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1. Summary & Goal 3. Method. 2D simulation of 10’s interaction | 5. PJ58 RESULTS in 2D for Denser Corona 6. PJ57 RESULTS in 2D for Denser Corona

1.1) Juno: two close flybys downstream of lo (Fig.1) 3.1) Atmosphere (Fig 4) (Dols+12) 5.1) Density contours (n,, S, O, other ions not shown) (Fig 9) 6.1) Density contours at CA (n,, S*, O*, other ions not shown) (Fig 12)
e PJ57 at CA~ 1,500 km above wake, inside Alfven Wing (Dec 23 ) * atmosphere of S, O, SO, and SO (10% SO,) 51.1) at ~ CA ~ Sub-Jovi e flank Y~ 1.50 (di din Fie 0 * Densities peak at back of Alfven wing, not at the pole
* PJ58 at CA~ 1,500 km, under wake, outside Alfven Wing (Feb 24 ) * At equator: exobase =200 km & N, 5o, =5.6 x 10 cm- 1.1)a ub-ovian wake tan 50 (diamond in Fig 9) ¢ Max(n,) ~ 40,000 cm3 => OK with Juno/Waves along PJ57 ~28,000 cm3
0 &S corona = Wolven+01 (Fig 4, 7, 8) * n, "~ 2,300 cm=3=> OK with Juno/Waves * Plasma dominated by S* : Max (n, ) ~ 33,000 cm™3
12,000 . ~ ~ ~ 3
3.2) Plasma flow around lo: MHD (Dols+12) (Fig 5 for PJ57) ”S+I Nos t”5<32+| 7f°t0 cm e P 3 S daren - o derci .
=> plasma ical of torus, sli enriched in STan * ectron aensi cm- *densi cm- T densi cm-
3.3) Multi-species physical chemistry (Dols+25) P YP LY 2 . Y ( ) A ) , . 1SIty ( )

10,000 5.1.2) In central wake Y
 Reactions: dissociation, ionization, charge exchange, recombination 2

. Species: elect O O™ S+ SH G+ SO+ SO* * n, ~90,000 cm™ caused by electron beams
{8,000 PECIES: EIECHONS, L5, Mot 97 52 e Artifact of 2D projection: projected PJ58 goes through wake

3.4) Field-aligned electron beams (Dols+24; 25) while real PJ58 skims under Wake (Fig. 1)

Plasma Flow

Streamlines

Altitude (km)

 Uniformly distributed above lo and in the Wake
. -3 ‘ ] . 3
=> not consistent with recent JADE-E observations (Ebert+24) => Future Work Electron'dgnSIty (cm™) _ST denS'ty (cm) O™ density (cm™)

