH,and C,Hg) and
perfluorinated hydrocarbon (CF, and C,Fs) molecules
[12]. Their computational results also suggested that
F-elimination is more important than F-abstraction
(which is negligible), but the cross-sections for F-
elimination are also very small. The C-C bond
breakage cross-sections in the O(*P) + C,F¢ reaction is
larger than the F-elimination cross-section. This is
opposite to that of hydrocarbons. They calculated that
the cross-section ratio of [F-elimination]/[C-C bond
breakage] is 0.12 and 0.24 at Ecoll = 5.5 and 6.0 eV,
respectively. This is due to the fact that C-C bond in
C,Fs is 0.4 eV weaker than C,Hs by the very
electronegative fluorine atoms. The excitation function
(cross-section vs. Ecoll) for C-C bond breakage in
OCP) + C,F reaction showed more Ecoll dependence
than in OCP) + C,H; reaction in the 4.5 < Ecoll < 6.0
eV region. This is a good agreement with our results
shown here. However, cross-section of direct C-C
breakage in C,Fg is smaller than that in C,Hg. This is
disagreement with the results obtained here.

Troya and co-workers also reported the classical-
trajectory study of the dynamics of hyperthermal (5-12
eV) collisions between Ar + C,Fs and Ar + C,Hs
systems [13]. They found that the C,Fg is more
susceptible to collision-induced dissociation (CID)
than C,Hg due to the lower frequencies in heavier
species. Three to six times energies can be transferred
to C,Fs than C,Hg from incoming atoms. Their
computational results suggested the role of CID in the
C-C breakage reaction of fluorinated polymers.
Atomic oxygen beam used in this study always
contains undecomposed molecular oxygen. Not only
the high-energy component of the atomic oxygen
included in the beam, but also molecular oxygen will
have certain role for CID on C-C bond breakage. This
suspicion arises also form the O, flux-compensated
relative reaction efficiency on fluorinated polymer
indicates obviously exponential dependence with O,
energy (Not shown).

It is, thus, concluded that two possible reactions
channels are proposed for the accelerated erosion of
fluorinated polymer in ground-based atomic oxygen
test: direct C-C bond breakage by high-energy
component of atomic oxygen and CID process by high-
energy component of atomic oxygen and by molecular
oxygen in the beam.

5. REAL LEO ENVIRONMENT

The atomic oxygen collision is characterized by the
space experiment aboard STS-46 (EOIM-3) [14]. In
space, the average collision energy of AO is reported to
5.6 eV with full width at half maximum (FWHM)
about 1.7 eV. On the other hand, in our study, the
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average collision energy of atomic oxygen is also
approximately 5.5 eV, however its FWHM is as large
as 5.2 eV. It is clear that the FWHM in the ground
experiment is much greater than that in LEO. Two
possible mechanisms for accelerated erosion are both
energy-sensitive, it is essential to simulate the energy
spectrum, energy spread as well as average energy, in
ground-based experiments.

In conclusion, fluorinated polymer exhibits much
stronger dependence on collision energy, thus, high-
energy component of AO beam, if exists, promoted the
direct or CID-associated C—C breakage reaction. The
difference in reaction mechanism and collision energy
dependence on polyimide and fluorinated polymer
causes the accelerated erosion of fluorinated polymer
in the ground-based atomic oxygen simulation.

6. CONCLUSIONS

In order to study the origin of accelerated erosion of
fluorinated polymers in ground-based atomic oxygen
test facilities, contribution of high-energy component
in the atomic oxygen beam was studied. The
experiment was carried out with a combination of
polymer-coated QCM and high-speed chopper wheel in
the laser-detonation atomic oxygen source. It was
clearly observed that the mass-loss rates of both
polyimide and fluorinated polymer strongly depend on
the impact energy of atomic oxygen. However, the
effect was more significant on fluorinated polymer
compared with that on polyimide; i.e., translational
energies higher than 6 eV provide a significant mass-
loss on fluorinated polymer. This experimental finding
agrees with the volatile product data and theoretical
predictions. It was confirmed that the presence of
high-energy component in atomic oxygen beams
resulted in the increase of mass-loss rate on fluorinated
polymer relative to polyimide. The results of this work
suggested the importance of the control of translational
energy on the quantitative results of ground-based
atomic oxygen simulations not only for the accelerated
erosion of FEP, but also for the validity of Kapton
equivalent fluence.
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Development of e-Induced Electron Emission Pulse Yield Measurement System

