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Physics of weakly ionized dusty plasmas in planet formation
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Planets form in gas disks around young stars. These protoplanetary disks are a typical example of weakly ionized plasmas
space: they are coolM10-1000 K) but are nonthermally ionized by galactic cosmic rays and stellar X-rays. The disks can also
viewed as dusty plasmas as they contain micron-size dust particles from which planets form.

In this talk, we highlight interesting aspects of protoplanetary disks as weakly ionized dusty plasmas, and discuss their impor
tance in planet formation as well as the MHD of the disks themselves. In particular, we focus on the interplay between charge
dust particles and disk's MHD turbulence. lonized accretion disks are prone to become turbulent because of the magnetorot:
tional instability (MRI; Balbus & Hawley 1991). In protoplanetary disks, the activity of MRI strongly depends on how much dust
has grown to larger solid bodies, as small dust particles determine the ionization degree of the disk gas. Meanwhile, turbulenc
if present, drives the relative velocity of solid particles, which in turn affects how far the particles can grow by collisions. We
briefly review recent developments in the numerical study of MRI-driven turbulence, and then discuss possible coevolution of
MRI turbulence and dust particles as predicted by our latest self-consistent simulation (Okuzumi & Hirose 2012).

We will also highlight the importance of plasma heating by turbulent electric fields. A simple order-of-magnitude estimate
shows that electric fields in MRI turbulence can significantly heat up electrons in the gas. This implies that Ohm’s law can
becomenonlinearin the field strength. To study the nonlinearity of Ohm'’s law, we construct a gas-dust charge reaction model
that takes into account the heating of ionized gas particles as well as impact ionization by hot electrons (Okuzumi & Inutsuka, ir
prep.). We find that the heating gives rise to negative differential resistivity at a high electric field strength. This occurs because
heated electrons more frequently adsorb onto dust particles. The reduced conductivity will lead to suppressed MHD turbulence
Our ionization balance calculations predict that this effect become important in realistic protoplanetary disks (Mori & Okuzumi,

in prep.).
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lonospheric disturbances studied by high-resolution GPS total electron content observe
tions
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The Global Positioning System (GPS) is a worldwide precise radio-navigation system formed from a constellation of at least
24 satellites at 20,200 km altitude, 4.2:Rrom the center of the Earth. GPS orbit configuration ensures that 5-10 satellites
are visible from any single point on the Earth. The dual-frequency signals from the GPS satellites pass through the ionosphet
to reach ground-based GPS stations. The phase and group velocities of radio waves vary in the ionosphere depending on t
integrated electron density, that is total electron content (TEC), along the ray path and on the frequency of the radio waves. Usin
these characteristics, the TEC integrated along the ray path between a GPS satellite and a receiver can be accurately meast
using two GPS signals in different frequencies. The TEC strongly reflects variations in the ionosphere at an altitude of about 30
km, where is the peak height of ionospheric electron density.

We have developed high-resolution TEC maps using dense GPS receiver networks. We have been collecting all the avai
able GNSS receiver data in the world to expand the TEC observation area. These GNSS data are provided by IGS, UNAVCC
SOPAC, and other regional data centers. Currently, we are providing global and regional maps of absolute TEC, detrended TEC(
and rate of TEC change index (ROTI). These data and quick-look maps are archived and available in DRAWING-TEC website
(http://seg-web.nict.go.jp/GPS/DRAWING-TEC/).

These high-resolution GPS-TEC maps have been applied to studies of various ionospheric disturbances. Sudden increase
TEC caused by solar flares were studied using global TEC observations. Regional TEC observations have revealed new chare
teristics of large- and medium-scale traveling ionospheric disturbances (LSTIDs and MSTIDs). Recently, clear concentric wave:
and short-period oscillations were observed after huge earthquakes/tsunamis and massive tornadoes, indicating that acou:s
and/or gravity waves propagate upward from the lower atmosphere and reach the ionosphere.

