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Study of the field-aligned distribution of ionospheric/magnetospheric plasma related to the

auroral electron acceleration process
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UDept. Geophys., Grad. Sch. Sci., Tohoku Univ.

Observation NASA's spacecraft Juno revealed the downward electrons in the energy range from a few tens keV to
hundreds keV in the Jupiter's auroral regions. The observed energy and pitch angle distributions suggested that Alfvenic
acceleration process plays significant roles in the formation of Jupiter's aurora [Mauk et al., 2017; Saur et al., 2018].
Alfvenic acceleration is expected to occur at the Earth [Chaston et al., 2002]. Despite the increasing attention to the
Alfvenic acceleration process in considering the aurora formation of magnetized planets, physical processes controlling
the characteristic energy and pitch angle distributions have been still unclear.

For the discussion of Alfvenic acceleration, the spatial distribution of multispecies ions and electrons along a field line
is necessary to understand property of Alfven waves. In the present study, based on the model used in Ergun et al.
(2000) and Matsuda et al. (2010), we developed a Plasma Distribution Solver for the plasma distribution along a
magnetic field line between the ionosphere and magnetic equator. The developed Plasma Distribution Solver iteratively
computes both the spatial distribution of multispecies plasma and the electrostatic potential so as to satisfy Poisson's
equation, as shown in Fig.(a) and (b). We obtain the number density of each species by integrating the distribution
function in the velocity space. We assume bi-Maxwellian distributions for the initial velocity distributions of both ions
and electrons at the ionospheric end and at the magnetic equator. By referring to both energy conservation law and
adiabatic invariant, we determine the interval of integration in the velocity space for a certain location, and then
integrate the distribution function at the boundary in the determined interval of the velocity space in order to obtain
the number density there.

Using the developed Plasma Distribution Solver, we study the effects of the assumed boundary condition and the
initial condition of the electrostatic potential. We found that the plasma distribution changes according to the assumed
boundary condition. Higher plasma temperature at the boundary results in broader distribution of plasmas along a field
line. This confirms that the convergence cannot be obtained in this case. It is also confirmed that there can be multiple
solutions under the same boundary condition and different initial gap position of the electrostatic potential.

In this presentation, we show results of the Plasma Distribution Solver and discuss the variations of the solution under
different initial settings. We also compare the results of the Plasma Distribution Solver with those obtained by the
conventional plasma distribution model considering the diffusive equilibrium of plasmas along a field line.

AREEEH Juno OEIENC X v, Bt keV 22 58H keV ICEZ WA VZI AL F—HICEB T2+ —0 7E TR TR
ERxI Nz, BHINAZEBEFOIAAF—SHE LRIy FASMHI 6. [Alfv?nic acceleration | 23RKEICE T 3
F—u 7B FIMEERICBWTEELRBREHZRZ L T3 2 ERE X L7z [Mauk et al., 2017; Saur et al., 2018],
Alfv?nic acceleration (ZHIERIGIR CEM I N 24 —v SBFOEBBER L L TdH 3 X LT W 5 [Chaston et al.,
2002], WLEEICBIT B4 — 1 TEFNHEEETO Alfv?nic acceleration DEE WA E T %2 —J7 T, HINEE LD
R 72 T A VX =40 ¥y F A % RGE DT 2 BRI D TSRO MESE I LT 5,

Alfv?nic acceleration 238 MICH: U 2 THIZ# EER 3 25 7012k, HABN TO Alfv?n I DI & BRI 0 21k
R DMEDRD B, AfvIn WOGHRECH 27 I X~DHHEALHICT 5 2 LI X ), Alfv?n #E D% )
HDOEREPHEL 7%, £ T CTARMZE TlE, Ergun et al.(2000) % Matsuda et al.(2010) TH W b L7z iR ic o wnw T,
WAL B ORI - 72 77 A=A # K % [Plasma Distribution Solver| #Fi# L 7=, Plasma Distribution
Solver (. Poisson FFERX 2723 & #UREFICH W T, BBORN FHEOEMEBEEDMEFHFERT Vo ¥ LDZE
IR % RAGERIC X Wk 2 FikTh 5, WKMERCEREMOERICET %44 v & BT OVIEE NG % bi-
Maxwellian 731 & L C5 2 T, TEOHIAICE T 2 HESHIC OV TIF T A ¥ —RIFHI W B ZE B b BE AL
TOMEERIC L =R T2 LIk VkD 5, HoNnhmBEEREERCHED T2 ICX Y, Wi Eo&
MBI BT 2 BR FREOBEE 251H T 5,

AR TIHFAFE L 722 — F 2w, EHEE - KB coBREMER 77 X~ RITTRE, b, )
e LCEH 2 3B RT VY vy VOERBEOREBICOWTENE NFR2, ZDFEHE., Plasma Distribution
Solver DFfEL LT, BERGEMDR 7 7 X~ MICKE R EZ RITT Z LRI NIz, BERICEH T 2 EHEE - X8
7T X2 DRERENIT L, BRFEOEE D ERE B Eeh & I 2 H IR S N, 72, WIS LT
Bz 2EERT vy v A SAHRE L R A E A ZL T AT, BEREN R LA TY B BRI
KL DZ LR ENTz, ARFEKTIT Plasma Distribution Solver iIC X W &b -fR oA E T2 L &b iT,



BRFEM OB T 2 B 75 O CICHEBCHET £ 7 4 70 LI ITIA D 7 7 X< B ICBT 2 BfF o €7 v

EDOHERL 7RI O WTERT 5,

a) 1o Number density b) Electrostatic potential
30000 ~|»
10 200 | 202 kv

‘ cold e~(Io) %20000" L’"‘“Tl
= 215000 |
:-1 103 | | Aurora Cavity 8 \
£ T ‘g’_mooov \
; 102 5000 | ‘\
[ = et
S 10
T 10!
o hot e~(Io) o
€ 2y

0,1 + f=

s 0 = 5

| Fal/ | Ei| 3

101 l 5**(lo) s24(M) é 38 >
lH+(J) I — E;;L;Mej‘-{h"!l
,2 -(M
Wy 1 2 3 4 5 6 7 -300, 1 3 3 4 5 7
Jupiter distance along MFL[RJ] To Jupiter Io

Fig. a) Number density of Jupiter-Io case. (1) is the mark of particles from Jovian
ionospheric end. (Io) is the mark of particles from Io. From 0.0352R; to 0.902R,,
number densities sharply decrease, and Aurora Cavity where only

H*(J) & e~(Io) exist is generated.

b) Electrostatic potential profile consistent with a). The profile is formed stepwise.
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