ISSN 2433-2216(0nline)
JAXA-RR-18-010

FHEMZMARERERARTERS

JAXA Research and Development Report

/) \ERERE S OMmIm RN EAIREPHOENIX DRF

Development of Ultra-small Imaging Device, PHOENIX,
for Plasmaspheric EUV Radiation

R IErE, S AKX EH MR NLExR TR FE S/l —H

Masaki KUWABARA, Kazuo YOSHIOKA, Reina HIKIDA, Go MURAKAMI,
Shogo ARAO and Ichiro YOSHIKAWA

2019534

FHMZEHFRRFERS

Japan Aerospace Exploration Agency

This document is provided by JAXA.



1 FiR 2
2 Plasmaspheric Helium ion Observation by Enhanced New Imager
in eXtreme ultraviolet : PHOENIX - :ccccreroeerertnmmmmmanattiee, 3
2'1. PHOENIX ®$%E‘Z ..................................................................................... 3
2.9. %)%’ Hﬁ}ig—ffﬁ ............................................................................................ 5
2.3. %E%Hﬁ74’ﬂ/& ...................................................................................... 7
24. ~A7u0FxrxNTL—hFMCP)BIRLV VAT 47T /) =Rz a—4F—
(RAE) ..................................................................................................... 9
2.5. PHOENIX @*ﬁﬂj;ﬁ%ﬁ ............................................................................... 12
3 T8/ R 15
BENB 15

This document is provided by JAXA.



B/ N YR A AL D flr g S8 A1 G BLHI 2 & PHOENIX D BR %
FF RS, I ISR, BE B0, ML SN R REY H) —mP

Development of Ultra-small Imaging Device, PHOENIX,
for Plasmaspheric EUV Radiation

Masaki KUWABARA"!, Kazuo YOSHIOKA ™, Reina HIKIDA ™, Go MURAKAMI!,
Shogo ARAO™ and Ichiro YOSHIKAWA *

ABSTRACT

EQUULEUS (EQUilibriUm Lunar-Earth point 6U Spacecraft), which is a JAXA’s ultra-small deep space explorer,
will be launched by the prototype of NASA’s manned rocket, SLS (Space Launch System), as a piggy-back satellite.
By using gravity of the sun and the moon, the explorer aims to navigate efficiently to the Earth-moon Lagrangian
point with orbital transformation ability that can be realized even in CubeSat which is strictly limited by resources.
We are developing the Extreme Ultra Violet (EUV) imaging device, which is named PHOENIX (Plasmaspheric
Helium ion Observation by Enhanced New Imager in eXtreme ultraviolet) and will be installed in EQUULEUS.
From the Earth-Moon Lagrangian point, PHOENIX will obtain the distribution of emission from He ions (at a
wavelength of 30.4 nm) spreading in the Earth’s plasmasphere in one flame. By continuous and long-term imaging,
we aim for a comprehensive understanding of dynamic picture of the plasmasphere. PHOENIX has an optical
system composed of a multilayer reflecting mirror, a metallic thin filter and a two-dimensional position detector,
and each performance affects the possibility of its succeeding in the observation. The size of the spacecraft is 6U
(10 x 20 x 30 cm) which is extremely small, so the enveloping area given to the instrument is also very narrow (7
% 10 % 10 cm). The reduction in the light collection efficiency due to the miniaturization of the main mirror would
be highly important problem when installing the EUV imager in the ultra-small explorer. Also, since there is no
window material that effectively transmits light in the EUV range, the optical system must be reflective. Therefore,
in order to reduce the size, disposing a detector on the optical axis is needed and reducing the opening area is
inevitable. In this research, we have optimized the optical system of the EUV imaging device which can be mounted
in the ultra-small spacecraft based on the design of the optical systems used for the conventional large spacecraft.
In particular, we have focused on making highly efficient the multilayer reflecting mirror, which is responsible for
convergence of light, in order to solve the above problem. In the conventional large-scale exploration plan,
multilayer coating consisting of a combination of Mo and Si has been used for imaging of light at a wavelength of
30.4 nm, and its reflectance is about 18%. In this study, multilayer coating of Mg and SiC which can attain
reflectivity about 2 times higher than Mo/Si multilayer coating has been adopted. In addition, the opening area has
been expanded by improving the resistive anode encoder (RAE), used for the two-dimensional position detector,
from the conventional rectangular shape to the triangular shape. In this research, each performance of the Mg/SiC
multilayer reflecting mirror, C/Al/C thin filter and two-dimensional position detector has been experimentally
evaluated. From the experimental results, we have evaluated the detection efficiency and verified the feasibility of
observation by PHOENIX. As a result, we have confirmed that PHOENIX has enough performance to detect the
plasmapause with a spatial resolution of 0.1 Re and exposure time of < 1 hour. This value is sufficient to discuss the
behavior of plasma in the Earth’s plasmasphere.
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NASAD A A=/ FSLS (Space Launch System)si{E#DFHRE U i 2 & L CTIAXAD R/ NUTRFH
PEAEFSEQUULEUS (EQUilibriUm Lunar-Earth point 6U Spacecraft) D15 EIF A FE STV D, =

BRAEMIIRGoH OBRENEFIHT L2 L1280 U Y —AHfl# Dk L CubeSat T § FE8L A RE 7 #E
BHHE I CHIER— A DT 77 ¥ 2 i~ HATT 2 2 L 2 BT . T4 1L Z DEQUULEUS
BRI H S 5 iR 2 6 (EUV) iR 4 24 # PHOENIX(Plasmaspheric Helium ion Observation by
Enhanced New Imager in eXtreme ultraviolet) D B 21T > TV 5. PHOENIXIIHIER 7" 7 X< [&IZ L)
HANV T AAF DR NAER304 nm)EHIER—A DT 77 0P a2 miinbl oD 7 L— AT 5.

