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. Entrance mirror EXCEED structure
- Launch : Sep 14, 2013, Epsilon rocket
- Size 1m X 1m X 4m :u;*TT T 'I"‘i'—t—i’"r"'l'—w—i'-'"v"'-l'—'i*-i
- Orbit : 950km X 1150km (LEO) I/ y SRR SRR
- Inclination: 31 deg T S — ¢ | S T ==
- Orbital period : 106 min e < >
LL ________ / y T~ ; Grating
FOV camera MCP  Light trap
The optical layout of EXCEED.
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Over all sensitivity of EXCEED (Yoshioka et al. 2014)




ANEWTE

Jupiter: Corotating flow around the planet

- * *Driven by the planetary rotation angular momentum transport from planet to
magnetospheric plasma

Source of plasma
(lo plasma torus)

Earth Jupiter
— C I
1777
J
~10%km <= i ~107km
Global plasma convection : Earth vs. Jupiter (Kivelson 2005)
Hh 3k RE-LT 2
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Plasma corotation flow enforced by the M-I coupling current system (Bagenal 2007)
*  Primary plasma source: lo (L~6)
«  Outward transport of the io-genic plasma
cause to decrease azimuthal flow speed due to angular moment conservation.
«  MI-coupling current system is set up and the radial current accelerates the azimuthal flow by JxB force.



Plasma condition

Aurora lo plasma torus

* Electron impact excitation
H, Warner & Lyman bands
H Lyman-o

* Electron energy ~100keV

* Electron impact excitation

 Thermal (core) electron:
N~100-1000/cc, 4-6eV

e Hot electron: ~¥1-10%, ~10-100eV
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Spatially resolved spectrum

(Integration time 550 min.)

Yoshioka et al. Science, 2014



Hot ele
fraction

Hot ele
density

s+ [

s+

Yoshioka et al.

Science, 2014

S & (BREKEF)

Electron density is ~1500 /cc at
5.9R]

Core temperature ~5eV

[S2+] > [S+] > [S3+] (2:4:1)

No dawn-dusk asymmetry

Outward transport of cold plasmas

=i Inward transport of hot electrons

10-30RlJ:
Aurora sources
(~ keV)

-2RJ

Radiation belt

lo_plasma torus (~eV-~keV)
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Discovery of

internally-driven aurora
0 gradual variations over a
few days: SW-related
variations

O transient brightening on
4th 11t and 14t during
the quiet period

Total Power (GW)

Vx[km/s]
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350 .

External driver

: Jme. Solar wind
_-C"‘__.-."I COmprassion

ﬁ-:E

]
la Plasma Torus

Internal driver

B Internal plasma
- supply rmm Iu

-10

(IPT}

e
N
%

Energy release
(magnetic reconnechunﬁ

Energy transport
(convection, EM field,

Energy dissipatio i T":'_:gmm particles)

{emissions from
aurora and IPT)} -3

Kimura et al. 2015

||||||

Suggestive of
internally driven
transient aurora

low |
<«— |atitude
emission




{G:} :zgg aurora (138.5-144.8 nm) ¢ jfﬁiﬁﬁﬁ“ )
= o8 T ﬂ L mmmE
(b) eOF" S -
i BCI:E— aurorag (126.3=130 nm) K %ﬂ;&ﬁﬁ“
il 7 | BATRE
zﬂE li & g TIVAR
o "o . E L g
(©) :
a * s
Ej + | " ? %J’Egﬁf;
o 2 2 118 co0 20 .%. il Lo Lt (fatE)
Sl bt S i B0E
-II' § G
(d) =
> SGD:
byt 5‘-? WW& i fitH
[ 100 s, r.
(h,l 2{}%- J,n',-fn ':? E‘f“ETn[kEV]} &
E_;‘-IE 15:—1 @
‘g’%‘ 1D§" i _' e :
B EeS ¢ Pl Bl
A mﬁmﬁﬁm f---
I:IL ok 11 ' |
‘EDZ 0.3 HST observation 1
e 0 i ik
a _113

Aurora spectral analysis

lD
day of year 2074
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Tao et al. 2016
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What parameters we can deduce from EUV spectrum?

lon densities [S*], [$*], [S™*], [0*], [0**]  For each ion emission lines (Jtol)

— From intensity of each line
Electron densities (core and hot)
— From total intensities of lines

Electron temperature function

— From relative intensities between lines

Probability de

I[RI=10° [ A, f,(T..n, )n,,dl
LOS
The Einstein coefficient
fi: Ion fraction in the state j
T., N, Temperature & density of electrons
n Ion density