16,000

. * Jlonization as auroral electron at Earth (Rees, 1989) (Fig 6)
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Fig 1: PJ57 & PJ58 trajectories in I-PhiO coordinate system (Szalay) CO0 000 S 6o OO00000SSsaaas a0
Atmospheric neutral density radial profi 2888888882588 £3833258588858585s8
1.2) Goal: Explain electron densities observed along PJ57 & PJ58 o B e e T = e b : . : : :
) P 5 | NwO = 7.1 108%cm? - 128 . ol 4 Fig 12: Densities for PJ57 simulation using DENSER Corona (2 x Wolven+01)
1.3) Method of numerical simulations 10%} | Baz, *3a:l000 ) o 5
: N.;S0,= 5.6 10** cm? :
e P ibed at h distributionin S, O, SO, SO : N.,SO = 56 10%cm? 4 100 : X
rESCribea atmosphere aistribution in 5, ©, SU, 5L, | ) 28 13 2 -1 0 1 2 6.2) Multi-charged ions and ion temperature (Fig 13)
e MHD simulation of plasma flow into lo’s atmosphere m 2 5 B . . .
. _ . = ol o: S299 5560630302000 S  (S*,S™*, O™ ) multi-charged ions drop inside Alfven Wing
* Physical chemistry code run along flow lines of MHD code S | z 1 §§§§§§§§%§§§§§§§§g because of Charge exchange on polar atmosphere
* lonization by field-aligned electron beams <=> like auroral electron at earth N s, N o) 40F { : * <T.>=lontemperature: (not shown) very low <5 eV because Pickup in very slow flow
10} i gg | 1 Fig 9: Densities for PJ58 simulation using Denser Corona (2 x Wolven+01) =>NO EMIC waves IN ALFEN WING (Cao+25)
. - | Exobase =200 km Tene-1 G » .
2 JunO Observat|0ns ? IPE [ ettt .. 1'-2-; Densities along PJ57 projection
0 - . B o S 3 0 0 : T 5.2) Multi-charged ions and ion temperature (Fig 10, 11) I ' ! ' ' ! ]
Radial distance (R,, ) Kkm/ 2 1 0 1 D i .
_ . ] ) . . . m/Ss X corotation (RIO)
WAVES : e_leC_tron.denSItY along PI57 and PI58 (Sulaiman+24) Fig 4: Radial profiles of in equatorial plane of Fig 5: MHD flow around lo in 5.2.1) at CA 10000 £ .
JADE-E: bi-directional Field-aligned electron+beazns 130 J,ev_%. keV] (Ebert+25) neutrals in lo’s atmosphere equatorial plane(X,Y) e (S*,S**, O*) multi-charged ions drop slightly at ~ Y-CA (Fig 10) - ]
FGM : EMIC waves at gyrofrequency of SO,*, SO*, and S* => pickup (Cao+25) because of Charge exchange in polar atmosphere X N -
_1- 1 1 1 il + + n+ n+ LO n B N
JADE-I: maln |or.1 data analysis still in process SO,*, SO*, S, O Juno field-aligned g(n) . ATM SO2, SO, S, 0O + <T.>at~Y-CAis quite high ~ 190 eV (Fig 11) I N
Field-aligned proton beams (Szalay+24) o | et emm | 5 10.00 - v
- 30 6V.30 keV Z gggg 5.2.2) in the Wake 1000 - o*
. : QL : . e (S*,S*™, O*) multi-charged ions drop significantly (Fig 10 .
2.1) PI57 observations : through Alfven Wing © 8.500 ° e <T.>is low<5eVbecause Pickup in slow flow (Fig 11) =1 i
* Juno/Waves: n, ~28,000 cm™ (Fig 2) VERY LARGE g’ gggg g; 7 P57 =>NO EMIC IN WAKE (Cao+25) -
* ~above the pole at I-PhiO (0.97, -0.24, 1.55) © : 7.000 = — . . . 100 E
o T P = 6,500 3 > Pos Densities along PJ58 projection :
Radio-occultation: <n >~ 20,000 cm™ (Buccino+25) VERY LARGE s ! . 6 000 | & | I ! ! - - -
« JADE-E: Field-aligned electron beams [2-15 mW/m?] (Fig 3) LARGER than GALILEO J'é_ %ﬁ . atsn?ozsa;:l?g'e 5.500 1 ™ , L - CA - ] ]