In this presentation, we will introduce recent studies of ionospheric disturbances using high-resolution GPS-TEC observations

F—7U— R HHEE, GPS 2 &L, FAkE
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Observation of Lightning in Protoplanetary Disks by lon Lines

R ST Bb A6 2 R E—E0 3 Bk 97 4 BE R Y
MURANUSHI, Takayuki* ; AKIYAMA, Eiji 2 ; INUTSUKA, Shu-ichird ; NOMURA, Hidekd' ; OKUZUMI, Satosht

VRUORE, 2 ENIRXA, P AR, R EER
IKyoto University,2The National Astronomical Observatory of Japédagoya university! Tokyo Institute of Technology

JRARR R R BRIC B 5 B IZ AR ERMBR A B 5 HELFRER TH 5, MBEEIEZTY FY 2 —)VBRO A
AAZALE LT, ReFhEE R OEMHIREZBINT 27D DFEO—DE LTHIRENTE L, £ T, K
IR RIRIC BV TEZG IR LS 2HHADETIVMREEINTED . TOWITNMELW»ZEHICXET %
C L3RR R R Z Y ICER S 2 5 A T THETH %, ARELTIE, ML BEHBERMABRICBT 2EHE
TV BN XA B ATREPEIC DL T L 72,

i EOEIFZEHPICH T B MEHRTH O 245 B T S METHSIE. RIS MRDRELND O L SN
HTHD, LML, BHINCIEH EOEIZZEROMIRN LD S 1-27 ZRNEL TI TICRET 2 2 EAMENTE
D, TORFIEVIEENROHMDOC EDTH o7, (TTT, #kxit )&, WEMMBRBEZEC ISR 5N
BHOBRE DRAIADT ETH S, Mk /1 EYELOHLE Z2YMMETH %)

C O fiR fzdlc, Eki7% TownsendiliEEE 7 /VLISMC &, Hi7ziC Druyversteyn-PenninfliEEE 7L T )7 =
AWBEETIVDREINTE . TD2DDETIVCK > TEMN D851 OffIE TownsendHEETIVAT S 5 1E
EDET o ENE,

C DRI I OMEZIET DT LIk D, WMEETIVEZKAITS T N TE S, Mk /Jeid, BHRIcKk>ThEEh
BTN —EDEMIIRINF—IETZHTHD EMIRTEZC ENTES, LTATYHEICHINE NIz DESIZ. ZD
WEICSLEFNBEAA R T2 INEST %, WEZTI SR TOICHBERBHRT IV F—IE—ETHIHE, 44N
MBRIC K > TET LRIV F—L—ETH B, U BIIIICIE. 81 A > O EIFEGEE TIEFHO DN ENIE ED
FIRICH D, MDOZFOEEIIEERICD > T—E T, RFTEEEPREICRE ISRV EZERKT 5, TOXHIEE
DIESTMEIE., WERSROFEREIAL, FREETIVEXT 37200 F LR WVEIINMENZ %, e Z
. KIS H 920DIKFED T- & 8%NDNY T L BI85 [N A %H Z 12550, HCOT A 4 DWW T T ORI
&, Townsendi# €7 )L, Druyversteyn-Penninf{s €7 /L. runaway{{idEE 7 /W DWW TZENZN 7.1km/s 2.9km/s
0.49km/sTdH %,

4%, HCOt, DCO and NHT &V =D A 4 VHEICDWT, BET N EEBICANTZEEMMGEFHEL. TN
ELLICogAr7a 7 7 ANVEBIO 20 PVREZEY I aL— Ui, ZTOE, 40707 7 AUIBWVT, BT
TIVT LIS E 23 EREEIC, 10-100mIVEE DRFEIN NS T L b o 7z, Mathews et al. (2013% Qi et al. (2013)
IKENE, ALMA IC & > T 10mIyREEDRED A 4 VEIRE RN HRE TN TVWE DT, ALMA 2T —XICE LD
T—HOBETIWEREALIZD, FERBINCHEWTEET IV EZ#RITE SZEEELNH 5 T bbb - 7z,