Al

ion

101

— ——rrr
-_— smgle maxwelllan (5 9eV) 3
=4.2% hot electrons (5.6eV, 350eV)

10

| L Lo
102
Electron temp. [eV]
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Parameter determmatlon by spectralflttmg

Y
o
I

-L Hot eIectron r|ch

Free parameters fc_’,;gj' +— No hot electron
- Ll
Qo |
- (S+,52+,53+,0+) < 10l
- 0_ A
200 200 D00 00 00
- Core _ Wavelength [A] ‘
- Hot fraction T . ol T T T \
Fixed parameter - A/HOt electron Geocorona
- H+ ,02+ 20 / 520
- Hot (~100eV) 27 e
» .: &
IIRI=10° [ A, f;(T..n g dl |20 | 5 10
LOS _
ELRZARORIVIZyTaT L. S |
free parameterZ iR 000 800 9~300 1000 1160 1200 1300 1400
Wavelength [A] \ Wavelength [A] )

Aji and f; .are provided from atomic database

1970’-1990" : COREQ (COllisional and Radiative EQuilibrium) by D. Shemansky
1997- : CHIANTI (Dere et al. 1997) Atomic database with UV emissions.
2015 : CHIANTI 8.0 released in Sep. 2015 (Del Zanna et al. 2015).

We use the CHIANTI atomic database to obtain
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The difference between CHIANTI 8.0 and 7.0

CHIANTI 7.0 in Black and 8.0 in Blug
100 E— T T T T T T T T T T T T T T T T T T T

e The difference between the
CHIANTI8.0 and 7.0.

RayleighalAngstrom

O+ CHIANTI B0 - 7.0

(Nerney et al. 2016). e o L.
% 6F E
.y -3 E
e O+ emission at 83.4 nm shows 3 ﬂ E
20 P 3
clear difference. L : e b
E 20 : : . : : : i | ~—_.: |_.r-:1a'1hrl'r|$_f|'7:|} . | : — | —
* S+ and S++ also show difference BE
3 f " |
especially at shorter wavelength. g oF . | A |
g ; P A G _St+ CHIANTIB.0-7.0 T
2 of E
g 10F E
B
T B0 BOO T 1200 1404 1600 1600

Wavelengih (Angstroms)

Figure 2b. Differences in emissions predicted by CHIANTI 8.0 and 7.0 for
typical parameter conditions shown at the UVIS resolution. The
differences in S and O™ emissions between CHIANTI 8.0and 7.0 are

negligible.
From E. Nerney et al. 2016, JGR
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Limitation of EUV spectroscopy

No change in cross
section over 50eV...

)

Emission rate (eV cm®s™)
o

X-ray spectroscopy .
for hot plasma ’ | 10 100 1000
diagnostics Temp (eV)

lon emission rate vs electron energy
(Delamere and Bagenal 2003)
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X-ray from lo plasma torus
O Soft X-rays from IPT observed by CXO/ACIS

(Elsner+02)

O electron: bremsstrahlung
O ion: unknown. OVII line via Charge Exchange??

«— Callisto o

Ganymede

(Elsner+02)

FiG. 2—HRC-1 image of the [PT (2000 December 18). The image has been smoothed by a two-dimensional Gaussian with o = 7738 (56 HRC-1 pixels). The
axesare labeled in units of Jupiter's mdius, Rj, and the scale bar is in units of smoothed counts per image pixel (7738 »x 7738). The paths traced by lo (solid line,
semimajor axis 5.9 R;), Europa (dashed line, semimajor axis 9.5 R)), and Ganymede (dorred line, semimajor axis 15.1 Ry) are marked on the image. Callisto
(semimajor axis 26.6 R;) is off the image to the dawn side, although the satellite did fall within the full microchannel plate field of view. For this observation,
Jupiter’s equatorial radius corresponds 1o 2379, The regions bounded by rectangles were used (o determine background. The regions bounded by dashed
arcles or solid ellipses were defined as source regions.