= i : ; i - - - -
2.2) PJ58 observations: Behind the Alfven Wing B Bas 3?88 - 10000 E . 10 ! ! ! !
* Juno/Waves : n_ ~2,000 cm3 (Fig 2) TYPICAL Bkg Torus e - 4.000 : : NEI § E A 2 J 0 1 2 S
VAVES el 15 =el 3500 -4 : 1 2500 cm3 |- Y to Jupiter (R,,
e atl-PhiO (0.71, 1.50, -0.84) ~ Sub-Jovian wake flank , o 3.000 4 2 o 2 4 - -
. Radi ltation: <n.> ~ 20,000 cm™3 (Buccino+25 VERY LARGE Fig 6: lonization by Y {Rio) to Jupiter ' - o - : - - :
adlo-occultation: <N /000 cm™ (Buccino+25) field-aligned electron beams - Fig 13: Densities along PJ57 trajectory projected in 2D plane of simulation.
* JADE-E: Field-aligned electron beams [2-20 mW/m? ] (Fig 3) larger than Galileo’s Fig 7: 2D plane of simulation for each flyby 1000 - \
at Z-elevation = peak of electron density - O |
Juno/Waves ion situ Nel observed by Juno/WAVE. Also shows I
3 0x10% = o 2100 ; il 3.5) 2D simulation latitudinal distribution of atmosphere ’ 7 . CO N C LU S I O N S
N Tna28000m? | 200 T 2000 cme —b. 1,
g o8 16 i in XY plane at Z-elevation of peak n, in Juno/Waves (Fig 7) 100 _ . . . _ . _
20x10% 3 “- e 168@ &5 + PI57:7 CA=1.65Rlo =>Nel obs = 28,000 cm-3 : - Modeling 10’s interaction critically needs multi-species chemistry to address
N . 15' () = u m -- ° ° °
1 5x10% SUIa'Tan+24]~'] 1400 Frrrr T T e PJ58: Z polar= -1.02 => Not CA . . the multi-species ion observation made by Juno.
08:35:30 08:36:00 08:36:30 17:48:00 17:48:30 17:49:00 17:49) BUT better look at polar atmosphere => Nel ~ 2,000 cm™3 " 1) ATMOSPHERE
X 1.12 0.81 051 X 1.28 0.97 0.66 0.35 u
Y 041 _0186 029 Y 0‘82 120 1_52 100 10 1 | ' | a s * PJ57 requires a denser Corona (2 x Wolven+01)
é. 1-2; 13?; 1;9 é. 1;2 ?gg -?2-’73 -2-82 -3 -2 -1 0 1 2 3 * PJ58 isinsensitive to a denser corona as skim behind Alfven Wing
] | | o - | o | | - o Y 10 Ju iter R —> hypothesis of spherically symmetrical corona may be too simplistic ??
Fig 2:n, from Juno/Waves (Suliman+24 4. A Denser Atomic Coronae o YtolupiterRo) I
Fig 10: Densities along PJ58 trajectory projected in 2D plane of simulation.
The red triangles highlight the calculated densities where Juno/Wave Caveat : Results very sensitive to flow speed inside Alfven Wing ~(1-3 km/s)
PJ57 PJ58 4.1) Standard Coronae (1 x Wolven+01) . . | |
AT -] 035a2-083saE UT | AT . 17:47:20 - 174722 UT observed the maximum electron density 2.1) PI57: through Alfven Wing <> Using denser Corona (2 x Wolven+01)
Ll | 1012 ol Lol - :IWT;?SBTJT:'I[ I.'ll I!ll |||§ | I‘. ) .: II | | 1012!(Downstream Heglunz::)undaq e At polar latitude: atmosphere Composition dominated by S & O coronae T (eV) for PJSB  Peak densities inside & at the b.aCk of Alfven W|ng | |
’ m\;'vfmz i § e - Atomic Coronae radial profile: HST UV observations of Wolven+01 (Fig8) | || — Ml B \wllf 2 R — * Max(ng) ~ 40,000 cm™ => Ok with Juno/WAVES and Radio-occultation
50 ] =10 =10 o Same brightness profiles for S and O extending from 1 to~ 10 R, - : * Plasma dominated bV.5+ | | o |