Yu Chen, Takanori Kouno, Hirokazu Masui, Minoru lwata, Kazuhiro Toyoda, Mengu Cho

Laboratory of Spacecraft Environment Interaction Engineering,

Kyushu Institute of Technology, Kitakyushu, 804-8550, Japan

Abstract: E-induced electron emission on the surface of space materials is a very important factor to understanding the spacecraft charging

process. A single pulse yield measurement system for insulating material is developed. The electron yield results of Au specimen between DC

yield test and pulse yield test are compared. Using the single pulse yield measurement system, the secondary electron emission yields of

highly-insulating, 25 um thin Kapton H film have been measured for the incident primary beam energies, 300 < £, <3000 eV.

Key words: E-induced electron emission yield, single pulse yield measurement method, Kapton H film

1. Introduction

A spacecraft acts like an isolated electrical probe in the
space plasma. Like any electrical probe in plasma, it will
collect charge and adopt an electrostatic potential consistent
with charge collection as required by Maxwell’s equations.
This collection of charge from the environment has been
called *“spacecraft charging”. The differential surface
charging due to surface secondary electron emission of
space materials, results from potential differences on the
surface of a spacecraft of a few volts to several thousands of
volts. Although typical a lower potential difference, this type
of charging is often more destructive because it leads to
damaging surface discharge or arcing [1].

The electron emission yields of conductors are relatively
easy to measure, however, the yields measurement of
insulating materials are more difficult because of the inside
charging phenomenon. The accumulated charge can affect
the secondary electron yields by altering incident energies or
by affecting the escape energies of secondary electrons and
backscattered electrons, or by neutralizing the incident
electrons [2,3]. In this condition, a single pulse yield
measurement method for dielectrics is the best choice to
reducing the influence of accumulated charge.

In this paper, a single pulse yield measurement system for
space material is developed. Some electron yields of Au
specimen and highly-insulating, thin Kapton H film have
been measured for the incident primary beam energies, 300
< E, <3000 eV. The experimental results are discussed, and
some suggestions are proposed in order to fully avoiding the

influence of accumulated charge.
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2. Measurement principle

Reviewing the basic physics of electron emission, the
total yield o(E;) is the ratio of emitted current to incident
current, and the SE yield &E,) is the ratio of emitted
electrons with energy Ese < 50 eV, and the BSE yield 7(E,)
is the ratio of emitted electrons with energy Egse > 50 eV.
The choice of the 50 eV value is purely arbitrary and
historical, as higher than 50 eV secondary electrons,
such as Auger electrons, are also produced as a result
of electron beam solid interaction [4-9]. However, the
number of these secondary electrons is rather small
and in comparison to backscattered electrons can
safely neglected. The electron yield curves show the yield
as a function of incident electron energy. The basic
schematic of electron yields measurement is illustrated in
Fig. 1(a) and (b). For total electron yield (TEY) test, the
sample stage and grid are set to the same potential, and the
collector is 50 V higher than them. In this condition, real
secondary electrons and backscattered electrons could
pass through grid and reach to the inner side of
collector. For backscattered electron yield ( BEY )test,
the sample stage and the collector are set to the same
potential, and the grid is 50 V lower than them. In this
condition, real secondary electrons return to the surface of
sample, and just backscattered electrons are collected by
collector electrode.

In this experimental test, Uy = 50 V, Ugyig = 0V, Usample
=0V are set for total yield test, and Uy = 0 V, Ugig = -50
V, Usmpe = 0 V are set for BSE yield test. All the yield
equations are given by Eq. (1) ~ (3).
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(b) Backscattered electron yield test

Fig. 1: Basic schematic of electron yields measurement
3. Experimental system

The e-induced secondary electron emission pulse
yield measurement system was developed based on
the JAMP-10SX Auger test system by JEOL. After
baking processing at 250 °C for 24 h, electrons
emission measurements can be performed in a
ultrahigh vacuum chamber with pressure < 5x10-5 Pa.
Electron sources provide electron enegy ranges from
300 eV to 3 keV and incident electron currents with
pulse emission mode and continuous DC emission
mode.