F—T— R FUARE R, AR, &, 99EM 7o X<, KIkTI X<
Keywords: Protoplanetary disks, Discharge phenomena, Lightning, Weakly-ionized plasma, astrophysical plasma

1/2



Japan Geoscience Union Meeting 2014 o/o)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)

©2014. Japan Geoscience Union. All Rights Reserved. ]gg;sgime
Union
PEM31-03 213:503 5 H 1 H 16:15-16:30
Simulated HCO™ Line Profile Simulated HCO™* Line Profile
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Simulated HCO* line profile of an MMSN disk located at distance d=56pc, inclination i
= 7(deg). The three curves indicate disk without lightning (N), disk with runaway
breakdown model (R), and with Townsend breakdown model (T), respectively.
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Investigation of attractive forces associated with overlapping Debye spheres using N-bod
simulations
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Test-particle simulation of electron-H20 elastic collision along the magnetic field line
around Enceladus
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Saturn’s inner magnetosphere is dominated by water group neutrals originated from Enceladus’ water plume [e.g., Shemansl
et al., 1993; Richardson et al., 1998; Esposito et al., 2005]. The neutrals in the inner magnetosphere contribute to one of tt
important loss processes of plasma through plasma-neutral collisions. However, little has been reported on a quantitative stu
of the electron loss process due to electron-neutral collisions. In this paper, we will focus on the collisional loss process with
neutrals.

We examine the variation of equatorial electron pitch angle distribution and loss rate of precipitated electrons into Saturn’s
atmosphere through pitch angle scattering due to elastic collisions with nedtahldng Saturn’s magnetic field line around
Enceladus. We focus on 1 keV electrons as a typical energy in the present study. To examine the variation of those, we perfor
one-dimensional test-particle simulation when the co-rotating electron flux tube passes the g@msgibh in the vicinity of
Enceladus ("6.4 minutes). Results show that the equatorial electron pitch angle distribution near the lcs2@degrees and
>160 degrees) decreases with time through pitch angle scattering due to elastic collisions. It is found that the electrons of “19 ¢
to the total number of equatorial electrons at the initial condition are lost in “380 seconds. The calculated loss time is twice faste
than the loss time under the strong diffusion.
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HD wave-driven mass loss from gas giants and effects on atmospherlc structure
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Group motion of heteromorphic fine particles in HF discharge plasma
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EHERVIZL L BIR LT, MR 779 ARG Z S DRFICK ORI NT WS, [1,2] T T Tk, BN O Z2H
DMK T2 B30T T A2 @ERE T VI VNICIED . FEZT1T>TW0Wd, £ LT, FiHlBiRzHEEL T3, B 150
mm, & 150mmAOHRIA T > L AAERNIC 2 DOMREME 1 DDV ¥ FEMAENIN TV S, @EET I A<,
10-13 PaD Ar JAHIT, 270-290 V.,,s DAl 2 L NEMICHIA TIES NS, Vv T Ekud. KR CiIAD DA,
MO FICEMN S, HOZEMbiFiE,. RIES Y a2 (BEEER 8 um). 2LV a2 (EREK 8 um) BV (EFE
25um £& 10-1500um T, EADX ARy 7 Ao EN S, BfEEA A5 (SELMIC LWD100) & 74 71 X
ZC, & ORI ED) & EBHETDERE NS, X 11, HEEE V=280 Vs EER 14=0.2 Apss Ar 17713
Pall BWTIES NIz, FINIRIRI FETH S, K21k, SICR TR TFOHBTH O, JEIAK 0.07 sTEERLEHT) 21T >
TWa, FWHOGE, BiEEORERGEENEIN S Nz, N5 OEEIE, XA MEEIREI Tl TNz &EZX T
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Fig. 1 Fine particles in the HF plasma. Fig. 2 Planet-like motion of a particle.
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