E e %E " 5 o But density and spatial distribution unknown - g . ( S, S***, O*") multi-charged ions dr-op drastlcal-ly inside Alfven Wing
2 "_3 | [ £ ; kA => Assume spherical symmetry based on aperture tilt ' * iontemperature very low => no EMIC in Alfven Wing (Cao+2025)
i L ‘| I =00 i = g8 | Cateoto ey => density inferred assuming T,= 5eV and n, ~ 2,000 cm= =>questionable 300 - : _ _ ,
g N BEEPN ® PA: 0 - 30 deg (Toward o) .,,A:n_mw,,,,{,mag‘, - 2.2) PJ58: behind the Alfven Wing <> Using Denser Corona (2 x Wolven+01)
ERRRAARARR AN L @ 100 L ctuag ool v et - BOPR PR W B Slit Orientation - - R i
42 0 2 4 001 010 1 10 100 42z 02 001 010 1 10 100 B lo 6 = 269 o Standard corona - ., 2.2.1) close to CA
Y, R) Energy [keV] Yoo R Energy [keV] SiA1478 0 lo A, = 84 (=4.5) (W | +0 1) C i / 3
: : : - : olven - i : * Electron density OK with Juno/WAVES: n_, ~ 2,300 cm-
: - - + e ; - . .
Fig 3: Field-aligned bi-directional electron beams (Ebert+25) = 200 f ,‘ + Similar densities for S, 0%, SO,* ~ 700 cm-
2.3) Upstream plasma conditions => Not yet determined E o Ncol O =7.3 X 1013 cm2 - ' : => torus plasma modified because of interaction with atmosphere of lo
o . o Ncol S = 3.6 X 1013 cm-2 C " * lon temperature quite high even after CA => EMIC ? (Cao+25)
=> use plasma parameters and plasma flow from similar Galileo flybys s ] - . ) .
= ; ] . ' . 2.2.2) In Wake
PJ57 as Galileo 127 PJ58 as Galileo 131 2 _ %55.84} | 100 A a—mmm— -2 N _3 . .
o Pwl slope ~ -2 ¢ ¢~q =T (upstream) =90 eV - * Verylarge n, ~ 90,000 cm™ caused by field-aligned electron beams
Jovian magnetic field (Byup) 1,980 nT 2,080 nT nO(2R) ~ 2 e14 cm™ E ! : e Artifact of 2D projection: projected PJ58 goes through wake but not real PJ58
. ) ) ' -  Plasma extremely dominated by S*
Ion density (nj) 1,331 e 1,350 e 0] ST L P Lo ; «  <T>very low => no EMIC in Wake (Cao+25)
- . - - 10 R 1 R 10 -3 -2 -1 0 1 2 3 3
ectron density (nei) 1,950 cm 2,019 cm . _ . ) NEED MORE DATA ANALYSIS FROM JUNO
Distance from lo (lo radii) Y towards Jupiter (R,,)
Average ion charge (Zi) ~1.5 ~1.5 Flg 8: radial profile of UV brightness of Sl and Ol UV lines * Junoisonly insitu new observation for next ~20 years
Fig 11: <T,> =Average ion temperature along PJ58 trajectory projected in 2D plane * Insitu plasma properties needed to understand remote observations (Clipper, JUICE, JWST,
Ion temperature , Ti> ~90eV ~80eV : . HST, Ground) . Juno/JADE-I observations very promising for
4.2) Denser Coronae : (2 x WOLVEN+01) =======3 | Denser corona of simulation. ) / yP 8
Alfven Velocity (Vai) ~ 265 km/s ~ 262 km/s = 2 x Wolven+01 * Red triangle highlight <T.> where Juno/Wave observed maximum electron » Background plasma Ni
density » Plasma Velocity n Alfven Wing
Alfven Mach Number (Mair) ~0.22 ~0.25 . . 5
8 Ncol O =15 X 1013 cm-2 * <T>islarge (190 eV) as PU in fast flow ; ?'asr;‘a COOTpOS't'c;”talong bOtth flybys
Angle Alfven wing (Theta) -1 ~ 140 Ncol S = 7. X 103 cm2 => Strong EMIC at CA of SO,* and SO+ but not at S* ?? on PJ58 (Cao+25) 'on densities and temperature s
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