A hemispherical detector has an ®1.5 mm aperture
for incident electrons. A cylidrical shape sample stage
extends into the detector, and this ensures that all
electrons that may backscatter from the collector are

captured. The grid used in the detector is made out of
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stainless steel with 30 % transparency. The collector is
made of copper, and its upper side is coated with MgF2
film in order to locating the electron beam position and
focusing the beam spot diameter. The inner surface of
collector and all parts of grid are coated with sputtering
carbon. The use of this material ensures that a
minimum of electron emission occurs from the
interaction of electrons emitted from the sample with
grid and collector.

An Au sample with 1 mm thick and 5mm x 5 mm
square shape and a 25 pum in thickness, 5 mm in
diameter polyimide Kapton H film were used, and it was
adhesive to the sample stage using conducting silver
paste. All the samples were cleaned using alchol
before intruduction into the vacuum chamber, but were
not ion-cleaning.

In order to confirm the performance of single pulse
yield test system, two methods with a continuous
electron beam and a single pulse electron beam are
used to measure the electron emission from Au sample.
Charge injection or removal from a conductor via
electron emission can be easily and rapidly replaced by
connecting the sample to ground. For the insulator,
charge deposition should be minimized by using a
single short pulse (~ 100 us) low current electron beam
(~ 100 nA) focused on a spot area of ~ 1 mm2,

A variable-Gain high speed current amplifier (AMP ,
DHPCA-100) made by FEMTO Inc. is used in this
single pulse yield test system, and its response time is
~ 1.6 us and low noise level is 60 fA at high gain 107
V/A. The single pulse generator is provieded by Tek.
AFG 310 function signal generator. Alkaline Battery
pack with 50 V was used for different test purpurse, as

shown in Fig. 3.
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Fig. 2. Schematic of a single pulse yield measurement system.

1: TEY, 50 V bias at collector, 2: BEY, -50 V bias at grid.

4. Experimental result
4.1 Electron yield test using Au sample

The induced current was converted to voltage signal by
high-speed amplifier. Fox examples, the output signals at
TEY test and BEY test injected by 500 eV beam are
respectively shown in Fig.3 (a) and (b). In order to testify
the performance of single pulse yield test system, the
comparison test was carried out between DC emission and
pulse emission using high purity Au sample. The
experimental results are shown in Fig. 4.

The signal 1in Fig. 3(a) and the signal 2 in Fig. 3(b) have
the special charging response times. Obviously, that should
be contributed to the internal capacitance of Alkaline
battery pack. In this experiment, as shown in Fig. 4, R,
the opening reatio of grid is 30 %, so the obtained
secondary yield data is lower. The recalculated
sceondary electron yield was calculated by & = &/R,
and it is close with the as-inserted Au sample without

ion-cleaning in Reference [9].

199

A A AR

T
Tl anector ™Y
[ Ig”d->U
T —3 Isample =l
— 4, Single pulss

Woltage (V)
o

11 O

S i i i i
oo i 100 200 300 400
Time(ps)

(a) Total electron yield test

u

—

]

=
collector

gruf>U
u

—

=
sample
— 4, Single pulse

05k

wWoltage (W)
o

05k

5 i i
-100 1} 100 200 300 400
Time(ps)

(b) Backscattered electron yield test
Fig. 3: Voltage signal converted using induced current in detector

under single pulse (100 ps) emission
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Fig. 4: Electron yields comparison of Au sample under two test
methods. Symbol o is total electron yield and drawn with “solid
line”; Symbol n is backscatter electron yield and drawn with
“dotted line”; Symbol 3 is secondary electron yield and drawn with
“dash-dot line”; Symbol & is recalculated secondary electron yield

considering to opening ratio “R” and drawn with “dashed line”;
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Data marked by “star” is obtained using AMP and OSC under
continuous electron emission; Data marked by “square” is obtained

using AMP and OSC under 100us single pulse electron emission.