RAT(EBR)

IPT spectra

“F 1cf. OVII lines can exist
3 0 iwith T~40eV-6keV in
2 P70 i . e .
ém ; OVII@574eV?: i collisional equilibrium
8l iplasma WITHOUT CX
2 1(ATOMDB, Smith+)
5 002 —

S S (Elsner+02)
Thermal Bremsstrahlung Plus Gaussian Line®

S s6(+6-5 | electron Bremss
BRI .ot i i S vemiiass 7(+4/-2)
Eiine (€V) wovooveresmsrsssssssesseesssessssssseesseessessesssssee se7+10-12] QVII@574eV??
T LBV ) eeererreeeerereeseeresseseesesssesessssssseseessessesesssesssessens 0(+28)

A0 counts s 1 em?) e creeceee e 4(+1/-1




X-ray spectral mode| =
of IPT Including CX

Relevant reactions (for O%+)

O Contributing to radiative process
O Electron collision excitation (EXC):
e.g., 06++e_ 0*%"+e_ O*®+e+hv
O Contributing to chemical and radiative process
O Charge transfer (electron capture) (TNS):
e.g., O7++X - 06+*+ X+ O*6+hv
O Electron recombination (REC):
e.g., 0’*+e- 0%, O*%+hv
O Electron collision ionization (COL):
e.g., 0°*+e- 0*%"+2e-0%%+2e+hv
O Contributing to chemical process
O Electron stripping (STR):
e.g., O>*+X- 0o+ X+e, O>++X*+a_, O6+4X*a-1
Red: charge exchange (CX) processes in this study

O Blue: collisional processes dealt in astrophysical plasma model
(CHIANTI/APECQC)

O




lon balance AT CERR)

dN
d_tq = Source, — Loss, =0
COL REC STR (NEW)  TNS (NEW)
Source, =N N, 1, HNN R .|+ z N NG S| Z NN To
t>q-1 t<q+l
n
Loss, = N,N 1, +NN,R, + D> NN.S .+ D> NNT,, +7q
E2 t#q
q transport
N, + D N; =N, loss
i=0
Zgﬂtrzi' For g=0, neutral source rate is included:
urce, =N+ N,No 1o+ NN R+ D NN, Se o+ D NN T
t>qg-1 t<g+l

N_q: density of ion with +q charge [/cc]

N_p: proton density [/cc]

N_e: electron density [/cc]

N_t: fraction of CX target [/cc] These equations are

I: electron collision ionization rate [cm~3/s]
R: electron recombination rate [cm”~3/s] solved as a Steady

S: electron stripping rate [cm~3/s] problem by Newton
T: charge transfer rate [cm”~3/s] method
tau: transfer loss rate [days]




Free parameters value, range

ion fraction wrt total ion 0.0-1.0
density n()a B nq

electron density [, 0.0-105 /cc
Fixed parameters value, range
Temperature 1eV-10keV

hydrogen/electron ratio 0.1

oxygen abundance wrt 9.0 (no sulfur)
Hydrogen

cross sections See below

neutral source rate , N, 10x104 cm3/s
transfer loss rate 50 days

Neutral velocity relative 58 km/s ~ 280 eV for
to corotating plasma V,q oxygen atom

Parameters RHEE

comments
q=+8 for oxygen

almost
constant~4800/cc in the
solutions

comments
Ti=Te (equilibrium)
Delamere&Bagenal03

0O/S=1.7-5
Delamere&Bagenal03
Bagenal94

COL (I), REC (R), TNS
(T), STR (S)

Delamere&Bagenal03
Delamere&Bagenal03

Velocity btw corotation
and Keplerian at 6 Rj



Cross sections and source rate

O

R+ (GEHE)

Cross sections of COL (I) and REC (R) are from CHIANTI
database

Relative velocity btw neutrals and corotating plasma is
incorporated in neutral’s rates

Charge exchange cross sections are derived from Janev+83, 88

CAVEAT: No complete CX cross section data at low collision
energies (<1keV/amu). Especially for O-O reactions.
Substituted to O-H reactions as an initial approach.

No energy dependence of S and T on energy is assumed
Source rates (alpha=I,R,S,T) are derived by
o= I:a(v)vf (V)dv

3/2 o)
f(v):47z( m j Vv’ exp[— mv ]
2 77KT 2KT

O For n-i reactions at lower temp (<280eV), velocity = v_rel
O For n-i at >280eV, i-i, velocity = v_i
O For n-e, i-e, velocity = v_e
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Arbitrary units

REUVA—ASARIRIL

* H2 Lyman band, Werner band, H Lyman-a
* AL BEFDIRILEF—DEVE EBLVEE

[ZH D

0.10

0.08

0.06

0.04

0.02

0.00

RALKRIEESMDORINER TS

FE(NICT)

1 EBEIRILF—EF BIRILT—EF

I ﬁ

B mL
I amg?

