Space Environment Data Acquisition Equipment — Attached
Payload (SEDA-AP) on the ISS - “Kibo” Exposed Facility
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Picture of SEDA-AP
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——_ 2.00m
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Launch Configuration( NEM-S is
stowed in the SEDA-AP structure)

On Orbit Configuration( NEM-S is
extended 1 m from the SEDA-AP
structure )

Total Weight : Approx. 450kqg

On-orbit Power Consumption : Approx. 220W (Nominal Operation)
Data Communication : JEM Payload Bus 2 (MIL-STD-1553B)
Active Coolant Loop : None

RF Antenna - None




On-orbit environment
measurement at the mast
extended condition for

three years
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3 years on orbit

Launct.

July 2009

On-orbit
Al disposal of the
s SEDA-AP by
11e4:26 ) 1
" | HTV
MPAC&SEED
retrieval by EVA 2012

(about 3 years
after launch)

MPAC&SEED Return
to the Ground
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olar le ontext of SEDA Mission

Cosmic Ray Oxygen
(176-238 MeV/nucleon)

1997-1998 Solar Min

Scaled
from NM Projected _*
— from NM
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After R. A. Mewaldt et al. ApJ. Lett. 723, 2010

The SEDA mission fortuitously captured the recent GCR maximum
Intensity

As a consequence of the prolonged solar minimum, we have been
able to collect decent statistics of the LET spectrum from GCR as
)54%4 well as their secondaries
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Measurement result of SDOM (%

High energy electron(0.28-0.79) distribution Map

TRAPPED ELECTRON FLUX AT SOLAR MINIMUM [t cmays)
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Left figure shows the high energy electron (0.28-0.79MeV) measurement result of
SDOM, that is overlapped on the world map.

SAA (South Atlantic anomaly), radiation enhanced region related to the offset of earth
magnetic field (Right figure), and hone resin of outer radiation belt are clearly shown.




AES8 Model Flux (Electron: 0.93-1.85 MeV)
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SEDA-AP/SDOM Flux (Electron: 0.93-1.85 MeV)
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AP8 Model Flux (Proton: 0.78-1.09 MeV)
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SEDA-AP/SDOM Flux (Proton: 0.78-1.09 MeV
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Energy distribution of Electron Flux (No Sub—storm Period)

SDOM Electron Flux (2009/09) vs. AE8 Model
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Energy distribution of Proton Flux (No Sub—storm Period)

SDOM Proton Flux(2009/09) vs. AP8 Model
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SEDA-AP/SDOM Flux : Electron ch 2, 0.93-1.85 MeV

® Outer radiation belt (3<L<7) electron enhancement is observed according to
the increasing of Solar Wind Speed.
Solar wind data is from NOAA/SEC
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Comparison with GEO data

® Comparison SEDA-AP E1: 0.28-0.79 MeV(5<L<7) and DRTS E3:0.59-1.18
MeV(GEO;L~6.6)

® Fluctuation of the high energy electron flux is good agreement to the GEO
observation data.
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L-T Plot of electron flux (1year)

» L-Value (Magnetic field line distance in magnetic equator measured by earth
radius unit) vs. Time(2009/08-2010/07) plot

» Several high energy electron injections to the lower L are observed from April to
September in 2010.

SEDA-AP/SDOM Flux (Electron E1: 0.28-0.79 MeV)
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Preparation of web (graph level) in public
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Examples of measurement result : NEM (&“ :
@ L
SDOM: HIT:Heavy lon Telescope
Standard Dose
Monitor
EDEE : Electric Device
Evaluation Equipment
@
* NEM:Neutron
Monitor
AON.I : Atomic OXygen "‘L}\ - BBND : Bonner Ball type
Monitor NET Neutron Detector
MPAC&SEED: Micro- ~ 1 > - FIB : Fiber Type Neutron
' Detect
Particles Capture and Space 2 S

Environment Exposed Device

PLAM:Plasma Monitor




Neutron Monitor

There are some origins of the neutron in
e space, Solar-neutron, albedo-neutron , local
production neutron.