4.2 Total electron yields test using Kapton H film

Based on this single pulse yield test system, the total
electron yields of Kapton H film was measured, and the
result is plotted in Fig. 5. In this test, from low beam
energy to high beam energy, each yield point was only
tested by once measurement using 100 us pulse
electron beam with 1 mm2 spot diameter on the surface
of sample. During the test, the injection position was

not changed.

Total electon yelds
w

i i i i i
1000 1500 2000 2500 3000

Primary elecron enatgy, £ (&¥)

Fig. 5: Total electron yields of Kapton H film.

It can be found from Fig. 5, Emax is around 400 eV, and
the recalculated SEY &'max is around 5.5 considering to
the 30 % opening ratio. Comparing to Reference [2]
and [10], this result was also influenced due to
accumulated charge. More short pulse, and more lower

beam current are needed.

5. Discussion

In order to avoid further space charge effects and
possible polymer degradation at the surface of sample,
in Reference [10], the electron beam current was
limited to 1 pA for pulse duration of 1 us over an area of 5
mm?. Even very little charge deposition, the influence of
accumulated charges is also present and cannot be
neglected. In Reference [2], a combination of methods
was used to control the deposition and neutralization of

charge. The charge dissipation techniques include a
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low-energy electron flood gun for direct neutralization
of positive charge and a UV light source for
neutralization of negative charge. Even the charge
neutralization method is used, but there will be a
several tens of nm deep distribution along the electron
beam injection direction. The low energy electrons just
can store at the very shallow surface, and the internal
charges are very difficult to neutralize. According to the
following discussion, more short pulse, and more lower
beam current are preferred, and it had better to change
the injecting position for each yield measurement point.
Based on these considerations, more research works

are going on in our laboratory.

6. Conclusion

A basic single pulse yield measurement system for
insulating material was developed. The electron yields of Au
specimen between DC yield test and pulse yield test almost
show the same result. Using the system, the total electron
emission yields of Kapton H film have been measured with
100 ups pulse beam. The test position change method for

each yield test is strongly suggested.
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Observation of Surface Discharge Phenomena on Polymeric Materials
under Low Pressure using Pockels effect and LED light source
Yohei Komiyma*, Hiroaki Miyake, Tatsuo Takada, Yasuhiro Tanaka (Tokyo City University)

We have developed a surface discharging measurement system, using Pockels effect. Pockels effect is a kind of electro-optic

effect. It is the Pockels effect that The Phase shift of polarized light is proportional to applied electric filed on the Pockels device.

When the light which is produced by LED or LD propagate in the Pockels device, each of the two components travels at different

velocities which depend on the refractive index of each component. After passing through the Pockels device, a phase shift occurs

between the two components. This results in an elliptical polarization of the emerging beam. The degree of the phase shift and the

ellipticity depend on the electric field being applied to the Pockels device. We observed charging distributions on BSO (Pockels

crystal) and several polymeric materials using the Pockels measurement system which is described above. When that

experimental ware carried out with the conditions which are as follows, Applied sine wave voltage (VP=5 kV, =20 Hz) to

produce discharge. The around pressure of the system is controlled the range from 101 kPa (air atmosphere) to21 kPa. From those

experiment results, we found few characteristics which are as follows, Streamer length and width are grown. Streamer shape

depends on the ionization energy of each material. In the negative charging area, the streamer grown direction is inflected..
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Fig. 1. Surface electric potential distribution of

electro-ontical measurement svstem.
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Fig. 2 Compact surface discharge measurement system

under low pressure conditions
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Fig. 3. Surface discharge pattern under a cycle voltage application of

positive start sine wave in atmospheric pressure.
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Fig. 4. Surface discharge pattern under a cycle voltage application of

positive start sine wave in low pressure.
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Fig. 5. Surface discharge pattern under a cycle voltage application of

negative start sine wave in atmospheric pressure.
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Fig. 6. Surface discharge pattern under a cycle voltage application of

negative start sine wave in low pressure.
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Figure 7. Energy structure of each sample
Table 1. Energy structure of each sample
electron ionization | band gap
sample .
affinity energy energy
Pl 3.58 5.9 232
PET 2.88 6.98 4.1
PVDF -0.53 8.69 9.22
LDPE -2.37 7.29 9.66
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