HFE NSRBI ORIGEE21T 9 2 & T, 77 A~ Eo##iE O KRB 2 Hi59. PHOENIX
X2 R, SRERE T V& B LUK ER NG N DRI EFRERALTRBY, FheE
NOMERENBIR OS2 EAT D, EEKOY A XHR6U (10X20x30cm) & IEFIT/INETH Y, Zh
HOBLIER I 5 % 53 2 A S RO TH/NT*10x10 ecm) e D & 72 5. H/NUZEEHICEUVIRIG &5
PSR DBRICHRRCRIE L 2 2 00, EEO/NURIZHE S RN OIRTTHDH. F7z, BEUVHEK
DI BT D EMIIAAE L RN 2O F RTINS TH D LB H D . 1> T, NMULDTZDIZ
IotEh IR RS A BLE L2 T e 57, B O mEOME/ BT HivZevn. AR TIE, Eko
RERERIZH WO TELEROH 50 F R ORGH & FEIS, #/NUEERICHE#S A TRE R EUVIRE
BEON RO ERK -T2, FrlZ, FLREERRT 5720, RN 2 5 Za Eio
BRI E R 2 B W T 21T o T2, (ERO RBEAEF T, EE304nmmOEORED=DIC
Mo L SIOMMAEDENOKDLZEIET—T 4 TRV TE Y, ZDORHRITI8Y%EEL ThHh -
7o, AW TIIMo/SIZREIE = — 7 ¢ v 7 X 0 K25 @O R SR & K AT e 7e Mg & SiICD & Jg i = —
T4 T EREHMCEMA L., E61C, 2RaefERHSICHNWONTWH LY AT 47T ) — R
T a—X—RAE)EERDNAENS ZABICK R T 5 Z & T OHmBEOIEREK 7=, Kk

Tl LR OMg/SICE BRI ST, C/AVCHEEE 7 ¢ V& K UK JCALE R 2 % A0 AL DOPERE 2 SE5R
ALZREAN L 72 A iR % . FEBRAE B 7> 5 PHOENIX O i (2038 2 54l L, #B1  SZEL T HENE & MR RIE
L7z, Z Ok, PHOENIXIZ T T X~ [ 5l & 22 53 AFRE0.1 Re, 1HFMHEILLT D& HifF ] CTHLH W]
BERMREEZA L TCWAZ E2MRB L. ZUIT 7 A~E o8GR ZiEm T 2+ Th
5.
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WD LT 5239 20074E I IZKAGUYARTEIZ X 2 A JARIELE > © O#REEIZRD L T 559,

This document is provided by JAXA.



A/ NURAFE PSR O M 2R AL BLEN S E PHOENIX 0 P % 3

HIERINUE O b AR AT TR Y, I TIR20154 108/ NV A HEPROCYON D BLHIC 1 1
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Observation by Enhanced New Imager in Extreme ultraviolet)® i %6 2 F 231 T\ % . PHOENIX(X, ~V
T LAl A A2 D KBG LIS EELIC £ 0 R T D iSRS (R 30.4 nm) & > B kR BRets
L2 LIk, I AEOBBIBEO KRR AE B4, 77 XA~v@Eod, b L<ITE< %
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Ry vaviIADEL, TRLLTIAVENSTHICESEND Z LT, HEREROE £ Th
ML TCWAHERT T XA~ E, OLODT7 L —AIZNDDZ ERHRLIMBOD TCEELEESTHD.

A 3L CIEPHOENIX O 2235 L OMERE Rl O 5 R DWW THRE 2.

2. Plasmaspheric Helium ion Observation by Enhanced New Imager
in eXtreme ultraviolet : PHOENIX

2.1. PHOENIX DO#Epk

PHOENIXIX 8%, 7 1 /v 4, 2IRJCATE R s THERL S35 ORI 8E T d 5. PHOENIX DA%
B A KR, ESEICIIMe/SICO L@ —7 > 7 & i L, SKEERNIE30.4 nm TR (2 72
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RUVALL T2 5. 2R MmO/ 2 5 72912, PHOENIXIZIZHHIZBAZE L 7-Mg/SiCZ @ s bt
BEEHOWTREROMN E2R AT, 512, EROMNAEORAELY ZAICKE T 5 2 & THHtEE
PREFI O ERE 2/ L, B D mEOIKZ X > 7.