[
N e
Atmosphere Measuring the neutron from solar flare is good
) indicator of predicting of high energy particle,
because of the neutron is not affected by
interplanetary magnetic field. We use this director
to inform cosmonauts about the arrival of strong

charged particle radiation.

E_ocal (production) Neutrons

@) [
proton \ /

Space—ship

Flare NAVAW, charged Particle

o magnetic field line
neutron > ‘




D BHEFEZF(NEM)

T
BBND : Bonner Ball Neutron Detector FIB :Fiber-type neutron detector
FHAlT R )L —ERF: FHAl TR )L —ERF:
0.025eV(ZH £ ¥)~15MeV 15~100MeV
AXEHEIRIFEL: 1 x 104 count/sec AEHE A R MK : 50 event/sec

256Ch PMT Fiber block

FIB T =7Y 9 -FETIL
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BBND Flight Dataonboard 1SS (&7

‘_:’

7

&y

The first flight demonstration of BBND was carried out on board STS-89 in 1998, and
next, re-flight was done as a part of the HRF(Human Research Facility ) project on
board ISS in March, 2001 and the measurement continues by November 2001 .




BBND Flight Data on board ISS

The measuring result (distribution diagram which converted into w'
the dose equivalent) on board ISS on April 15th, 2001.

IS5 BBND World Map (Dose Equivalent Rate) 20
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BBND Measurement neutron Dose Equivalent Rate (ICRP74)

2010/09/01 — 09/07 (7 days)
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FIB :Fiber-type neutron detector

This detector measure path of recoiled proton by using scintillation of cubic
arrangement of plastic scintillation fiber.
The energy and arrival direction of an incident neutron could be determined by
measuring path lengths and track of recoiled proton
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Principle of neutron detection

Fiber block

Picture of FIB Block

256¢h Multianode
Photomultiplier Tube
(PMT)

light guide
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Origin of solar neutrons
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A canonical model of a solar flare

When the particle beams
enter the dense, lower - Electrons
atmosphere, e /ﬁﬁﬁﬂg/

they also produce Radio radiation
nuclear reactions that Neutrons
result in gamma-ray
spectral lines and
energetic neutrons.

» Accelerated particles

Magnetic loop

This neutron has the
Information of the energy
of accelerated charged
particle.

Hard X-rays

MNuclear gamma rays

Chromosphere

s
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#%A from “SUN,EARTH AND SKY” Kenneth R. Lang



Expected neutron count using 4 June 1991 flare

® Counting rate of solar neutrons of time of arrival at Earth with respect the
light signal is shown by the curved line based on 4t June 1991 flare event.

® The horizontal dashed line shows the expected quiescent background
based on the data of Russian group.
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FIB energy distribution and resolution of irradiation test
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Example of neutron track (D

Wi TN (O
RECY: wik [ TIME:NS 12 03 23 59 53 [H] [DATE: 09.12.039 | TIME: 23:59:53 [BUS-%: 0.00[Y] BUS-TI: 0.000[aA]
HE&DER: 84 84[H] EOT: EE EE[H] HHIASTATUE  FF[H] heqlesslh STATUS MaTR: 0N HTR: DIs
HIASTATUS MATR: 0K HTR: EN&4 EBED:z O FIBz OM FIEB BIAS H: OW FIB BIAE ¥: OW FIB BIAS A: OM  BED BLAS: 0N
FIB_STATUS
OBS:  LIST Cal: OFF FLTAGND: FLT COIN: DIS | SUM: HEY MEMORY SELECT: A CAalL TRIG: DIS | AWTI : ENA
BIAS K: OM  ENA BIAS ¥ L¥: 110 SUM-X GAIM: 1 SUM-¥ DIS LEWEL: 20 ANTIT: LOW EMA [ AMTI4: LOW ERNA
BIAS Wi OM  ENA BIAS % L¥: 110 SUM-% GAIM: 1 SUM-% DIs LEVWEL: 30 ANTIZ: LOW EMA | AMTIG&: LOW ERNA
BIAS A OW  ENA BIAS A1 LV: 1] COMP LEWVEL: I ANTIS: LOW EMA [ AMTIE: LOW ERNA
MODE:  AUTO BIAS A2 LW: ER T_CT: 1 Z_Na: 23853 ANTI_C: 1045 [DW_Wi1: 0Z2ED[H] DN_W2: 0512 [H]
SURFACE Y%-Z2 SURFACE X-Z
- WORD FBEE 0 NS0 JEHE 153 - WORD 9 BR800 BEE5 JEHE 473
-
i i
G_MIN G_MIN
i X
SAVE FILE NEME: |  rem_ 20091209
SEVE — & | A& — | s pisseL | AUTO Gool | [EERERNO cT/UP | Juwe | EEEEN 45
o1 | F L | Ewersy  |[FrEcocsET ] EENERNG 0 CT/D0WN | scan | [AEEERNE zo555