- a

— absorbed H,; + HLyo
(CR=2.5)

—— CH, abs. cross-section
(linear)

B color ratio

L | |

1000

Wavelength (A)

1200 1406 1600
[Gustin et al., 2013 J.Mol.Sp.]

unabsorbed H; + HLyoe

RINBHY

1 | RIEKRIEE @
1 | (CH4, C2H2, ...) AEXR

1800

XK. H2ANMD 100 eVEFEHEIZEDEEREARIML(FH).
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FE(NICT)

JRF-nFHET—31

H, BRARIIILDEH

BRI : ARIMILD G, iAEKFIEEDORNEZRIELY . 53ISEIITEF
IRILF—EHREFTL, F-. ARIVMLZRAVWTRINATO £ FAEEZ R
O MDA ELLRT S,

ik

- ETILETE TEL,BCB DEIRE~NDBREINENNET,. A—ASE
F[EIAHTET JL[Perry et al., 1999, Hiraki and Tao, 2008]#ZH&L
1:0.9:0.16:0.15&L TLVS,

Frank-Condon factorsds KU Einstein{Z Mz FAWLNTARIRMILZEH (X H),
"ETILRRZIREL. RIEKRIEEWIZKAWRIY I EIE)ZEEET S,
— NV T IINFHEERICKAREA—OFTEARARIMNLDORINES
fHIELTSRLTLS,

EETILARGRILEEBIEEN D, TNITHL, EBEEARINLOBIR
T K, TUORIIT—REAFTESLEELLY,



FE(NICT)

Hy R NN FEIEARINILEH

Electron precipitation into ~ Werner band (C) { C—X c Stat%brat’ional level
atmosphere Y. . = I q X2C 2wyt — vemission
I i v ST A, [Gérard and Singh, 1982]
Py X state}
H, excitation rate I,V :transition rate [/s] '
. Ic: excited rate [/s]
UV emission spectrum < q,,0¢ : Frank-Condon factors (ratio of v’ in C states) [Spindler, 1968]
. HC absorption A, : Einstein coefficient (v'>Vv"’) [Allison and Dalgarno, 1970]
UV transmit spectrum
' Lyman band (B)
UV emiccion rat We add contribution from E&F states (25%) [Gérard and Singh, 1982].
emission rate .
\Transmon from B’, D states [Fantz and Wunderlich, 2006]

‘Transmitted spectrum is obtained as follows

f [ - o™ o hcf:ore
!-;1mlf1l'l] = i’lil':-‘:'i:"':":l:I R /erTp]L -\‘-”H. \< J”rl' B 1077 :;‘ S0F after absorptian
. S i oot S 40 50 keV gase
l,: original emission intensity g 5 |
derc £ 107 £ %)
Ny density of HCs molecule $ o ol
Ocys: absorption cross section g - CH, § 10}
~ [Parkinson et al., 2006] ° o @ kN £ 0 ———
.. . . 1 1 14 1 1 80 100 120 140 1860 180 200
UV emission rate is obtained as b b o
altitude integration of | ... Fig. HC abs. cross section Fig. spectrum before/after HC abs.

[after Parkinson et al., 2006]
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F-DFRIRBRT—%2

715
A—ASEFRAHETIV
BH:A—0ZBFN. EORT[BEFTRAL, AR EEH - RiEd 0 FHE

ik
H,(+He) KRz EL . EFZRYFHE S,
AREDFERCHEAEZE M TIRS. EVTAHILOGTEZTI,
-{E1ZE T E#E [Tawara et al. 1990] <1 keV, cf. REA—HAF ~100 keV. #xfZ5}
471'/“:0) &%?&@I*)Lj\: \@E electron ggaul
[Vahedi and Surendra, 1995] H{}Q o

BREL A E (A4 1L - BCRI AR T 22 el

{rnlal:ion. vibration, (1)

| | exciration, ionization |

IRILEF—IKTEFSEZE Rutherford formula TH5 X% E'E?l‘f:bkl )
[Lumme[zheim et a_Lr 1989] H2, He® a?ﬁlxl’l‘ﬁﬁ*ﬁ [Tawara et al., 1990]
IRIILF—KIZERTABREL. il 7 N Bl N
IRILEF—IMIGHEFERTREL. o Sy G e

cf. BB D 1§ oo

S>ETILEIDEND—EF * 3
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Rs (N-S)

hhofbaoasmwesmnm

H (B E KZF)

Paranicas et al., 200

=10 -8 -8

Enceladus™® " Enceladus
Esposito et al., 2005

Krimigis et al., 2007 Paranicas et al., 2007
*  EnceladusBE E#2IRD K2R F(H,0,0H,07GE) 55 Xk,
FRANTSAIMZLN
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