PHOENIX DAk Z R U R T . Aiw L CTlX EERAERER O 7 7 A N Enioxtd 5 MEREREh D5 5
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1. PHOENIX DT
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SN BLHIERD 1/4 LLTFIZ7e 5. AR CIE BRI L k75 HHYT Mg & SiC OFAEHHE
D> 6 % 5 26 JE IR R 85 2 BT B %E L PHOENIX O B85S V2. SefTifZeic X 5 & Mg/SiC £ )3
IR 8513 R 30.4 nm DYEITxE L, Mo/Si ZJEEKHEL D bR WKIREEZ AT 5 2 L RHE S
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[X19. BAERERONR LT GO
LMD H, MCPOEFINRITERELEH L. SRER T L
2 OFEEZ1E30.4nm & 58.4 nmiZ k5 S OIFXEHE %, 83.4nmE 121.6 nmiZ %}
THLOIFFAEEAFEH L.

2R ORHEZIER

PHOENIX G R RK D3 A RAE S 5. PHOENIX® B O & 1%11.66 cm?, 1E° 27 B LS BiATe T
RA1E21.92x10° str T %, ZDE X1 7 B HIZY OFHERNIILLTO L 5 IcEE 5.

10° )
N=EXBXSXQXRMirrorXTFilteerEMCP ( )

Z 2T, B[Rayleighli3 o8, S [em?iXBl 0@, Q [strlidl 7 B2 FIATeN AR, Ruinor
XL BRSO RO, Truel T8 BHERE 7 ¢ L 27 DB, QEmcelIMCPOETFEILETHS. N
FREROBRHENFEIL, #5K30.4 nm (He IN)IZx L CT9.8x107° cps/Rayleigh/pix T 5. FAERRESE D
DERBLOEROBHNELRSICELDD.

5. PeA30.4nmIT 9 5 SAEALEE SR DR L OER O R HghR

ST RS 13.1%
T 4 VB DFEE 19.6%
MCP D & 7-#h 3 21.5%
RO RR 9.8x10 cps/Rayleigh/pix
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BUAXIRCTH DT T AEONY 7 AAF 2 OFH(30.4 nm) D FRE X EATHFIRIC L 0 O fHT
T5 RayleighfJ£19, 7F X~ P& T0.1-0.5 Rayleigh? L #E ST\ 5. —J7, Bl ) 4 X
DOERER E LTI REDIRANER LOMCPORFERNZET LD . KR~ 7 AR T OFE(58.4
nm)l, MHROENRKRE S RWIZOERIBANE LTEETOIMLERD L. FATHIFEOR R )
57T X~ B YL T IR K 100 Rayleigh'”, 262 [22fH TIX7.5 Rayleigh & #iis T 5. MCP
DORFEFITIATHFZEDFEF D> 5 10.4 cps/em?® (=9.7x10* cps/pix) & RE L 72>, B GIC X D FHE
% Nsignal, 1AM & MBI X DFH%E £ & 8 TNpackgrona & 7% &, Signal-to-Noise Ratio (S/NEL)IELLL
TOXHICHEES.

NSignal = Nrotar — NBackground

— 2 2 ~ 2 2
GSignal - \/JTotal + GBackground ~ JaSignal + 2O-Background

3
~ JNSignal + 2NBackground ( )

NSignal _ NSignal

SNR =

Osignal \/N.S‘ignal + 2NBackground

R SSNEEZFE L REZ K0TS, Z0fEEN S, PHOENIXIZ Y T X~ & ik % SIN
>3 TEAAIT 272120, 1R OB HERR TEBIIFTRECTH D, Ziudi~” 7 X~ E o 2 B
T D=0+ THD.
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3. & O/

A IINASADOH A 7y FSLSEREREDFFE VR L LTI H B b 2@/ EE A
EQUULEUS|Z## & 715 EUVELNE B PHOENIX D BA%E 217 - 7=. PHOENIX D Y5253 13 2 J& i i bt
B, SR T VX, QRTALEREEEN KD, B/NERICEUVIRIEE S 2 T D BRI
FEEO/NRULICE ) RO T AMEE 725, AT OMEEZ wRT 5720, Hizl
Mg/SiICZ IR 8 & O = A TERAE A B LSRG ICER A U 7o, #5050 O R O BAR A% F25R
Z L CAHME L, & D5 EPHOENIX I~ 7 Ao 7 o D KB HEHEL Y (He 11: 30.4 nm)IZ 5 L
9.8x107 cps/Rayleigh/pix DN REZH L CNWD Z L a2MER L. BHXSETH LT T A~ EIZIA
DDV T LA F 2 DF(He 11: 30.4 nm)IB KO RO & 72 5~ Y U AJRFDOF O (He 1 58.4 nm)D
REE A SEATIFE ORE R & O TROE LEBLRIO ZBL TR A 5 L7z, 2 ORER, 77 A~ Bkt
1L F OB CIRE T2 Z L 2R L. ZhE7 7 A~B oG 2 iiE+ 257290
IZ+3 72 MERE TH H. Mg/SICEZ BRI T 2 L 0 iR B E RIS ZORETH 5.
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