Example of neutron track @ s

CMAIN | (o) |
RECY: w% [TIME:DS 12 09 23 59 59 ([H]) 'DATE: 09.12.09 [TIME: 23:59:59 [BUS=V: 0.00[¥] BUS=T1% o0.000([A)
HEADER: 84 84([H] EQT: EE EE[H] HBSTATUE  FF[H] R4S STATUS MAIN: ON HTR: DIS
-Eilsmn;g NATHE On  [HTBSS Ena BEDE OM FIB: ON FIB BIAS X: 0N FIB BIAS ¥: ON FIB BIAS A: 0n BEBD BIAS: 0N
OBE: LIZT CAESY OFF FETIENDE FLT [COINE DIz DSUNE x&Y NEMORY SELECT: A [CAL TRIG: DIs TANTI f ENa
BIAS XS ON  ENA BIAS K LY: 110 SUM-¥X GAIN: 1 SUM-X DIS LEYEL: 30 BHTI: LOw ENA DENTIN: LOW ENA
BIAS ¥: ON Ena BIAS ¥ LY: 110 SUM-Y GAIN: 1 SUM-Y DIS LEYEL: 320 ANTIZ2: LO¥ EMNA DANTIS: LOW EN&
BIRSTA: O8N ENa BIASATLY: ES COMP LEVEL: 0 ANTIZ: LOW ENWA4 DANTIE:S LOW EHN&
WODES 4UTO BIAS AZ LV: ES TiGTE 1 S NoE 25101 ANTI_G: 337 'DN_WIE 0636 [H] DN_WZ: 05EALH]
SURFACE Y-2Z SURFACE X-Z
PEGRDN 11 B 0 BEE o0 JEEE153 WEORDN 5 BEE 0 BB s EEE4T3

I

G_MAX

- G_MAX

|

=
. G_NIN

(USAVE'FILEINAMEST  nem_20091209

— % |_#& — | oissec | auto ceol | NN cr/up | Juwe | 1630
.k T | F L | ewersy | | 0 _CT/oowN | scan | ENNRENE 20656

G_MIN

A




Example of proton track, (No anti-coincidence)

BFIB_G2
Wi TN (DL
REGY: " =+ [TIME:19 08 07 17 47 48 [H] [DATE: 09.08.07 [TIMEZ 17:47:48 [BUS=W: 0.00[v] |BUS=I: 0.000[4]
HEADER: 84 84[H] EOT:0 EE EE[H] [HIESTATUSY FFLH] [EHlATITETATUS Y [HETHE ON HTRE D OIS
HIESTATUS . [MAIN: oM HTR: EN& BBOECH  FIB: ON  FIB BIAS #: ON FIB BIAS Y@ ON FIBBIAS A: 0N BED BIASE OM
FIB_STATUS
OFSE LIST GALT . OFF [ FLT/GNDE FLT [GOIN:Z DIS [SUNE ZorY [ HEMORY SELEGT: 4 [GAL TRIGHDIS [&NTI 2015
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Neutron distribution map FIB and BBND, (No solar flare event)

*Neutron count rate of FIB and BBND world map.
*Neutron count rate is enhanced SAA and high latitude region caused by
trapped radiation and GCR.
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The energy spectrum of neutrons by the FIB detector

® Observation result of background event rate is compatible to the expected

rate (0.2-1.3 counts/sec) which is based on the radiation measurement in
low earth obit.

