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Outline
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(1a) Mass-load &I IEEEDEETHS

(1) Momentum conservation: 41282 T momentum flux A RFF
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(1a) Mass-load &I IEEEDEETHS

(1) Momentum conservation: 41282 T momentum flux A RFF
= (p+Ap)(u+Au)?S | er

nd puzs | before —
(2) Inelastic mixing: IXFXREMNEILIHES . kinetic energy flux (K) (& ?
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= AK/K = Au/u =-Ap/2p
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(1b) Plasma Mantle T® O* M &R Al
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(2a) BEEE & M-I coupling D& E|

ZEINF=IRILE— DK DITEET? éﬂ [L J
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(2a) EEEE & M-I coupling DR E

MHD dynamo during deceleration
EHMINF=IRILEX— MK DITEEIE?
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exterior cusp

fl2: #hFKD plasma mantle: 'Qb w Y i+
- AR+ BREBEOSBREOSL &, ol
BENTEET 5 S EY

 +
+

- e " . — ; — <}:'
= DEtL-ERXEBEEANRNTZT L . 1B
("extra open" in open magntosphere) A JiiB
= BHEBETCIRILX—FEHETS - T H’ 5
(%t +Joulezh) Z BEJ// BEERE I
§‘7T ﬂ o o+ o+
s
. lonosphere
S

M. Yamauchi

Kiruna, Sweden



(2b) TRILF—THMEDFEXE

dp="dx DIEFETIEMT S O EE/TETFHXDARFE" =dF,,/uS
K. ="L-S (mass-loading area) 2t A9 S K[5E.D kinetic energy flux"
I:Ioad ="L-S ‘Ziﬁ)\j—é O* %f"ﬁ\\ﬁ EH = deFIoad

AK/K;, = (-1/2)-[dp(x)/p(x)
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L-S: mass-loading area--~
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(3) BEEfE & loading D=E+HabAO—)L

IRILFE— BK = (-1/8)-u% F, ., [TEBMBCTHEIND
& MHE F  [FTRILF—HEE (< AK) ITIKFT D

=> Positive feedback !
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(3) BEEfE & loading D=E+HabAO—)L

IRILFE— BK = (-1/8)-u% F, ., [TEBMBCTHEIND
& MHE F  [FTRILF—HEE (< AK) ITIKFT D

= Positive feedback !
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(3) BEEfE & loading D=E+HabAO—)L

IRILFE— BK = (-1/8)-u% F, ., [TEBMBCTHEIND
& MHE F  [FTRILF—HEE (< AK) ITIKFT D

=> Positive feedback ! Cluster/CIS case studies
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(3) BEEfE & loading D=E+HabAO—)L

IRILFE— BK = (-1/8)-u% F, ., [TEBMBCTHEIND
& MHE F  [FTRILF—HEE (< AK) ITIKFT D

= Positive feedback !

EERBI (RRET) IT& D&

(1a) Slapak et al., 2017 (Kp<7):
Fi..q ¢ exp(0.45*Kp)

load

(1b) Schilling et al., 2017 (Kp>7):
Floaq >> €xp(0.45%Kp) D F 38

(2) Kp & Vg, DEE R (OMNIS0EST):
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(3) BEEfE & loading D=E+HabAO—)L

IRILFE— BK = (-1/8)-u% F, ., [TEBMBCTHEIND
& MHE F  [FTRILF—HEE (< AK) ITIKFT D

=> Positive feedback ! Kp vs. energy extraction rate (AK)
. enhafncgg pci)(s‘;tive
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(1a) Slapak et al., 2017 (Kp<7): T ’
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Key Point

(a) B A A > D Mass loading (ERBEMNDS M-l BRRANDE A FEE
L TH#EEET D (AK o F__ Ve2) o EBIICIE cusp B R ERIF,

(b) BEBEE M K[IZEZL S open (reconnection) EE7%EY . mass loading
ICEDIRIINF—EMBBIIRBERANEHRBAAZELS extra
open TRE— D,

Reconnection = B EK / HiIGHNRD S
Mass-loading = BT / EREEERDAFTUHRD D

(c) AAFRED F_, « exp(0.45%Kp) ELVIIKRIFEZEFDONRED
Positive feedback IZ&Y) . AK o exp(esims) EWLVDIRBAIKEFHEZERFD
(Kp {&K7FE DY reconnection &Y IEBHIZFELY)

Reconnection efficiency o € (coupling function): linear
Mass-loading efficiency o exp(0.45*Kp): non-linear

(d) Positive feedback AVEE(FALIL, F__, = exp(0.45%Kp) ELVI5RLMKTFFE
[FHEFFLISKULNATBETE AV E LY
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Key Point (cont)

(e) cusp B R h region 1 EIFIHIIL TLSELVOEBIIZERT 5,
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HE KE

Slapak et al. (2017) for Kp < 7 Tl 40{EFEHIDFEREZ Kp=10 [CFH S
FHERELT
I:Ioad x exp(O45*Kp) = I:Ioad = 1027/5 @401%55_%-'7
g J’Fload ~ 108 kg

EHEELTz. CNIFREDRIFD 0, =TT B

HLE Kp>7 DEFDIBIRIZZ LV A (Schillings et al., 2017) T4 )L
F—HRYANIZEHNTWSLESE, A0EFERIO TR ILEF—HY A
#|d mass loading BXAL U THOI=DEEINLELY, FDIHE DR
HEE

JFioaq = 5x10%8 kg
H+RITHYFES, CNIFRTEDORK[EL=ICERHT S
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Future direction

(A) Numerical simulation: fluid model allowing finite
mass flux (in) and energy flux (out) should do the job.

(B) Apply to Mars/Comet where solar wind and
"conducting environment" are magnetically
connected.

e |ocalized open magnetic field (Mars)
e |ocalized draping IRF to ionopause (comet)
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(2a) BEEE & M-I coupling D& E|

MHD dynamo during deceleration

If >, =, charges are canceled & E=0
+ ;==

+ If >, =0, charges cause E=-UxB

§ orle If 3, = finite, E=finite & |,->, = finite o AE
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