Excluding SAA (~ 0.047Hz) SAA (~1.7Hz)
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Energy Spectrum (7Months in 2010)

* About a half year : 2010.1.1 - 7.31 (about 700,000 events)
*Exclude SAA region
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Solar flare event study (@%

® M class flare event : February 6-8t of 2010
® All locations of ISS are sunny side, so solar neutrons are detectable.

<

“No solar neutron event “ in this M class flare. => We need X class event !
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Summary of measurement result of NEM

Observation result of background event rate is compatible to the
expected rate (0.2-1.3 counts/sec) which is based on the radiation
measurement in low earth obit.

There is no solar neutron event in this case study on February 6" — 8t |
2010.

We have also measured the background neutrons at ISS from the main
body of ISS at normal region and over SAA.

We are waiting that solar activity is increasing and X class flare will be
occurred.
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Floating potential [V]

PLAM Floating potential and ECL
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Floating potential [V]

abs(MLAT) [deg.]

PLAM Floating potential and MLAT
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® RFIRERE=2 (AOM)
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AOM ACTM_REFA1 Plot Only 12<T<18 DEG.C
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AOM ACTM_REFB1 Plot Only 12<T<18 DEG.C
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Purpose

The purpose of EDEE is to monitor Single
Event Effects (SEE) due to ionizing particles
In space to electric devices used in JEM.
Therefore, EDEE will carry several important
devices among those used in JEM and evaluate
their functions. The acquired data will be
reflected upon trouble shoot if it happens in
JEM, and also the improvement of the SEE
prediction method on board.

Specification

Picture of EDEE EDEE carries four types of devices, Memory,
Micro-Processor Unit (MPU), Power transistor,

and Power MOSFET.
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V70-MPU NASDA SEU (Single Event 32E vk
38510/92101xz Upset) MPU
SEL (Single Event
Latchup)
2 1MbitSRAM NASDA SEU (Single Event
38510/92701xzd Upset)
SEL (Single Event
Latchup)
3 n—channnel NASDA SEB (Single Event TIEE
Power 2SK2271 Burnout) [t
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- V70-MPU SEU/SEL : Not observed
- 1M SRAM SEU : Obsereved
SEL : Not observed
- PowerMOSFET(@175V) SEB : Not observed
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LET,~4.4[MeV/(mg/cm?)], EaF1REEETETE 0 s=3.3X107[cm?/bit]
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Mission objective of JEM/MPAC&SEED

— Capture space debris and micro—meteoroids on ISS orbit.

— Exposure the materials and evaluate degradation which caused by space
environment such as atomic oxygen, ultra violet and space radiation.

% Exposure only. No electrical device

— Samples have to be retrieved to the ground and analyzed.




JEM/MPAC&SEED Samples

Gold plate on Sample Unit2 Silica-aerogel on Sample Unit1
e e T—— é

SampleUnit3

SEED samplesESample Gnit 2&3

Solid lubricants / MoS, on Ti-6Al-4V
White paint / NOVA 500 ASTRO WHITE UV monitor /(Urethane Sheet)/DUS-601
Black paint / NOVA 500 ASTRO BLACK
Ge-coated Black Kapton

Black Kapton
Polysiloxane-Block-Polyimide Film Dosimeter3/TLD
Modified Polyimide film /Siloxane Coated AO monitor/VESPEL
Pl

coated UPILEX-25S Temperature/Therr:;) Label
{LEX-125S S8

Space Environment Monitoring Materials on
Sample Unit 2&3

Dosimeterl/RADFET

Dosimeter2ALANINE-Dosimeter
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